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ABSTRACT
Measurements according to ISO 3382-3 are generally used to objectively describe the room
acoustic quality of open-plan offices. The standard results in four single-number quantities:
distraction distance, the spatial decay rate of speech, speech level at 4-meter distance and
background noise level. The relationship between these quantities and perceived noise
disturbance has not been established in field studies. Our aim was to synthesize evidence
from 21 workplaces (883 respondents) covering a wide range of room acoustic conditions.
The data included both questionnaire surveys and room acoustic measurement data from
each office. The results showed that an increase in distraction distance predicts an increase in
disturbance by noise. The results give strong support to the view that the investment on room
acoustic quality of open-plan offices is beneficial. Good quality is achieved by the
simultaneous application of room absorbers, sound masking and office screens.

INTRODUCTION
Speech is the primary noise source in open-plan offices [1]. The disturbance caused by
speech is associated with speech intelligibility [2]. Noise control can be provided e.g. by
investing on room acoustic quality, by setting up behavioral guidelines and by installing sound
insulating booths [3]. Nowadays, open-plan offices are also often provided with quiet rooms
where employees can temporarily move during periods of concentration-demanding tasks or
confidential conversations.
The international standard ISO 3382-3 [4] describes a method for measuring the room
acoustic conditions in open-plan offices. The standard is based on a study conducted in 16
open-plan offices [5]. The measurement is conducted by placing a loudspeaker in a single
workstation. The loudspeaker mimics a single person speaking in the open-plan office. The
loudspeaker produces pseudo-random noise with a known sound power level. The noise
produced by the loudspeaker is measured at several workstations at different distances from
the loudspeaker. Typically, a measurement line is selected where the workstations are located
at different distances, r [m], from the loudspeaker. In the analysis phase, the measured
octave-band levels of noise are normalized to normal-effort speech so that the A-weighted
level of speech can be determined in every workstation. In addition, the Speech Transmission
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MATERIALS AND METHODS
The room acoustic measurement data and questionnaire data (N=883) were collected from 21
open-plan offices during years 2002-2014. An open-plan office means a workspace of at least
six employees. The data does not contain call-centers because they can be expected to
involve much more speech sounds than typical open-plan offices. Four out of twenty-one
offices were open-plan offices involving a large number of quiet rooms in addition to the
workstation in the open-plan office. All respondents had assigned workstations in all studied
offices.
Two variables were analyzed from the original questionnaires: disturbance by noise (referring
to all noise sources) and disturbance by speech. The amount of disturbance was assessed
using a 5-point verbal scale (1 Not at all, B, 5 Very much). Both variables concerned the
perception at the workstation. The original 5-point variables were dichotomized so that the
highest two categories (4 Quite a lot, 5 Very much) were re-coded as ”highly disturbing”
(%HD) and the lowest three categories 1-3 as ”not disturbing”. Age and gender were included
in the models.
The room acoustic properties of the open-plan offices were measured according to the ISO
3382-3 [4]. The principle was explained in Introduction.
Pearson’s correlation coefficients were determined between the values of room acoustic
quantities and the values %HD over the 21 open-plan offices.
Because the data was collected from separate research projects over several years, the data
was combined applying a meta-analytic approach [9]. One-stage meta-analysis of individual
participant data [10] was conducted using two-level logistic regression with respondents (level
1) nested in workplaces (level 2). The method takes into account the hierarchic structure of
the data where individual respondents belong to specific organizations (level 2) which can
have their own influence on the results. Room acoustic measurement data were organizationlevel variables because their values were identical for all employees of an organization. The
Odds Ratio, OR, and the 95% confidence interval is reported. Odds ratio is statistically
significant when the 95% confidence interval does not involve the value 1.00. The analysis
was conducted with R software (version 3.2.2) [11] using the lme4 package [12].

RESULTS
The correlation coefficients between the variables are shown in Figure 2 and Table 1. The
results of the multi-level modelling are shown in Table 2.
Table 1. Pearson’s correlation coefficients between the main variables shown in Figure 1.

rD
0.05
L A,S,4m 0.42
L A,B -0.83***
%HD by noise 0.54*
%HD by speech 0.54*

D 2,S

L p,A,S,4m

L p,A,B

-0.41
-0.02
-0.04
0.08

-0.38
0.47*
0.57**

-0.56**
-0.52*

%HD by
noise

D 2,S

0.88***

* p < 0.05, ** p <0 .01, *** p < 0.001
%HD = percentage of highly disturbed
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DISCUSSION
The correlation between disturbance by noise and disturbance by speech was very high. This
supports earlier findings and demonstrates that disturbance by speech largely explains the
general perception of disturbing noise in open-plan offices.
The results of the full sample (21 offices) indicated that disturbance increases when
•

distraction distance increases,

•

speech level at 4-meter distance increases, and

•

background noise level reduces.

