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The ISO standard 3382-3 for Open Plans was released 2012, looking into more depth on the speech prop-
agation. With this study we wanted to investigate real office conditions, not controlled conditions, by isolat-
ing the sound environment in the manipulation that occurred we could then test our five hypotheses. The aim 
with this study was to find the building performance, with a fixed interior, in open-plan offices is reflected in 
the employees' ratings of disturbances, health, and performance. The study was performed with a cross over 
design in order to have double control groups. The acoustical effects of these manipulations were assessed 
according to the new ISO standard 3382-3: 2012 for open-plan room acoustics. In addition, the employees 
responded to questionnaires after each change. The results suggest that even a small deterioration in acousti-
cal room properties measured; have a great impact on the employees’ perception of disturbances, wellbeing 
and cognitive stress. 
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1. 1 INTRODUCTION 

 
 In relation to other ambient factors, the impact of unwanted sound or noise is probably the 

most studied when it comes to office environments [1, 2, 7, 12, 13]. Noise has been suggested to 
cause interruption, irritation and lowered performance among employees [10], and is one of the 
most common reasons for complains in open-plan office environments [5]. However, this study 
addresses something that is less known about noise, namely, how better or worse acoustical condi-
tions in open-plan offices affect employees’ perception of disturbances, health, and performance. It 
has also been found that different noise types, for example speech, music, and office noise in gen-
eral, in comparison with quiet conditions, negatively impact different cognitive outcomes, such as 
memory performance, reading comprehension, and proofreading [3]. Hence, the purpose of the pre-
sent study is to test the effect of different acoustical environments on employee ratings on indicators 
of disturbances, health, and performance. This is done by a crossover design that compares two dif-
ferent types of sound absorbents installed in contrasting sequences on two similar floors within the 
same office building. In order to obtain a comprehensive understanding of the room acoustics, we 
collected objective acoustical data in accordance with the international standard regarding room 
acoustics parameters [4]. We also collected behavioural measures, in order to understand how the 
acoustical environment impacts on the employees. 
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2. 2 Theory 

 
 In this study the aim was to investigate if enhanced and worsened room acoustic characteris-

tics in open-plan office environments are reflected in changes in the employees’ own perception of 
disturbances, health and/or performance. The manipulation consisted of different acoustic elements 
in the office building, where one condition enhanced the acoustic environment (better condition) 
and one worsened the acoustic environment (worse condition) as compared to a baseline condition. 
Our overall hypothesis was that the acoustical conditions would have an impact on the respondents’ 
experiences regarding the outcome variables that is within each floor:  

Hypothesis 1: the better condition is associated with lower disturbances in general  
Hypothesis 2: the better condition is associated with lower nearby disturbances,  
Hypothesis 3: the better condition is associated with lower distant disturbances, 
Hypothesis 4: the better condition is associated with lower cognitive stress, 
Hypothesis 5: the better condition is associated with higher personal efficiency. 

 
2.1. Participating organization and employees  
Two out of the six floors were used for the study (floors 4 and 5) as they had identical layouts, 

were similarly furnished, and the employees on these floors had similar work assignments. Each 
floor was highly open, with limited or no partitions, carpeted and with ceilings with highly sound 
absorbent tiles. Each employee had his/her own designated desk. The sample consisted of 151 em-
ployees in a municipality office outside of Stockholm, Sweden. 77% (n = 117) of the total sample 
completed the baseline survey in its entirety (T0), 70% (n = 106) the first survey (T1), 62% (n = 94) 
the second (T2), and 64% (n = 97) the third (T3). The analytic sample size was thus 145 persons.  

 
2.2. Study design and procedure 
This study employed a crossover design in an office environment to investigate if enhanced and 

worsened acoustical environment impact employees’ perception of disturbances, self-rated health 
and performance.  

 
 
Table 1. Illustrating the process of data collection. 

 
The grey columns illustrates the period before the manipulation began; white text on black background = the better condition; black 

text on white background = the worse condition. Collection TX= illustrates when data were collected. Week 9-11 contained many na-
tional holidays which was handled by postponing the last manipulation and the last data collection (T3) so that everybody would be 
exposed to the new condition for two weeks before answering the survey. The manipulations in the physical environment were made the 
end of the following weeks: 2, 5, and 10. The data collections ended the following weeks: 2, 5, 8, and 14. 

