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a b s t r a c t

Within the soundscapes of open-plan offices, irrelevant speech has consistently been reported as the
most distracting, and causing performance decrements for workers. Notwithstanding this generalization,
the ‘babble’ created by multiple simultaneously active talkers can sometimes provide beneficial sound
masking, but due to spatial release from masking (SRM), speech may still be sufficiently intelligible up
to a certain number of talkers (estimated to be about four). This was explored within a highly-realistic
office simulation, where the cognitive performance, and subjective distraction of participants were
tested. The experimental design was a 4 � 2 factorial (4 talker numbers, 2 levels of broadband sound
masking, as the factors). The results indicated that within lower sound pressure level (SPL) of broadband
sound masking, multi-talker sound environments degraded cognitive tasks performance more than those
with a single talker, suggesting SRM effects. For higher SPL broadband sound masking, the cognitive test
scores were similar within the different talker numbers. The subjective distraction increased monotoni-
cally with the number of talkers, with higher distraction within lower SPL broadband sound masking.
Overall, the results call into question the single talker assumption (being the most distracting) within
the international standard for measuring open-plan office acoustic environments (ISO 3382-3:2012).
Soundscapes with 4 simultaneous talkers were still not adequately providing beneficial ‘babble’ masking,
and were more distracting than 1 active talker. In conclusion, it is suggested that the acoustics environ-
ment of open-plan offices needs better characterization by incorporating some of the complexity and
psychoacoustics of multi-talker scenarios.
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1. Introduction

1.1. Background

When compared to cellular or private office configurations,
there is mounting evidence against open-plan offices, in the form
of demonstrable dissatisfaction amongst its occupants, and a
decline in the task-based performance [1–4]. Overall, one of the
main attractions of the open-plan layout – the presumed increase
in productivity due to increased ease of interaction between the
workers, has been shown to be substantially offset by a number

of factors such as distraction due to noise and privacy issues (see
reviews in [5–7]). From the perspective of a worker engaged in
cognitively intensive tasks, it seems ironic that this major benefit
of the shared work environment and ease of interaction, in fact,
becomes the root of the problem. Intelligible speech-based com-
munication affects both the talker and the listener (active or pas-
sive) as it has the potential to distract a listener who may need to
concentrate on a task, and make a talker anxious about lack of
speech privacy. This reflects in the findings of studies showing that,
of all the indoor environmental quality (IEQ) factors, perceived
quality of acoustics scores lowest in open-plan offices, where both
intelligible speech and non-speech stimuli [7–12] have been
reported as the contributing factors.

Given the significance of acoustics in the overall perception of
IEQ within open-plan offices, the standardisation of some
speech-related room acoustics measures in ISO 3382-3 (based lar-
gely on [13]) represents a useful development. Briefly, ISO 3382-3
considers the acoustic environment in the form of speech intelligi-
bility and background noise distribution around workstations [14].
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However, there appear to be a few fundamental issues with ISO
3382-3, arising mainly from certain simplifications and assump-
tions, which may limit its applicability. Specifically, the parameters
in ISO 3382-3 are based around the assumption that the most dis-
tracting scenario in an open-plan office is one active talker, com-
pared to when more than one talker is simultaneously active.
This assumption seems to contradict extant literature regarding
the psychoacoustics of auditory distraction in multi-talker envi-
ronments (see reviews in [15,16]) such as an open-plan office.
Studies have shown that a combination of few voices that are spa-
tially seperated can be similarly distracting (in terms of subjective
ratings and cognitive performance) as a single voice [17–19]. This
paper explores the validity of single talker assumption within ISO
3382-3, by first presenting a literature review of multi-talker psy-
choacoustics, as it applies to open-plan offices. This is followed by
reporting an experiment in which hypotheses that address the
assumptions of ISO 3382-3 were tested within an open-plan office
simulation that had a realistic multi-talker sound environment.

1.2. Auditory distraction due to the irrelevant sound effect

The degree of auditory distraction and the associated decline in
cognitive performance within an open-plan office sound environ-
ment has been shown to be affected by the degree of uncontrolled
(or, to-be-ignored) audition of irrelevant sounds: the so-called
irrelevant sound effect (ISE; first studied by [20], see review in
[21]). In this regard, what makes an irrelevant sound stream dis-
tracting, consistently over time, has been encapsulated within
the so-called changing-state hypothesis (first advanced in [22]).
Within the changing-state hypothesis, the sound stream can be
thought in terms of segments, which vary in their acoustic-
perceptual properties over time (speech being a prime example).
For such segments, the extent or the degree of distraction increases
with the extent to which the segments change state within the
sound stream [23]. As an often cited illustration of the changing-
state hypothesis, a sound stream that is composed of segments ‘a
b c b c a b. . .’ has been shown to be more distractive than
steady-state sound streams ‘a a a a a a’ (e.g., a repeating tone, or
steady-state broadband noise profiles). Taking this example fur-
ther, it can be argued, as was done by Macken et al. [18] (p. 45),
that segments from individual voices in a multi-talker environ-
ment (each voice registering certain acoustic-perceptual attri-
butes) can exhibit a changing-state to elicit the ISE.

