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Summary

The perceptual evaluation of sound quality is a necessary step to de�ne acoustic speci�cations for

industrial products. However, usual procedures for this include experimental tasks where the par-

ticipants are asked to perform their perceptual judgment while paying exclusive attention to the

produced sound. As far as air-treatment systems (ATS) are concerned, this kind of task is not repre-

sentative of the normal listening conditions. Indeed, ATS users are hearing the sound while performing

other tasks that require partially or entirely their attention. In this study, a dedicated procedure was

designed in order to address the in�uence of the listener's attention towards the judged sound. This

procedure includes a subsidiary task on the purpose of shifting the listener's attention away from

the sound. Participants were then asked to evaluate a posteriori the acoustic comfort in terms of

how much the sound interfered with the subsidiary task. The results of this experiment as regards

sound preferences were �nally compared to those obtained without the subsidiary task. This study

was conducted through the Vaicteur Air2 project supported by OSEO.

PACS no. 43.66.Lj

1. Introduction

Sound quality evaluation has been an issue of great in-
terest in many studies due to important applications
in the industrial world. Indeed, acoustics is nowadays
of signi�cant importance for companies because con-
sumers' choice criteria include, among other things,
the acoustic comfort associated with the product, in
the present purpose the air-treatment systems (ATS).
In order to di�erentiate themselves from competitors,
manufacturers are now inclined to follow a process of
�sound design� [1] in which sound quality evaluation
is a critical step in de�ning the acoustic speci�cations
of the product. Thus, they try to de�ne to which ex-
tent perceptual parameters a�ect the annoying, intru-
sive or unpleasant character of the sound produced by
an object designed for a particular function and not
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speci�cally created to have a �nice� sound, unlike mu-
sical instruments for example.

Many studies addressing sound quality evaluation
are found in the literature. However usual experimen-
tal methodologies put listeners in a particular con-
dition where they have to perform their judgement
while listening attentively to the sound. For the spe-
ci�c case of ATS, this condition is rather unrealistic.
Indeed, in a real environment, ATS users judge the
sound emitted by the ATS as a source of intrusion in
their everyday life. As a consequence ATS users do
not listen carefully to the sound but are nonetheless
annoyed when it interferes with their current activity.

The aim of the present work is to address the ques-
tion of how di�erent annoyance judgements are be-
tween an attentive listening condition and a condi-
tion where listener's attention is shifted away from the
sound. This implies the inclusion in the experimental
procedure of a subsidiary task aiming to take over
the attention of the listener so that he/she is unable
to focus on the sound. As far as psychological acous-
tics is concerned, though the use of such a subsidiary
task is sporadic in the literature, a few examples of
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experimental procedures in a multi-task context ex-
ist. Although their subject of interest is very di�erent
from that of the present work, Suied et al. used a
subsidiary task to measure precisely reaction times to
warning sound [2]. The subsidiary task consisted in
following with the mouse a moving dot on the screen.
In an older study [3] Susini and McAdams used a sub-
sidiary task of memorization of digit sequences when
trying to perceptually measure the overall loudness of
time-varying sounds.
This paper describes the experimental work con-

ducted in order to compare the annoyance judge-
ments obtained in usual attentive listening conditions
to those obtained with a multi-task procedure.

2. Experiment description

The experimental methodology of the work described
here is strongly inspired by the study of Susini and
McAdams [3]. A dedicated procedure was speci�cally
designed in order to shift the listeners' attention away
from the sound that was being played and to ask
them to perform their annoyance judgement once
both the memorization task and the sound playback
had stopped.

2.1. Stimuli

The stimuli set corresponds to a fraction of the larger
dataset of ATS sound recordings established in a pre-
vious study [4]. Five sounds out of the 8 used in
this previous work were selected. Each sound corre-
sponded to a di�erent ATS. The reason of this dataset
reduction lies in a necessary trade-o� between ex-
periment duration and the number of sound evalua-
tions required by the procedure described below. Each
sound had been previously recorded by AKG C451B
cardioid microphones in a semi-anechoic room. More-
over the listeners' judgement should not be based
upon loudness variations. Consequently the sounds
had been experimentally equalized in loudness with 5
participants. Finally the duration of the sounds cor-
responded to that of the memorization task, which
is between 50 and 70 sec. according to the listener's
promptness at entering the digit sequences.