 
 
2.3. Survey measures 
All respondent data was collected by means of an electronic survey. Disruption in general was 

measured by four items. The questions were “To what extent have you in the past seven days been 
disturbed by ventilation sounds”; “… by sounds from computers”; “… by ringing phones”; and “… 
by colleagues’ phone calls”. All questions concerning disruptions were measured by using a five-
point rating scale (1=“to a small extent”, 5=“to great extent”). Cronbach’s α for internal reliability 
from the first survey was 0.71, indicating satisfactory consistency. Nearby disturbances were meas-
ured by the question “To what extent have you in the past seven days been disturbed by speech and 
laughter from colleagues sitting near you (within a radius of 10 metres)”. Distant disturbances were 
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measured by the question “To what extent have you in the past seven days been disturbed by speech 
and laughter from colleagues who sit further away (beyond a radius of 10 metres)”. Cognitive stress 
was measured by the cognitive stress scale from the Swedish version of the Copenhagen Psychoso-
cial Questionnaire (COPSOQ) [6].  

 
 
Sample question: How much of the time during the past week have you found it difficult to think 

clearly? All items were scored on a 5-point rating scale (1=never, 5=always). The personal efficacy 
subscale (6 items) of the Swedish version of the Maslach Burnout Inventory – General Survey 
(MBI-GS) was used to assess self-rated performance [11]. All items were scored on a 7-point rating 
scale (ranging from 1=never, 7=daily). See Table 2 for a correlation matrix between the dependent 
variables at T 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.4. Acoustic measurements 

We included several acoustical measures in accordance with ISO 3382-3 guidelines, N.B  not all 
paths were 16 meters long (ISO-3382-3, 2012). As an outcome we calculated the radius of comfort 
that was suggested at EuroNoise 2012 [8]. In addition, dBA levels were recorded from four points 
by two microphones on each floor. See [14], 2014 for the full acoustical report. All objective acous-
tical data were gathered in order to confirm that the manipulations we had made to the physical en-
vironment had led to two distinguishable acoustical conditions on each floor.  

 
2.5 Data analysis 
Separate repeated ANCOVAs were carried out for each of the five outcome variables for T1, T2, 

and T3 in order to test if the different order of the better versus worse conditions generated a differ-
ent development of the outcome measures over time. By investigating if the quadratic function of 
time and floor was significant, the repeated ANCOVAs tests if the repeated manipulations to the 
different floors affected the outcome measures in the supposed direction. A significant quadratic 
function of time and floor would mean that the better and worse conditions affected the employees 
according to intentions, which will allows us to conduct further analyses to test if the manipulations 
between the better and the worse conditions differed meaningfully within each floor. The analyses 
were conducted in SPSS version 21 by means of the General Linear Model. Sex, age, and educa-
tional level were included as covariates. 
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3.  Results 
 
The difference between the better and the worse acoustical condition for the active parts of the 

working days and for each floor are shown in figure 1, which illustrates that in general throughout 
the days during data collection, both floors had a lower dB (A) level during the better condition in 
comparison to the worse. Floor 5 had a larger variation than floor 4.. 

Figure 1: SPL over day 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
According to expectations, and as shown in Table 4, the condition with both absorbing tiles and 

wall absorbents, absorbed noise better than the condition with reflective tiles and no wall absorbents 
according to the latest ISO standard and the Radius of comfort Rc [8].Speech level is thereby spread 
longer. 
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3.1 Disruption in general 
According to Wilks’ criterion there were no significant main effects of time or floor. The interac-

tion effects between time and the covariates were not significant. The time and floor interaction was 
significant for the hypothesized quadratic function (F[1, 38]=7.29, p = 0.01, partial η 2= 0.16). As 
shown in Figure 2a, the manipulations on each floor yielded symmetrically different U-shaped 
curves for disruption in general which suggested lower disturbances in the better conditions in com-
parison to the worse. Contrast analyses comparing the conditions within each floor where carried 
out to test the first hypothesis. On floor 4 the change from the better (T1) to the worse (T2) condi-
tion was significant while the change from the worse (T2) to the better (T3) condition was not. On 
floor 5 the change between the worse (T1) to the better (T2) condition was not significant but the 
change between the better condition (T2) to the worse was significant (all p < 0.05; please see fig-
ure 2a). To conclude, the first hypothesis was supported in that the better acoustical condition is 
related to less reported disturbances in general. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.2 Nearby disturbances 
With the use of Wilks’ criterion there was no significant main effect of time or floor. The inter-

