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ABSTRACT

The Irrelevant Sound Effect (ISE) is consideredbéoof great practical importance to real-life wtakks,

like in open-plan offices. The knowledge about phgsical parameters determining the ISE has alea be
implemented in national and international standatetermining the physical set values for the agoust
design of open-plan offices. However, it may bestjopeed whether this phenomenon, which stems from
basic research in cognitive psychology, can easilgeneralized to office environments. Simplifieati and
means of control applied to laboratory experimeguarantee for reliability and internal validity dfe
experimental results. However, external validityyrba questioned. Details of the real life environtrraust

be properly considered. This paper focusses orrdlevance of specific sound conditions. Results are
reported which address the relevance of the nurgbader and location of speakers for the ISE &eari
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1. INTRODUCTION

It has often been shown that presentation of bamkgd sound, in particular background speech,
leads to an impairment of verbal short-term mempgyformance, even so the memory task is
presented visually and the background sound isasgxpto be ignored (for a review see 1, 2, 3). The
term Irrelevant Sound Effect (ISE) was chosen fois tphenomenon (4). It is triggered by a
combination of memory tasks where items have teebgembered in strict serial order and background
sounds which are acoustically changing. This isntt the changing-state effect (5). The ISE is
explained by the interference by process accounauditory distraction, which relies on the
assumption that serial processing of the itemdiefrhemory task collides with the automated serial
processing of the background sound (6, 7). Recetitty phenomenon could be analysed more
accurately by separating between changing-statedandhtion effects as different means of auditory
distraction. This finding has been termed the dupleory of auditory distraction (8, 9).

The ISE is considered to be of great importanceeteryday performance at workplaces like
open-plan offices (5). This led to an implementatad physical set values for the acoustic design of
open-plan offices in the 1ISO 3382-3, which are awtad to physical parameters determining the ISE.
The intelligibility of speech produced by colleague distant work stations in an open-plan offige i
considered to be connected to the decline of perdoice. Based on a review of empirical studies of
background speech on cognitive performance, HoodiEd) developed a model for the prediction of
the disturbance impact of background speech as@ifn of the so-called speech transmission index
(STI). The STI determines the quality of speecmdsraission on its path from the speaker to the
listener (11). This measurement for the intelligtipiof speech can vary between 0 and 1, where 0O is
“absolutely unintelligible” and 1 is “perfectly ialligible.” It is assumed that with increasing STI
and thus increasing intelligibility of the backgralispeech — the disturbance impact increases. The
distraction distance £) is used as an easy to handle measure for theai@h of the acoustic quality
of open-plan offices. It describes the distanceaters, where the STI falls below a value of OronkF
this distance to the speaker, the disturbance itrglaauld be lower and it should decrease even éurth
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as distance further grows. The radius of distrac{ig) is connected to the STI — and thus to speech
intelligibility — as it describes how well a speesifynal’s intelligibility is attenuated on its spetway

to the listener’s ears due to the acoustic roomraxttaristics and the existence of sound absorbing a
well as insulating materials or sound masking retigely.

There is also a remark within the 1SO 3382-3 whioldicates that the negative impact of
background speech may diminish or even vanish litiple speakers are present. This assumption is
based on basic research findings on the ISE. Itsta@svn by Jones and Macken (12) that the ISE is
diminished if at least four speakers are preseiut that error rates continue to decline when the
number of speakers is raised to 5 or 6. Similaultsshave been reported by Kilcher and Hellbriick
(13), who found reduced error rates with 8 backgrbuoices. A study by Kittel, Wenzke, Drotleff and
Liebl (14) tried to transfer these findings to atperimental setup which is closer related to a real
workplace setting. Here, it was tested whetherbihleble of 6 distant speakers can mask a disruptive
speaker who is placed close to the receiver. Theeedn open-plan office was simulated and the
auralised acoustics were presented to test pergoadaboratory experiment. The results showed a
significant trend towards an improvement of verffabrt-term memory performance when the number
of babble voices increased from 1 to 6. Howeveis important to mention that the same voice data
was used for the speaker and the babble voicestiaually the latter were all located at the same
position in the simulated open-plan office. Thisamg that the frequency characteristics were idahtic
and the babble voices could not be locally sepdr#lies the masking effect may be exaggerated as
compared to a situation with different voices dtetient locations.

It may be concluded so far that the knowledge ablo@tiSE is mainly based on basic research in
cognitive psychology and it relies on experimemntbgere the effects of single speakers or artificial
sounds were tested. Recommendations for the desigrorkplaces are derived from these results.
However, acoustics in open-plan offices usually pase multiple different speakers which are
locally separated within the office. Thus two expents are reported which investigate the relevance
of the number, gender and location of speakershierlSE to arise or rather to diminish.

Experiment | is aligned to the investigation bytkitet al. (14) but the number of babble voices is
raised to 12 and the male speaker voice is corttlast a female speaker voice.

Experiment Il explores the role of spatial locatimncontrasting the effect of 1 speaker voice and
5 babble voices in one location to the effect bibble voices with a horizontal separation by agl@n
60° each.

