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Comparison of some listening test methods : a case study

E. Parizet, N. Hamzaoui, G. Sabatié
Laboratoire Vibrations Acoustique, Insa Lyon
25 bis avenue Jean Capelle, 69621 Villeurbanne xCé&aance
email : parizet@Iva.insa-lyon.fr

Abstract : The goal of this study was to compare variossefiing test methods in the

particular case of nine in-car ventilation nois®s. listening tests were conducted :

- absolute evaluation of noise pleasantness;

- evaluation of pleasantness, during which the stilgecld hear all noises as often as
necessary;,

- paired comparisons (forced choice procedure);

- paired comparisons (five levels scale);

- paired comparisons (continuous scale);

- similarity ratings, analysed with a multidimensibsaaling method (Indscal).

These six tests were realised by 64 subjects.

Different items were examined for each test : gscpived and real duration, its estimated

difficulty, the accuracy of merit scores attributednoises, the perceptual spaces which could

be built and the accuracy of a pleasantness iraticaimputed from the results.

It appeared that :

- the second procedure can propose a good comprdrataeen the accuracy of the
results and the time needed for subjects to retdseest. Thus, it can be recommended for
many industrial purposes;

- however, the not-forced choice paired comparisorable a greater discrimination
between stimuli;

- perceptual spaces built from the paired comparissets and the similarity rating one
were similar, indicating a great stability of souedtures used by listeners, whatever their
task.

1 Introduction

The research of a better sound quality is from mmwwell accepted by manufacturers of
industrial objects ("sound quality" meaning that threage of the product transmitted by its
sound is in accordance with the global image that manufacturer wants to give to this
product). Listening tests constitute an essential to reach this objective, considering the
complexity of timbre elements interfering in bottetappreciation of this sound quality and
the variability of listeners' expectations.

Generally, a listening test can have several obgsxt

- Firstly, to assess or compare the pleasantnessgfefetit sounds. These sounds can
come from an object and a selection of its competit or different possible
modifications of a prototype ;

- Then, to identify the timbre aspects used by lstertio evaluate the pleasantness. This
knowledge can enable the designer to identify pessivays of improvements of the
product if he knows how to link a physical moditica to a timbre change ;

- Lastly, a criterion of the pleasantness of thisetgd noise can be defined, if sound
indicators correctly representing these timbre etspean be identified (indicators
implying measurable data from recorded signalsigdtavalues of this criterion can at
last be used as a specification for the soundneivaproduct.
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Numerous experimental procedures have been sudggesteach these objectives. Listeners
can only evaluate sound pleasantness, using a tudgreéstimation method, or a graduated
scale, or by various comparison methods. This ew@o can appear along with a
quantification of some sound descriptors (methodsefmantic differentials [1]), the
comparison between the answers for the differerdcrgors allowing to explain the
pleasantness answers. Sometimes, a first teststonsi quantifying similarities between
sounds ; the multidimensional analysis of the ansvpeovides a perceptive space, used to
explain the pleasantness, evaluated through a demqueriment [2,3]. It is also possible to
analyze free verbalizations of listeners [4] oagk to these ones to categorize the stimuli [5]
in a more psychological than psychophysical field.

This list is not at all an exhaustive one : itsdtion is to illustrate the great variety of the
suggested techniques to reach the objectives efceptive study.

While a great number of psychophysical method® hmeen compared for some fundamental
psychoacoustic matters (threshold level, just eatite difference, loudness of pure tones
etc.), that was not the case for the evaluatiorplebsantness of real sounds or for the
determination of the perceptual space in which sminds are heard. Kendall and Carterette
[6], in the case of wind instrument sounds, havesshthe benefits of the verbal attribute
magnitude estimation methods (in which unipolamargg scales are anchored by the same
attribute (e.g. loud / not loud) as opposed toclassical semantic differential procedure using
bipolar scale (with opposite terms, e.g. loud /t)sahe VAME methods gave a better
differentiation of sounds.

For industrial noises, Rossi al. [7] have evaluated the pleasantness of door dasminds
and sounds recorded in a driving car through pagechparison tests and a magnitude
estimation one. They concluded that, even thoughgimeral tendencies shown by the two
methods were the same, some discrepancies remiaittezlresults.

Such a conclusion was not confirmed by Zeitler &welbriick [8] who used bipolar and
unipolar scales, and magnitude estimations withwithout reference to evaluate the
pleasantness of sounds originating from various cgsur(musical instruments, home
appliances, car engines or environmental sound=uli given by these methods were very
similar; but it should be noted that the very widage of sounds could make such an
agreement easier.