action effects between time and the covariates were not significant. The time and floor interaction 
was significant between time and floor for the hypothesized quadratic function (F[1, 40]=6.36, p< 
0.001, partial η 2= 0.14), that is, the manipulations on each floor yielded symmetrically different U-
shaped curves for nearby disturbances, which suggested lower disturbances in the better conditions 
in comparison to the worse. Contrast analyses comparing the conditions within each floor showed 
that on floor 4 the change from the better (T1) to the worse (T2) condition was significant while the 
change from the worse (T2) to the better (T3) condition was not. On floor 5 the change between the 
worse (T1) to the better (T2) condition was not significant but the change between the better condi-
tion (T2) to the worse was significant (all p < 0.05; please see figure 2b).  
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To conclude the second hypothesis was supported in that the better acoustical condition is related 
to lower reported nearby disturbances.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.3 Distant disturbances 
With the use of Wilks’ criterion there was no significant main effect of time or floor. The inter-

action effects between time and the covariates were not significant. The time and floor interaction 
was significant between time and floor for the hypothesized quadratic function (F[1, 40]=5.42, p = 
0.025, partial η 2= 0.12). As shown in figure 2c, the manipulations on each floor yielded symmetri-
cally different U-shaped curves for distant disruption suggested lower disturbances in the better 
conditions in comparison to the worse. Contrast analyses comparing the conditions within each 
floor where carried out to test the first hypothesis. On floor 4 the change from the better (T1) to the 
worse (T2) condition was marginally significant (p = 0.05) while the change from the worse (T2) to 
the better (T3) condition was not. On floor 5 the change between the worse (T1) to the better (T2) 
condition was significant which was also the case for the change between the better condition (T2) 
to the worse (all p < 0.05; please see figure 2c). To conclude, the third hypothesis was supported in 
that the better acoustical condition is related to less reported disturbances from distant sources.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.4 Cognitive stress 
With the use of Wilks’ criterion there was no significant main effect of floor. However, the main 

effect of time was significant (F[2, 36]=3.48, p= 0.042, partial η 2= 0.16). The interaction effect 
between time and covariates were not significant. The time and floor interaction was significant 
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between time and floor for the hypothesized quadratic function (F[1, 37]=7.59 p = 0.009, partial η 
2= 0.17). As shown in Figure 2d, the manipulations on each floor yielded symmetrically different 
U-shaped curves for cognitive stress, which suggested lower stress in the better conditions in com-
parison to the worse. Contrast analyses comparing the conditions within each floor where carried 
out to test the fourth hypothesis. On floor 4 neither the change from the better (T1) to the worse 
(T2) condition nor change from the worse (T2) to the better (T3) condition were significant. On the 
other hand on floor 5 both the change between the worse (T1) to the better (T2) condition and the 
change between the better condition (T2) to the worse were significant (all p < 0.05; please see fig-
ure 2d). To conclude, the fourth hypothesis was supported in that the better acoustical condition is 
related to less cognitive stress.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.5 Personal efficiency 
With the use of Wilks’ criterion there was no significant main effect of floor or time. The inter-

action effects between time and the covariates were not significant. Further, the hypothesized quad-
ratic function between time and floor was not significant (see figure 2e), meaning that the employ-
ees on each floor did not report significantly higher or lower efficiency depending on the different 
conditions. Given that the overall quadratic function of time and floor was not significant, no fur-
ther analyses within each floor were carried out. Therefore the fifth hypothesis could not be sup-
ported (see figure 2e). 
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4. Discussion and conclusions 
 
