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ABSTRACT 
Better speech privacy in open-plan offices can be most consistently achieved by a 
combination of quantitative design procedures and validation measurements. This has not 
always been done in the past because of the lack of convenient design and measurement 
tools. While signal-to-noise type measures such as the Articulation Index have been used to 
indicate the amount of speech privacy in North American offices, often Speech Transmission 
Index values have been used in European offices. This paper reviews the relationships 
among speech privacy measures and between these measures and the geometrical and 
acoustical properties of open-plan office workstations. Speech privacy criteria for open-plan 
offices are also related to the expected intelligibility of speech from a neighbouring 
workstation. Finally, new computer-based tools to aid in the design and measurement of the 
speech privacy in open-plan offices are described.  
 
INTRODUCTION 
The acoustical quality of an open-plan office can best be related to signal-to-noise type 
measures [1] such as the Articulation Index (AI) [2] because the primary design goal is to 
minimize the intelligibility and disturbance of unwanted speech sounds from nearby 
workstations. Although speech levels in open plan offices tend to be lower than normal voice 
levels [3], ambient noise levels must also be limited to acceptable values. If ambient noise 
levels are too low, signal-to-noise ratios will be too high and speech privacy will be 
inadequate. If ambient noise levels are too high, there may be a high level of speech privacy 
but ambient noise levels will be disturbing and cause people to talk more loudly. Previous 
studies [4-6] have led to a recommended optimum ambient noise level of 45 dBA and an AI of 
no more than 0.15.  
 
Although similar design recommendations have been available for many years, designs are 
rarely made in a quantitative manner to meet such specific criteria and even more rarely are 
they verified by post occupancy measurements. A quantitative approach would indicate the 
magnitude of successes and failures as well as lead to a better understanding of the effects of 
various parameters on the desired speech privacy.  
 
SIGNAL-TO-NOISE RATIOS  
Although the AI is included in various ASTM standards for measurements in open-plan 
offices, the ANSI standard defining it [2] has been revised and the new measure is referred to 
as the Speech Intelligibility Index (SII) [7]. Figure 1 plots measured SII values versus the 
corresponding AI values, all determined from measured attenuations between adjacent 

 ambient noise levels. SII values tend to be 
about 0.06 larger than AI values except at 
very low values where the two quantities 
both approach 0.  
 

workstation for the same speech source levels and

igure 1. Measured SII values versus 
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The AI and SII measures are frequency weighted signal-to-noise ratios transformed to have 

 
 

igure 2. Measured STI values versus 
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test sentences from conditions simulating 

igure 3. Mean speech intelligibility scores 
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values between 0 and 1. The Speech Transmission Index (STI) has similar roots but also 
includes the effects of reverberant speech as a contribution to the noise component. In 
acoustically dead conditions STI values would be expected to be similar to AI values but 
when there is significant reverberant speech sound, STI values would be systematically 
reduced relative to the corresponding AI values.  Figure 2 plots measured STI values versus 
AI values for adjacent workstations in two environments, all determined for the same speech 
source levels and ambient noise levels. In neither case was there significant reverberant 
speech sound but in the small office there would be some early arriving speech reflections 
from the walls of the office.  
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Listening tests determined the intelligibility of 
transmission from an adjacent workstation. Figure 3 plots mean speech intelligibility scores 
versus the SII and AI values of the conditions [8] aggregated in 0.05 intervals. The shaded 

area indicates desired conditions with AI ≤ 0.15 (approx. SII ≤ 0.20). By re-measuring the 
experimental conditions, it was possible determine STI values for each condition and to relate 
mean speech intelligibility scores to these STI values as shown in Figure 4.  
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EFFECTS OF OFFICE DESIGN PARAMETERS  

his section presents the results of measurements of systematic changes to key open-plan 

igure 5 plots the effects of varying the ceiling absorption for measurements between 