In the precise case of a Diesel engine idle ndfaejzet and Nosulenko [9] used sound
descriptors, derived from the analysis of a vedadilon test, to define different scales in a
paired comparison test. The various sound desonigti as given by the analysis of
verbalizations and their measurement on the soakse also quite similar.

Considering that there is a lack of comparison ketwpleasantness evaluation methods, the
goal of this study was to make such a comparisomhe precise case of the car ventilation
system noise and for some of the available metbatls More precisely, two questions were
asked :

- can some listening test procedures be compare@égesd to their accuracy in the
evaluation of the pleasantness of sounds, thecdif§i of the listeners task and the
duration of the test session ?

- is it possible to identify the perceptual space soiunds through pleasantness
evaluation or comparison only, without conductingimilarity rating test ? If this is
true, the overall duration of the experiment carctesiderably reduced.
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2. Experiments

2.1. Simuli

Nine auditory signals were used. They were recotdeasugh a dummy head placed on the
driver's seat of four luxury cars, while the engmas off and the ventilation system of the
cabin was running in different settings (heatingaar conditioning, various fan rotational
speeds, etc). In the whole set of recordings, the selected signals have similar loudness
levels : the maximum difference between them is than 1 dB(A), or 1 Phone when using
the 1ISO 532B loudness calculation. Actually, sigaift loudness differences could have lead
listeners to evaluate or compare sounds on the lbhsoudness alone, regardless of the test
procedure applied. That would have prevented ua fromparing these procedures; therefore,
it has been decided to use sounds with nearly égudhess values.

Each of the nine selected signals had a duratidd a(feconds, including an initial and a final
200 ms fading. They were presented to listeneutiir headphones (Sennheiser HD600), in
a listening room isolated from exterior noise, rabaerage level of 74 dB(A).

2.2. Test procedures

Signals were evaluated through six different testcgdures T1 — T6. Five of them were
focused on the evaluation of the pleasantnessurfdso:

- T1: sounds were presented to the listener one byFarst of all, the listener had to
listen to all sounds at least once, in order ta@gipte the context of the test. Then the
evaluation began: after listening to each soundnfasy times as necessary), the
listener was asked to evaluate its pleasantneascontinuous scale, going from "very
unpleasant” to "very pleasant". The scale was ptedeon the computer's screen and
the answer was given by moving a cursor with the seo&ounds were presented to
the listener in a random order;

- T2 : sounds had to be evaluated using the same Jdaedifference is that the nine
scales were presented on the screen. Beside ealehvgas a button allowing the
listener to hear the corresponding sound. In theat, the listener could compare the
different stimuli before giving an answer for eaoh them. This was a mixed
procedure, between evaluation and comparison, whield been introduced
independently by Bodden [10] and Maunder [11] ia fileld of noise evaluation;

- T3 : this test was a forced choice paired comparisdier listening to a pair of
sounds (separated by a 500 ms silence), the sutgelcto choose the most pleasant
one, so that only two answers were proposed to Time. set of pairs (their number
being 36) was ordered according to Ross series [@f#r a preliminary random
arrangement of the nine sounds. The listener wispstsented the whole set of
sounds before starting the test and could hear gaiclas often as he wanted to;

- T4 was also a paired comparison; the only differenite the previous test was that
the listener had the choice between five answé&ssund A is much more pleasant”,
"A is more pleasant”, "A and B are equally pleasant so on;

- T5was another paired comparison test, the answeglggven on a continuous scale.
The scale was divided into four equally wide intdsvwith the same categories as
used in T4 denoting the interval limits. The refsthe procedure was the same as for
the third and fourth tests.
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The sixth procedurg&6 was dedicated to the rating of the similarity ofisds within a pair.
The listener had to give his answer on a continsoate, the extremities of which are labeled
"sounds are very similar" and "sounds are veryedéffit". The ordering of the sound pairs was
the same as the one used for the paired compdestm

Each of the different test procedures was conduftted a computer, which recorded the
answer (as a number between 0 and 1), the numbesteriings of each sound (or pair of
sounds) and the duration of the test.

Figure 1 shows the different answering scales ¢felsix listening tests.

