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The acoustic environment in open-plan workspaces can often lead to disturbances and negative impact on
self-perceived work efficiency. One key reason for such disturbances has been shown in the literature to be
audibility of extraneous speech. There are several measures that can be used to lower the sound levels from
a speaker, e.g. screens, wall absorbers or ceiling absorbers. However, in the literature it is also shown that
the audibility, and the intelligibility, of speech is strongly dependent on the relative level of speech
compared to background noise. Sound masking is a tool that can be used to lower the speech audibility by
increasing the background noise.

The individual efficiency of these measures is difficult to establish in a general case, since there are no
available calculation models for speech disturbances in open-plan workspaces, and additionally there are
no target values available that predicts the self-perceived work situation.

This paper presents questionnaire studies made in 18 office examples where interventions on the acoustic
environment were installed. The interventions consisted of various combinations of the measures above,
and in a varying extent. The questionnaire was focused on the workers’ subjective perception of the acoustic
environment. Responses were collected before the intervention started and recollected using the same
questionnaire after the interventions were completed. The respondents had been working in a normal way
at least two weeks in the “new” environment before the “after” collection was made. In this way it was
possible to compare “before” and “after” questionnaire results to evaluate the subjective effect of the
combination of measures.

The results from the intervention cases show clear subjective effects on both perception of the acoustic
environment, and on self-perceived work efficiency. Combinations of measures were also shown to have
greater effect. Large improvements can thus be achieved with well-designed combinations.

1 Introduction

As Hongisto et al [ 1] and many more authors have shown work performance can be largely affected by extraneous speech.
One way to measure the work reduction is to use STI as an indicator, but its applicability to accurately predict low values
of speech perception (STI<0,2) is discussed and criticized. However, the basic concept used by the STI measure [2] that
audibility is related to the relative strength of speech compared to the surrounding background level can probably be used,
e.g. when applying sound masking.

The individual efficiency of these measures is difficult to establish in a general case, since there are no available
calculation models for speech disturbances in open-plan workspaces, and additionally there are no target values available
that predicts the self-perceived work situation. This paper presents the results from a direct questionnaire study that aims
at exploring direct links between practical interventions in open offices and changes in self-perceived acoustic quality
and work performance. The acoustic interventions were in each office aimed at reduction of acoustic disturbances between



workplaces. Different amounts of interventions became in place in each office because of maximum permissible
interventions from practical, economical or just the client’s plain subjective reasons.

2 Presentation of the questionnaire

A simple questionnaire consisting of eight statements was designed for the study, statements that the respondents should
answer on a 7-step scale between “I completely disagree” — “I completely agree”. The statements were:

Conversations between colleagues disturbs me in my work

Sound from ventilation, computers or other technical sources bother me in my work
The sound environment allows me to work efficiently

I hear clearly when colleagues are speaking, even though they are far away

I feel that the sound environment is comfortable

The noise level in the workplace is too high

I can do my job unhindered even when the closest colleague speaks on the phone
Traffic noise or outside sounds bother me in my work
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An additional free text field for comments was also included. The questionnaire was presented to all members in an office
or work group using a digital form. This way the respondents’ replies could be collected in an efficient manner.

3 The test offices

In total, 18 offices were included in the study. Some of them had several parts or groups, leaving in total 25 test cases.
All offices came in contact with the authors since they wanted help with the office acoustics, and many of them did have
acoustic disturbances by the personnel. This would indicate that the total respondent group were biased, at least to some
degree, towards perceiving acoustic disturbance. Table 1 presents general data for all the offices.

Table 1: General presentation of the test offices

Office Speech Abs ceiling Intervention points Respondents
number | Cooperation | activity | Seating before Ceiling | Wall | Masking | Screen | Before | After
1 3 2 Fixed Thin 2 2 2 0 10 16
2 1 1 Fixed Thin 2 2 3 2 4
3 2 2 Fixed No 3 2 0 0 4
4 2 2 Fixed Thin 3 3 1 2 21 21
5 1 2 Fixed Thin 3 3 1 2 10
6 2 2 Fixed Thin 2 2 0 1 36 31
7 2 2 Fixed No 3 1 0 0 18 12
8 1 1 Fixed Thin 1 1 3 1 9
9 2 2 Fixed Thin 2 2 3 0 9 11
10 1 3 Fixed Thin 3 2 0 0 8 6
11 1 1 Fixed Thin 3 2 0 0 7 4
12 2 2 Fixed Thin 2 2 0 0 15 11
13 1 3 Flexible Thick 0 3 3 0 16 16
14 2 2 Fixed No 3 3 0 0 5 3
15 2 2 Fixed Thin 2 3 0 0 11 11
16 1 3 Fixed Thin 2 2 0 2 9 7
17 2 2 Flexible Thin 2 2 0 0 7
18 2 2 Flexible Thin 2 3 0 2 13 6
19 1 3 Flexible Thin 3 0 0 3 33 29
20 1 2 Flexible Thin 1 1 0 0 30 22
21 1 2 Flexible Thin 0 0 2 0 30 28
22 1 2 Flexible Thin 1 1 2 0 30 23
23 2 3 Flexible Thick 2 3 3 2 10 11
24 2 2 Flexible Thick 2 3 3 2 19 16
25 2 2 Flexible Thick 2 3 3 2 15 14




In the table there are several numbers given in the scale 1 — 3, indicating the strength or seriousness of the parameter. The
numbers are used to group several offices into categories regarding their work, and sorting on different intervention
categories.

e  ‘Cooperation’ means the cooperation the personnel need with each other in doing their job. 1: no cooperation
needed, 3: cooperation is essential

e  ‘Speech activity’ means how much each person talks during a normal working day. 1: only occasional speech,
3: speech is essential (think call center)

e ‘Intervention points’ is the authors’ subjective grading of the acoustic effect of the intervention. 1: only little
effect, 3: Large acoustic effect.