2.2. Apparatus

The experiment was performed through a Labview
2010 Graphical User Interface (GUI) handling sound
playback and recording of the listeners' response data.
The sounds were played through an RME Fireface
800 audio interface and Sennheiser HD650 Pro head-
phones in an IAC double-walled audio booth.

2.3. Participants

Twenty-nine participants (20 men, 9 women, aged be-
tween 20 and 25) volunteered as listeners for this ex-
periment, all of which reported having normal hear-
ing.

2.4. Procedure

At the beginning of the experiment, participants were
given written instructions presenting the context of
the study and explaining the task to accomplish. They
had to perform 2 successive tasks.

In the �rst one, digits were displayed one by one on
the screen thus forming a sequence to be entered with
the keyboard at the end of the digits display. After
validating, another sequence was presented and had
to be memorized, and so forth until the time limit
was reached. The time limit was 20 sec. and did not
include the display time (only the time for entering
the digits and validating was counted). The duration
of the display time could vary since it was related to
the number of sequences displayed which depended
on how fast the listener's responses were. The mem-
orization task lasted 50 to 70 seconds overall (diplay
time and response time). The �rst sequence was made
out of 4 digits. It incremented each time the partic-
ipant answered correctly to 2 sequences of the same
length. An ATS sound was played through the head-
phones over the whole duration of this task, except
for a silent condition where no sound was played. This
silent condition was used in order to observe a possible
in�uence of the presence of sound on the performance
in the realization of the memorization task

At the end of the allotted time, the second task
consisted in evaluating how much the sound interfered
with the realization of the �rst task on a 5-item cate-
gorical scale. The 5 items were labeled with the French
equivalent of `not at all', `a little', `fairly', `much', and
`very much'. It is important to note that the sound
was not played during this task anymore, and that the
participant had no means to listen to it again. More-
over, the participants were only asked to perform this
task when a sound had indeed been played during the
memorization task, which is not the case of the silent
condition mentioned above.

These 2 tasks were repeated 3 times for each of
the 5 sounds in a random order, but each successive
memorization task for the same sound was necessarily
separated by a memorization task with another sound
(or with no sound). The silent condition was repeated
5 times. Thus 20 successive alternations of the two
tasks (except for the silent condition for which the
second task was not presented) were to be ful�lled by
the participants.

2.5. Results

For each participant and each sound condition, there
are two points of interest. First, his/her performance
in the memorization task can be estimated as the
number of sequences correctly memorized in the al-
lotted time, averaged over the 3 or 5 presentations of
the same sound condition. Second, his/her evaluation
of the degree at which the sound interfered with the
realization of the memorization task (for ATS sound
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conditions only) is averaged over the 3 presentations
of the same sound condition.
As for the �rst point of interest, none of the partic-

ipants exhibited a signi�cant in�uence of the presence
or absence of sound on the performance in the memo-
rization task. Their performance did not show strong
variations between the di�erent ATS sounds either.
As for the second point of interest, there are strong

variations among participants and no signi�cant dif-
ference can be observed between the evaluation of
each sound. As a consequence, it is necessary to
look at how scattered the individual evaluations are
around its mean values. For this purpose, the inter-
participant correlation matrix of the sound evalua-
tions was calculated. In order to display these cor-
relations in a meaningful manner, a cluster analysis
(see [5]) was used. First the correlation matrix was
linearly transformed into a distance matrix, with the
minimum value of `0' for a correlation coe�cient of 1,
and the maximum value of `1' for a correlation coe�-
cient of -1. This distance matrix serves as input for an
unweighted arithmetic average clustering (UPGMA)
analysis algorithm whose result is displayed through
a hierarchical tree representation shown in Figure 1.
On this �gure, each leaf (at the bottom) represents
a participant, and the height of the node (horizontal
line) that links 2 leaves corresponds to the cophenetic
distance between the 2 associated participants. The
cophenetic distance is the distance modeled by the
clustering algorithm so as to approximate the input
distance.
The tree representation shows a rather strong sep-

aration (displayed with the vertical dotted line on the
�gure) of two groups of participants. This separation
suggests two di�erent trends in the participants an-
swers that probably explain in part the high variations
mentioned earlier. As a consequence, the evaluations
will subsequently be considered separately. Figures 2
and 3 show the mean evaluations of the 5 sounds and
their standard deviations for respectively group 1 with
18 listeners and group 2 with 9 listeners (the results
of 2 of the initial 29 participants were preemptively
removed from the data because of inconsistencies).