 

igure 5. Effects of varied ceiling 
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TI values (upper graph) and effects on 
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creased absorption, in this case for the workstation panels, leads to lower AI, SII and STI 

alues and to improved speech privacy. The lower plot shows that when the sound absorption 

 
 

igure 6. Effects of varied panel 
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T
office design parameters. These were previously analyzed in terms of measured AI and SII 
values [9]. New analyses of impulse response measurements made at time of the original 
measurements have made it possible to also show the effects of parameter variations in 
terms of STI values. Although the complete STII includes the effects of reflected speech 
sounds as well as speech and noise levels, it is possible to consider the effects of reflected 
sound separately. STI values were first calculated from the impulse responses without any 
significant noise level. Because the measurements were made between two adjacent 
workstations in an acoustically dead space the amount of reflected sound energy is quite 
small and the partial STI values from the impulse responses only (referred to as STI(imp)) are 
very high (typically 0.90 to 0.98). In spaces with significant reverberant sound these STI(imp) 
values could be much lower.  
 
F
adjacent workstations with all other parameters constant. Ceiling absorption is described in 
terms of the sound absorption average SAA [10]. The upper plot shows that AI, SII and STI 
values decrease with increasing ceiling absorption corresponding to increasing speech 
privacy. Although the results for AI and SII follow parallel trends, the STI values vary slightly 
less rapidly with increasing SAA. The lower graph of the figure shows that the reflected sound 
component does not vary and STI(imp) values are almost constant with varying ceiling SAA.  
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tion panel absorption are shoIn Figure 6 the measured effects of varied workst
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v
of the workstation panels is increased, the STI(imp) values also increase. Although one might 
expect this to correspond to decreased privacy, the larger effect that reduces transmitted 
speech levels will decrease complete STI values and increase privacy as shown in the upper 
graph. Thus using STI measurements can provide a more complete understanding of the 
conditions but could be confusing.  
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The effects of the workstation plan size and panel height are illustrated in Figure 7. For these 
easurements between two adjacent square workstations, increasing the workstation plan 

 

 

igure 7. Effects of varied panel 
eight in terms of AI, SII and STI 
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n workstations was developed [11-14] based on image sources principles. 
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size (length of one side of the workstations) leads to reduced transmitted speech levels and 
hence lower AI, SII and STI values as shown in the lower graph of this figure. However, the 
upper graph in Figure 7 shows that the AI, SII and STI values are more sensitive to the 
variation in panel height. Increased panel height reduces the levels of diffracted speech 
sounds from the adjacent workstation and hence reduces AI, SII and STI values leading to 
improved speech privacy.  

 0.5

 

 
 
 
 
 
 
 
 
F
h
values (upper graph) and effects 
workstation plan size in the lower 
graph.   
 
 

 
NEW TOOLS  
T
propagation betwee
Because all important sound paths are included, this model has been found to agree well with 
measurements in real offices. The model has been incorporated into an easy to use computer 
program, COPE-Calc that is available without charge [15].  
 
The other tool that is needed to improve the acoustical co
c
design. Such a tool is being developed and measures AI, SII and STI values within open-plan 
offices using and impulse response technique. This makes it possible to measure STI values 
as well as AI and SII values and is also intended to make it possible to make measurements 
during the daytime when the office is occupied.  Because measurements are more rapidly 
made, studies such as the contours of AI values shown in Figure 8 can be obtained to help 
understand sound propagation in open-plan offices.  
 
CONCLUSIONS 
F
offices is most like
measurement tools now make this conveniently possible. Using STI values rather than AI or 
SII values makes it possible to evaluate a wider range of conditions that include significant 
amounts of reflected sound in the office space. However, conditions in spaces with significant 
reflected sound will not meet the desired speech privacy goals.   
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Figure 8, Contours of AI values for propagation from workstation #4 to workstations #3 a  #5 

from measurements at 0.30 m intervals. (Figure shows part of a 6 workstation open-plan 
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