Acoustic interventions are given in four different classes:

1. Sound absorption factor in ceiling

2. Wall absorber amount and sound absorption factor

3. Sound masking, in relation to original background sound level
4. Screening effect between workplaces

Sound masking was used at levels between Leq = 35 and 38 dBA. The number of respondents were varied between the
offices, and with few respondents in some cases.

4  Basic evaluation of the questionnaire

Only a few examples of evaluated results are possible to show here. The evaluations of the questionnaire in this paper is
made only using “agree” or “disagree” to each statement respectively. This choice is made to present the results in an
equivalent way so that conclusions are as clear as possible. All respondents with a response of at least 5 on the 7-step
scale were defined to agree with the statement, and all respondents with a response up to 3 were defined to disagree with
the statement. Figure 1 shows the overall evaluation of “agree” to the first statement. In the figure it is clear that
conversations disturb in many offices (before interventions); more than half of the offices in the study agreed to the
statement > 60 %. Conversations is clearly a large disturbance, which is in line with other studies.

Conversations between colleagues disturb me in my work
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Figure 1: Evaluated results for “agree” to statement 1. The y-axis
shows the percentage of respondents in each office case.

The response to statement 2 regarding disturbance to technical sources is shown in Figure 2. There it is clear the much
fewer of the respondents agreed to that technical sources are a disturbance than for conversations. The results for statement
8 regarding traffic noise and other outdoor sounds is similar as for technical sources, but the response is not shown here
to save space.



Sounds from ventilation, computers or other technical sources bother me in my work
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Figure 2: Evaluated results for “agree” to statement 2. The y-axis
shows the percentage of respondents in each office case.

From Figure 1 it can be stated that the interventions did improve the situations in most cases, however not in all. The
results vary between statements, but there is no office that has an agree rate over 50 % in the after situation. Many of the
offices show a strong reduction in the number of persons experiencing conversations as disturbing, and many offices
result in a response below 20 % after interventions have been added. A similar conclusion can be made when looking at
the responses to statement 3 about self-perceived work efficiency. In 14 offices more than 70 % of the respondents agree
to that the acoustic environment let them work efficiently. This is achieved by the combination of several intervention
types, most often a highly absorbing ceiling together with large surfaces with vertical absorption (wall absorbers and or
absorbing screens).
The sound environment allows me to work efficiently
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Figure 3: Evaluated results for “agree” to statement 3.

5  Comparison of different interventions

A question of interest is to explore the importance of different intervention types. One basic conclusion that can be made
from the questionnaire responses are that a combination of more intervention types give better results than only adding
e.g. wall absorbers or sound masking. Wall absorbers and sound masking is better. Are e.g. office screens more efficient
for the subjectively perceived work efficiency than ceiling or wall absorbers? One hope for the questionnaire was to get
a clear indication how efficient interventions should be designed. However, some notes on the interventions need to be



clarified. First, all offices had a good ceiling in the “after” situation. There are thus no offices where strong reflections
from the ceiling remain, so the importance of an efficiently absorbing ceiling can only be seen by comparing the before
and after situations. All offices that got screens did also get good wall absorption. There is thus no possibility to
differentiate the results attributing to screens or to wall absorbers. However, all screens used in the interventions had high
sound absorption, i.e. they also worked as efficient vertical sound absorbers.

The importance of good wall absorbers can be seen in Figure 3, where results for offices without wall absorbers are
compared offices with wall absorbers. Offices with large and efficient wall absorbers seem to reduce spoken word better,
since there are numerous offices where more than 80 % disagrees to hearing speaking colleagues. Offices without, or with
very little, wall absorbers perform less good.

The use of sound masking is often discussed. In this study we had 12 cases where sound masking was used as one
intervention, however in all but one case together with added ceiling or wall absorption. Figure 4 show the results for
statements 4 for offices with and without sound masking. The results with sound masking are similar to figure 3 with
large wall absorbers; there seems to be a higher possibility to reach good privacy (i.e. not hearing colleague’s speech) by
using sound masking.
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Figure 3: Response for statement 4 for offices with large wall absorbers (right),
and for offices with only little wall absorbers (left).
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Figure 4: Response for statement 4 for offices with no sound masking (left),
and for offices with sound masking (right).

A common fear when using sound masking for reduction of speech audibility is that sound is physically added to the
office environment, and that this would result in a perceived noisier workplace. However, as shown in Figure 5 where the
response for statement 6 regarding high sound levels in the office, the fear seems to be overrated. In general more
respondents disagree to the statement with sound masking than without. It is however important to point out that the
sound masking levels that have been used in this study are comparatively low, up to Leq = 38 dBA.



The noise level in the workplace is too high The noise level in the workplace is too high
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Figure 4: Response for statement 6 for offices with no sound masking (left),
and for offices with sound masking (right).

A highly absorbent ceiling and large wall absorbers supplemented by sound masking can be concluded to together give
good possibilities of speech audibility reduction on longer distances in an office. However, ceiling and wall absorbers are
not the most efficient intervention on short distances, as can be seen in Figure 5. There the responses for statement 7 are
shown for offices with and without screens. There are larger improvements for offices with screens in the before/after
comparison than for offices without screens.
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Figure 5: Response for statement 7 for offices with no screens (left),
and for offices with screens (right).

6 Conclusions

The results from the questionnaire study show clear subjective effects on both perception of the acoustic environment,
and on self-perceived work efficiency. This paper only presents some basic evaluations, and more work need to be done
to explore how different combinations of interventions can be maximized, and how to properly address each office’s
individual prerequisities.
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