2. EXPERIMENT I

2.1 Participants

A total of 19 students (7 female, 12 male) from thaversity of Stuttgart aged between 20 to 28
years (Md = 23) voluntarily took part in the expeeint. A small allowance was paid for participation.

2.2 Materials

The acoustics of an open-plan office was simulatgidg ODEON room acoustics software. The
modelled room is characterized by a spatial dea#s of speech (Ps) corresponding to 4 dB (A) and
by a sound pressure level of speech at a distahdeno (L, o s) corresponding to 50 dB (A). The
distraction distance {) is 6.2 meters. A background noise with a decrdmé® dB per octave band
and a total level of 38.9 dB (A) was applied. Theaker was placed at a distance of 2 meters frem th
receiver. The babble voices were all positionethatsame location 8 meters away from the receiver.
For both the speaker voice and the babble voiceslated sentences of the German HSM speech
intelligibility test (15) were used. The male speestgnals were adjusted to correspond to the sound
power spectrum of normal speech according to ISB233 Since the HSM speech intelligibility test
is only available with a male speaker the sentemgEe also read by a female speaker and recorded.
Figure 1 depicts the simulated open-plan office.

Page 2 of 8 Inter-noise 2014



Inter-noise 2014 Page 3 of 8

Figure 1 — Schematic view of the simulated opem-plffice (R = Receiver, S = Speaker, B = Babble)

In total 10 sound scenarios were tested which ascidbed in table 1. The sound level of the
speaker voice was adjusted to 49.6 dB(A) and tlkdpaund noise was 38.9 dB(A). The sound level
of the babble voices increased with a growing nundfebabble speakers corresponding to a real
multiple speaker situation.

Table 1 — Description of sound scenarios (Sceraigathe reference condition, which is silence.rfacie 4

was generated without the background noise)

Scenario  Number of Speaker Sound level Total sound  Signal to noise STI
babble voice babble voices level ratio
voices (dB(A)) (dB(A)) (dB(A))
1 (Silence) - - - - - -
2 0 male - 50.0 10.7 0,61
3 1 male 42.9 51.0 5.2 0,49
4 1 male 42.9 50.7 6.7 0,53
5 1 female 42.9 51.0 5.2 0,51
6 2 male 45.9 51.6 2.9 0,43
7 4 male 48.9 52.6 0.3 0,35
8 6 male 50.7 53.5 -1.4 0,30
9 6 female 50.7 53.5 -1.4 0,37
10 12 male 53.7 55.5 -4.1 0,23

2.3 Procedure

The experiment was conducted in the indoor enviremniaboratory of the Fraunhofer Institute for
Building Physics. Each participant performed a dggian task under presentation of a balanced order
of all background sound scenarios. A random secgi@hd¢he digits 1 to 9 was presented. Each digit
was shown individually for 300 ms and the interstias interval was 700 ms. The digits had to be
remembered in the strict order of presentationrafteetention interval of 8000 ms. Participant®als
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had to rate the perceived loudness and annoyaneges/ sound scenario and the NASA-TLX (16)
guestionnaire was used. Additionally a sentencelligibility test was applied. The experiment was
run on iIMAC computers using Psyscope version X B6i7 the digit span task and the speech
intelligibility test. The software Limesurvey wassad for the questionnaires. All sounds were
presented via Sennheiser HD 280 Pro headphones.

2.4 Results

Figure 2 depicts the observed error rates duringgssing of the digit span task under presentation
of the different sound scenarios. Performance dusitence is best and it is worst if only the sparak
is audible. The data of the subjective ratings emelligibility test is not reported here.
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Figure 2 — Mean error rates and standard errdiseinligit span task depending on sound scenario

A single factor (Sound) repeated measures ANOVA wasducted and revealed a statistical
significant effect of the factor Sound (F(9, 1621#%62; p < .01n2 = .204). One-tailed t-tests with
Bonferroni-Holm correction were calculated to comgavery condition to the silence condition. The
results are shown in table 2.

Table 2 — Results of pairwise comparisons (t-tests)

Comparison t df p
silence — male -8.14 18 <.01
silence — female 1 babble -4.85 18 <.01
silence — male 1 babble without noise -4.62 18 <.01
silence — male 1 babble -3.86 18 <.01
silence — female 6 babble -2.51 18 <.05
silence — male 6 babble -2.29 18 <.05
silence — male 4 babble -1.99 18 >.05
silence — male 2 babble -1.36 18 >.05
silence — male 12 babble -1.27 18 >.05

It is surprising to see that there are no signiitadifferences between silence and male 4 babble as
well as silence and male 2 babble but that thegesmificant differences between silence and rBale
babble as well as silence and female 6 babble.epvase decrease of error rates connected to the
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stepwise increase of babble voices was expectedeMer, the largest abatement of error rates is
observed when 12 babble voices are presented. Thatso no significant difference between male 6
babble in comparison to female 6 babble (t(18) 430p > .05) which points to minor importance of

the speech spectrum with regard to the ISE.