The raw data of Figure 2 shows that the four open-plan offices involving a large number of
quiet rooms had lower disturbance by noise. When the open-plan offices involving a large
number of quiet rooms were excluded from the analysis, the results indicated that disturbance
increases with increasing distraction distance.
The results support the application of ISO 3382-3 standard. The quantity rD seems to be of
primary importance because it was associated with both disturbance variables in both
samples. However, because rD depends on all three quantities, LA,B, LA,S,4m and D2,S, as
explained in Refs. [5], our result should not be interpreted to indicate that these three
quantities are not needed. If a similar study was conducted in open-plan offices where the
background noise levels, LA,B, are equal and sufficiently large (preferably within 40-45 dB
LAeq), the disturbance would probably be reduced with increasing D2S and rD, and with
reducing LA,S,4m. This hypothesis is supported by a recent field experiment which showed that
adding room absorption decreased acoustic disturbance [13]. Therefore, further research in
this field is still needed.
The disturbance by noise varied strongly between the offices (Figure 2). The %HD values
ranged between 6 and 71% in the full sample. The range was between 17 and 71% for
seventeen conventional open-plan offices and between 6 and 30% for four open-plan offices
involving a large number of quiet rooms. The number of latter offices was only four and the
difference between office types was not investigated so the conclusions should be cautious.
This is the first field study which has investigated the relationship between noise disturbance
and room acoustic quality as described by ISO 3382-3. Our results partially disagree a
previous study which did not find evidence of the relation between acoustic satisfaction and
room acoustic quality as described by Speech Intelligibility Index, SII [14]. The reason may be
that we focused on the acoustic quality of the whole office, which is the approach of ISO 33823, while Ref. [14] focused on the SII between neighboring workstations. The latter approach
does not sufficiently describe the room acoustic quality of an open-plan office [5].
The results suggest that it is beneficial to invest on room acoustic design which reduces the
distraction distance. This is achieved by the simultaneous application of sound masking, room
absorbers, and screens [5]. The results also suggest that the increment of background noise
(sound masking) alone is beneficial. However, it should be noted that an increment of masking
level above 45 dB LAeq is not recommended because it can lead to increased speech effort
during conversations and the desired reduction of noise disturbance may no longer be
achieved.
Virjonen et al. [5] presented the first target values for the room acoustic quantities of ISO
3382-3. They were based on the observed distribution of room acoustic data among 16
acoustically different open-plan offices. However, their suggestion was not confirmed by
employee perceptions. Our results support the suggested target values of Virjonen et al.
regarding the quantities rD, LA,S,4m and LA,B.
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The results can be used to develop scientifically justified target values for room acoustic
design. For example, the linear fit over our data (Figure 2) suggests that the percentage of
highly disturbed by noise can be below 30% when the distraction distance is less than 7
meters, speech level at 4 meters is less than 46 dB LAeq and background noise level is above
40 dB LAeq.

ACKNOWLEDGEMENTS
We wish to thank Riikka Helenius, Jukka Keränen, David Oliva and Petra Virjonen for
conducting the acoustic measurements, and Mervi Eerola and Tuomas Kuusisto for their
contribution to the statistical analyses.

REFERENCES
[1]

[2]
[3]
[4]
[5]

[6]

[7]

[8]
[9]
[10]

[11]
[12]
[13]
[14]

Haapakangas, A., Hongisto, V., Eerola, M, Kuusisto, T. (2017). Distraction distance and perceived
disturbance by noise—An analysis of 21 open-plan offices. The Journal of the Acoustical Society of
America, 141(1), 127-136.
Hongisto, V. (2005). A model predicting the effect of speech of varying intelligibility on work performance.
Indoor Air, 15(6), 458-468.
Hongisto, V., Keränen, J., Virjonen, P., Hakala, J. (2016). New method for determining sound reduction of
furniture ensembles in laboratory, Acta Acustica united with Acustica, 102, 67-79.
ISO 3382–3 (2012) Acoustics – Measurement of room acoustic parameters – Part 3: Open plan offices.
International Organization for Standardization, Geneva, Switzerland.
Virjonen, P., Keränen, J. Hongisto, V. (2009). Determination of acoustical conditions in open-plan offices:
Proposal for new measurement method and target values. Acta Acustica united with Acustica, 95(2), 279–
290.
Haapakangas, A., Hongisto, V., Hyönä, J., Kokko, J. Keränen, J. (2014). Effects of unattended speech on
performance and subjective distraction: The role of acoustic design in open-plan offices. Applied Acoustics,
86, 1-16.
Hongisto, V. (2008). Effects of sound masking on workers – a case study in a landscaped office. 9th
International Congress on noise as a Public Health Problem (ICBEN), Mashantucket, Connecticut, USA, 2125.
Hongisto, V., Haapakangas, A., Helenius, R., Keränen, J., Oliva, D. (2012). Acoustic satisfaction in an
open-plan office before and after the renovation, Euronoise 2012, June 10-13, 654-659, Prague.
Hongisto, V., Haapakangas, A., Varjo, J., Helenius, R. Koskela, H. (2016). Refurbishment of an open-plan
office – environmental and job satisfaction. Journal of Environmental Psychology, 45, 176-191.
Debray, T., Moons, K. G., Valkenhoef, G., Efthimiou, O., Hummel, N., Groenwold, R. H. and Reitsma, J. B.
(2015). Get real in individual participant data (IPD) meta‐analysis: a review of the methodology. Research
Synthesis Methods, 6(4), 293-309.
R Core Team (2015) R: A language and environment for statistical computing. R Foundation for Statistical
Computing, Vienna, Austria. URL https://www.R-project.org/.
Bates, D., Maechler, M., Bolker, B. and Walker, S. (2015). Fitting Linear Mixed-Effects Models Using lme4.
Journal of Statistical Software, 67(1), 1-48.
Seddigh, A., Berntson, E., Jönsson, F., Bodin Danielson, C., Westerlund, H. (2015). Effect of variation in
noise absorption in open-plan office: A field study with a cross-over design, J. Environ. Psychol. 44, 34-44.
Newsham, G. R., Veitch, J. A., and Charles, K. E. (2008). Risk factors for dissatisfaction with the indoor
environment in open-plan offices: An analysis of COPE field study data. Indoor Air, 18(4), 271–282.

6