It is interesting that in the presence of an irrelevant sound
stream, the auditory system does not habituate to selectively limit
the distraction. This is presumably due to evolutionary reasons, as
a shift in relevance of the ambient sounds may sometimes require
an immediate response. This applies not only in cases where there
is an imminent danger, but also in more benign cases where the
shift implies that the hitherto unwanted sounds begin carrying
task-specific or important information. This has been typified
within the duplex theory for the irrelevant sound effect. The
duplex theory highlights the important differences between the
functional mechanisms by which the irrelevant changing-state
sound stream is assumed to cause distraction: either by
interference-by-process, or attention capture (details in [24]). The
latter relates to a momentary shift in attention from the focal task
due to an unexpected change in the sound environment, which
could contain either specific (e.g., their name being called) or gen-
eric cues (e.g., phone ringing) to the listeners. The former
(interference-by-process) has been shown to occur when the irrel-
evant sounds, or segments, compete for the same cognitive pro-
cessing resources as those required by the voluntary task within
a certain cognitive domain, e.g., serial short-term memory [25],
semantic processing [26,27]; or more typically, a combination of
cognitive domains.

Since the focus in this paper is on speech-based distraction, it is
worthwhile to briefly describe speech as a signal within the con-
text of duplex theory of ISE; how its changing-state nature varies
with the number of talkers; and the psychoacoustical literature
relating to multi-talker environments. To begin with, speech can
be considered as a ‘special’ signal with a high degree of redundancy
in its information coding, which renders it robust against many
types of system and environmental distortions, at least from the
point of view of speech intelligibility ([15], pp. 1467). Let us consider
a simple example of speech from one talker, where the energy is
generally concentrated in discrete speech tokens, or segments.
Such segments exhibit natural envelope modulations (or, rhythms)
in the temporal and spectral domains. These spectrotemporal
envelope modulations, along with the gaps between these seg-
ments typify the changing-state nature of a stream of speech,
which, of course, incorporates the audition of both relevant and
irrelevant speech.

Moving on from the simple case of one talker, adding more
voices to the signal can have the effect of ‘filling in’ (or, energetic
masking [28]) these aforementioned gaps [29]. Depending on the
extent of such filling in, adding more voices can reduce the
advantage (alternatively, reduce the disadvantage) of ‘listening
in the gaps’, which, in effect, may reduce the changing-state
effect. This is similar to adding spectrally shaped broadband
noise, which has also been shown to be effective in reducing
the ‘listening in the gaps’, or changing-state effect of speech
[23]. Such broadband noise treatment with different kinds of
spectral manipulations is generally also referred to as ‘sound
masking’ in many commercial and scientific applications [30].
The effect of adding such ‘sound masking’ was also explored in
this paper, as seen in Section 1.4. Another perspective in terms
of adding more voices to the one talker signal can be seen as
the averaging out of the modulations in individual voices, e.g.,
speech-on-speech masking over time (example of energetic mask-
ing), leading to reduced signal-to-noise ratio (SNR), and hence,
reduced speech intelligibility. Other types of masking may
include informational (i.e., semantic) [28] and, perhaps, perceptual
masking ([31] p. 119), and collectively, a mixture of many voices
essentially leads to the condition of speech ‘babble’ in the form of
multi-talker speech where the streams from individual talkers
may not be segmented enough to be considered distracting, and
are in fact beneficial [17]. In other words, speech ‘babble’ has
the potential to, in fact, reduce the ISE. In the context of the cur-
rent experiment design, primarily the interference-by-process
aspect of the ISE was more relevant, compared to the attention
capture mechanism. This will be further explained in Section 2.2.
However, what is important to consider here is that the concep-
tualisation of speech babble, thus far, has been from a largely sig-
nal perspective, while ignoring several environmental and
psychoacoustical factors; for instance, the spatial arrangement
of talkers in the multi-talker babble, familiarity with voices in a
real scenario that could aid segmentation, etc.

Within real listening environments, such as an open-plan office,
the aforementioned speech-on-speech, or babble masking, and the
purported decline in the changing-state nature of the sound stream
leading to babble needs careful qualification (the following ignores
any contextual issues such workplace dynamics and cultural fac-
tors, which are also likely to be quite important). One of the main
reasons being that, due to the spatial separation of talkers, speech-
on-speech masking is still subject to spatial release from masking
(SRM) (see review in [31] pp. 120–124) before the sound reaches
the ears (i.e., peripheral masking) [15,32]. SRM, which is essentially
a monaural effect, generally means that the extent of masking
decreases with a spatial separation between speech sources. The
binaural advantage (or, disadvantage in relation to distraction),
and headmovements can further enhance the signal-to-noise ratio,
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