3. EXPERIMENT I

3.1 Participants
A total of 21 students (9 female, 12 male) from thaversity of Stuttgart in the age of 19 to 46
years (Md = 24) voluntarily took part in the expeent. A small allowance was paid for participation.

3.2 Materials

Figure 3 depicts the experimental setup in the amdenvironment laboratory. In total 4 sound
scenarios were tested which are described in tabldée speaker voice and 5 babble voices werereithe
presented in one location from an angle of 0° @ %hbabble voices were horizontally shifted by an
angle of 60° each.
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Figure 3 — Schematic view of the experimental s@iuthe indoor environment laboratory (R = Receiver
S = Speaker, B = Babble)

The sound level of the speaker voice was adjustd@10 dB(A). The 5 babble voices were adjusted
to add up to 48.0 dB(A) which means their indivitliewel was about 41.0 dB(A). The level difference
between speaker voice and single babble voicesapplied to account for the assumed differences in
distances between a close speaker and more diséduiiie voices. However, since the five babble
voices add up to 48.0 dB(A) a signal to noise rati® dB(A) between the speaker and the babble
voices is realized when they are all presented faonangle of 0°.

Table 3 — Description of sound scenarios (Scerarsathe reference condition, which is silence)

Scenario Description Total sound level
1 Silence -
2 1 speaker voice (0°) 48.0
3 1 speaker voice (0°) and 5 babble voices (0°) 051.
4 1 speaker voice (0°) and 5 babble voices (600;,1230°, 240°, 300°) 51.0
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3.3 Design and Procedure

The experimental task corresponds to Experimentlaso the same questionnaires were applied.
The order of presentation of the different soundnsecios was again balanced. The sounds were
presented with the 3 D audio system based on tineipte of wave field synthesis. Participants were
seated in the middle of the room.

3.4 Results

Figure 4 depicts the observed error rates duringgssing the digit span task under presentation of
the different sound scenarios. Performance durilegnee is best and it is worst if only the speaiser
audible.
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Figure 4 — Mean error rates and standard errdfseinligit span task depending on sound scenario

A single factor (Sound) repeated measures ANOVA wasducted and revealed a statistical
significant effect of the factor Sound (F(2.1, 41=312.41; p < .01y2 = .383). One-tailed t-tests with
Bonferroni-Holm correction were calculated to comgavery condition to the silence condition. The
results are shown in table 4.

Table 4 — Results of pairwise comparisons (t-tests)

Comparison t df p
silence — speaker -5.31 20 <.01
silence — speaker 5 babble voices (60°, 120°, 1BWD?, -3.84 20 <.01
300°)
silence — speaker 5 babble voices (0°) -3.47 20 01<.

It is surprising to see that there is a significdifterence between silence and speaker 5 babble 0°
So there is no hint towards a relief from the ISEtbe babble voices. There is also no significant
difference between speaker 5 babble 0° in comparisospeaker 5 babble 60°120°180°240°300°
(t(20) = 0.23; p >0.5) which was expected from tinelings reported in literature so far.

4. CONCLUSIONS

It was shown in Experiment | that the presenceisffastht babble voices can diminish the disruption
of verbal short-term memory caused by a speakenever, the pattern of results is inconsistent since
there is no linear relationship between the nunabeipeakers and the diminution of error rates. €her
is also no difference between a male and a fenmdalser voice but this might be due to the fact that
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six babble voices were not enough to establisldaaton of the ISE. It may be concluded at thisnpoi
that the number of speakers necessary to achiedistimct effect is higher than was reported in
literature so far.

In Experiment Il no difference was found betweea $ingle speaker voice and the single speaker
voice accompanied by the 5 babble voices. Themmielief from the ISE and the local separation of
the babble voices yielded no additional effect.sTtesult is unexpected. However, it follows from
Experiment | that a higher number of babble voieéght be necessary to establish a reduction of the
ISE. So it is necessary to conduct further expenitm&vith a higher number of babble voices to furthe
investigate the relevance of spectral differences lacation of speaker and babble voices.

From a practical viewpoint the reported results sbaw question the STI as a physical set value
for the evaluation of the acoustic quality of op#an offices. A radius of distractionpfr< 4m can
hardly be achieved in open-plan offices with uswalm acoustical measures. However, the results of
Experiment | indicate that even lower STI valueastld.5 are necessary to establish a stable retief
the ISE. It follows from this that the STI value ih is used to determing should be smaller than 0.5.
Then again g will increase dramatically beyond 4 m and hardly amorkplace within a usual
open-plan office will be placed outsidg Additionally it seems that the relief from theB®y babble
voices is something that will hardly be found ire thield, because such a high number of concurrent
babble voices can only be found in very large @ievith a high rate of communication work. It may
be concluded from this that the findings from basisearch laboratory experiments cannot easily be
transferred to workplace settings. The specificrabteristics of the workplace settings must be
reconsidered and investigated.
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