One of the main strengths of this present study is that it was carried out in the field addressing 

regular office employees. Given that the social and other organizational structure within the organi-
zation were not manipulated, we believe that our findings is highly relevant for the effect that noise 
has on employees’ health and perception of disturbances. Another strength of this study, it’s the 
crossover design. By having two groups that constantly were exposed to the opposite condition than 
the other and by changing back and forth between the conditions, we created a highly controlled 
field experiment increasing the reliability of our findings. This study investigated; affect employ-
ees’ perception of disturbances, self-rated health, and performance. Our results are in line with pre-
vious studies [5] and suggest that employees’ perception of disturbances and health are affected 
negatively when exposed to increased noise levels. However, in contrast to previous research find-
ings [9], the results from the present study showed that improved room acoustics was associated not 
only to lower objective noise levels, but also to lower perceived disturbances and lower cognitive 
stress. Consequently, the results imply that employees perceived better possibilities to make deci-
sions, concentrate, and reported having lower amount of memory loss. Interestingly, these effects 
were evident despite the short exposure time to the new condition, suggesting that the effect of a 
change in room acoustics is quite immediate. This would suggest that even a minor improvement 
made to room acoustics could impact employees perceived health and disturbances. The study 
shows the importance of focusing on the acoustical conditions in open-plan offices in order to im-
prove employees’ well-being and through means of that also organizational efficiency. Our results 
suggest that even small deterioration in room acoustical properties measured by the new ISO-
standard for open-plan room acoustics; have a negative effect on self-rated indicators of both health 
and performance. This study support previous studies demonstrating the importance of acoustics in 
work environment and suggest that the measures suggested in the new ISO-standard can be used to 
adequately differentiate between good and less good room acoustics.   

 
 
 
 
References 
[1] Boyce, P. R. (1974). User’s assessments of a landscaped office. Journal of Architectural Research, 3, 44-62. 
 
[2] De Croon, E., Sluiter, J., Kuijer, P. P., & Frings-Dresen, M. (2005). The effect of office  concepts on worker health and performance: 

a systematic review of the literature. Ergonomics, 48(2), 119-134. doi: 10.1080/00140130512331319409 
 
[3] Hongisto, V. (2005). A model predicting the effect of speech of varying intelligibility on work performance. Indoor Air,15(6), 458-

468.doi:10.1111/j.1600-0668.2005.00391.x  
 
[4] ISO-3382-3. (2012). Acoustics — Measurement of room acoustic parameters — Part 3: Open plan offices. 
 
[5] Kaarlela-Tuomaala, A., Helenius, R., Keskinen, E., & Hongisto, V. (2009). Effects of acoustic environment on work in private office 

rooms and open-plan offices – longitudinal study during relocation. Ergonomics, 52(11), 1423-1444. doi:10.1080/00140130903154579 
 
[6] Kristensen, T. S., Hannerz, H., Høgh, A., & Borg, V. (2005). The Copenhagen Psychosocial Questionnaire—a tool for the assess-

ment and improvement of the psychosocia work environment. Scandinavian Journal of Work, Environment & Health, 31(6), 438-449. doi: 
10.5271/sjweh.948 

 
[7] Nemecek, J., & Grandjean, E. (1973). Noise in landscaped offices. Appl Ergon, 4(1), 19-22. 
 

[8] Nilsson, Canto Leyton, Euronoise 2012, Acoustic Design of OPOs - Subjective judgment . 
 
[9] Perham, Nick, Banbury, Simon, & Jones, Dylan M. (2007). Do realistic reverberation levels reduce auditory distraction? Applied 

Cognitive Psychology, 21(7), 839-847. doi: 10.1002/acp.1300 
 
[10] Roelofsen, Paul. (2008). Performance loss in open-plan offices due to noise by speech. Journal of Facilities Management, 6(3), 
 202-211. doi:10.1108/14725960810885970 
 



ICSV24, London, 23-27 July 2017 
 

 

ICSV24, London, 23-27 July 2017  9 

[11] Schutte, N., Toppinen, S., Kalimo, R., & Schaufeli, Wilmar. (2000). The factorial validity of the Maslach Burnout Inventory-
General Survey (MBI-GS) across occupational groups and nations. Journal of Occupational and Organizational Psychology, 73, 53-66. 

 
[12] Sundstrom, E., Burt, R. E., & Kamp, D. (1980). Privacy at Work Architectural Correlates of Job Satisfaction and Job Performance. 

Academy of management journal, 23(1),101-117. 
 
[13] Sundstrom, E., Town, J. P., Rice, R. W., Osborn, D. P., & Brill, M. (1994). Office Noise, Satisfaction, and Performance. Environ-

ment and Behavior, 26(2), 195-222. doi:10.1177/001391659402600204 
 
[14] Zalyaletdinov, P. (2014). Sundbyberg kommunhus 
, evaluation of open plan offices acc. To  
ISO 3382-3. AcousticBulletin 

 