2.6. Discussion

The results displayed in Figures 2 and 3 have to be
looked at in regards of a comparable evaluation of the
preferences of listeners among the sounds. As a refer-
ence condition, Figure 4 shows the results of an exper-
iment conducted with the same sounds in a compara-
tive study of experimental procedures to be published.
In the corresponding experiment, the listeners' pref-
erences were obtained through a paired-comparison
procedure without any attention-focusing subsidiary
task. This means that this experiment was conducted
in attentive listening conditions. The preference scale
is obtained by a linear methodology that basically es-
timates the preference degree of each sound as the

Figure 1. Tree representation of the inter-participant dis-
tance matrix.

Figure 2. Mean evaluations and standard deviations for
group 1. The values on the Y axis represent the items of
the categorical scale from '0' for 'not at all' to '4' for 'very
much'.

Figure 3. Mean evaluations and standard deviations for
group 2. The values on the Y axis represent the items of
the categorical scale from '0' for 'not at all' to '4' for 'very
much'.
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Figure 4. Mean evaluations and standard deviations
for the reference condition (paired-comparison without
attention-focusing subsidiary task).

number of times it was preferred to the others. How-
ever, for comparison purpose, the displayed scale was
adapted to that of the previous �gures.
In light of these results, one can observe that the

evaluation scale for the group 1 (Figure 2) would tend
to �t the preference scale of the reference condition in
the sense that the extreme points of the scales (ATS
1 and 4) are the same. There are a few disparities
among the three other items, but the rather high stan-
dard deviation values temper the signi�cance of the
di�erences between the corresponding mean values.
On the contrary, the results of group 2 (Figure 3)

exhibit a strong divergence from the reference condi-
tion since the rankings of the sounds according to the
scales are very di�erent. This scale could even seems
reversed when compared with that of group 1 which
support the strong disparity of the results of the two
groups and consequently of their perception of the
sounds in attention-focusing conditions.
In the end, if all participants had shown the same

global response as group 1, one could conclude that
the attention context in experimental procedures for
measuring annoyance or unpleasantness has no in�u-
ence on the results. However the identi�cation of a
minority group that shows a strong discrepancy from
the majority and that did not exist with the reference
condition prevent us from maintaining such a conclu-
sion. Thus it seems that attention context can have a
signi�cant in�uence on some listeners' judgements, at
least as far as annoyance from ATS is concerned.

3. Conclusion

A new experimental procedure was speci�cally de-
signed in order to address the question of how in�uent
the listening conditions are on annoyance judgements.
This procedure included a subsidiary task aiming at
preventing the listeners from focusing their attention
on the sounds when performing their judgement. This

particular condition is closer to that of a real environ-
ment of ATS usage, where sound annoyance is ex-
pressed through intrusion in everyday activity rather
than hedonic judgements.
The results obtained with this procedure were com-

pared with those obtained with a more common
paired-comparison procedure. It appeared that atten-
tional conditions may have a signi�cant in�uence for
a minority part of the listeners, whereas the others do
not show strong di�erences in annoyance judgements
whatever the listening conditions. It is obvious that
the number of participants to this experiment does
not allow conclusiveness, particularly for the minor-
ity group with only 9 listeners. These results would be
reinforced by pursuing this experiment with a larger
number of participants.
Another further point of interest is to wonder about

what in each sound may induce a di�erent response
of participants in di�erent listening conditions. This
question leads to the ATS sound description issue and
more precisely to the study of the timbre. Indeed,
timbre would serve as a starting point for identify-
ing sound parameters (so-called audio features) that
are responsible for these disparities.
Finally, it is important to keep in mind that the

conclusions drawn here only stand for the particu-
lar type of sound under study, that is the sound of
ATS. How much the perceptual trends observed here
would hold for other types of sounds needs to be in-
vestigated. For such purpose, it would be necessary
to reproduce such experimental work on a larger and
more diversi�ed environment sound dataset.
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