Very Very
unpleasant pleasant
Listento |
Sound 1 S
3 )
L} °
Listen to E. : T2
Sound 2 S o
> &
(] Q
Listento | = = 2
Sound 3 P
A more B more
pleasant pleasant T3
A much A AandB B B much T4
more more equivalent more more
pleasant pleasant pleasant pleasant
A much more A more Aand B Bmore B much more
pleasant pleasant  equivalent pleasant pleasant T5
Sounds are Sounds are
very different very similar T6

Figure 1 : answering scales of the six listening tests (for T2, only three out of nine scales are
shown).

2.3. Subjects

Optimally, each listener would have achieved tixelistening tests in a completely balanced
order. That was not possible, because the numbdatefers would have been far too high (it
would amount to 6! = 720). So it was decided topdify the strategy in the following way :
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- each subject participated in two test sessionsh Bassion consisted of three tests and
both sessions were separated by one week;

- the two evaluation tests T1 and T2 belonged to difierent sessions. As the tasks
required by these two procedures were the samejigkevould have been a great
similarity between the answers;

- for the same reason, the paired comparisons T4Ta&ndor which the answers were
given on a five levels scale or on a continuous ditenot belong to the same session;

- lastly, T1 and T2 were passed at the beginning theaend of a session, in order to
appreciate the influence of the noise habituatiotheir evaluation.

In such a way, the number of possible combinatwas reduced to 64, which is affordable.
64 subjects had therefore participated to the éxyt, each of them being submitted to the
six listening tests. Most of these subjects wendestts, their age varying between 22 and 46
(average 24); 46 of them were male. They were paiBuros for their participation.

After each test, the listener was asked to evalistiength and difficulty. The answers were
given on continuous scales graduated in five lewgpdéng respectively from "very short" to
"very long" and from "very difficult" to "very easyespectively. Then he had a rest for some
minutes before going on for the next listening.té$ter having achieved the first session, he
was asked to come back one week later for the sesession.

3 Results

3.1. Test duration

In figure 2 the averaged estimated duration of d@ashis shown. T1 and T2 (evaluation of
sounds) were estimated as "rather short" onessbgnkrs, whereas the paired comparison
ones seemed to be "rather long". An analysis abmae showed that the estimated duration
of T1 and T2 were different at the confidence leg€lp<0.01, which was not the case
between the paired comparison tests.

The averaged real duration of the test is alsogntesl on the same figure (for each subject,
the duration was recorded by the computer runniregtést). The narrow relation between
physical and subjective duration is obvious : thpar limit for a test not to be evaluated as a
long one is about 15 minutes.

very 24
long

long +---------- AT e o Yoo Y o - 18

medium+ - ---------- /oo oo F12

—o— estimated duration

st LE R N e -6
short —e— real duration

real duration (mn)

very | ‘ w ‘ : 0

short 4 ™ K T4 ™ 6

test procedure

Figure 2 : estimated and physical duration of the six listening tests
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3.2. Test difficulty

Figure 3 shows the average estimated difficult@ath test. These results are very close to
one another ; but an ANOVA revealed that T6 (sintifaratings) was more difficult than all
the other ones (at p<0.05 for T5 and p<0.01 forfitilse four tests). The rating of similarity is

a more difficult task than the comparison or thaleation of pleasantness.

very
diffic.
diffic. -

medium-
-T2 3
very
easy T ™ K T4 5 6

test procedure

Figure 3 : estimated difficulty of the six listening tests

For a paired comparison test, another way of esingats difficulty consists in computing
the number of circular triads. For a forced chqgicecedure as in T3, this number can be
computed from [12]

_ bty T
= (D3 (1)

where
t is the number of sounds (here 9);

9
T= Z(ai —a), whereg is the merit score of soungdand a is the average of the

i=1

: . __t(t-1)
merit scores (respecting the relatiars T)'

For T4 and T5, the number of circular triads wampoted by examining all the possible

sounds triads, as described in [13].

The averaged rates of circular triads were of 7.80#6T3, 5 % for T4 and 9.7 % for T5.
Therefore, the 5-level scale procedure allowecthuce the number of errors in triads; a one-
way repeated measures ANOVA revealed that therdiffee between T4 and the other two
procedures was significant{ 13 = -3.6 andrs 15 = -5.3 , p<0.01). The fact that T4 gave less
circular triads than the two other procedures cabeoexplained : in [13], it is argued that a
forced-choice test can give more circular triadsaose the listener may perceive the two
stimuli as equally pleasant but has to select drteea. But that explanation does not hold
for T5.

3.3. Merit scores

In the continuation of the study, the merit scooéghe noises were examined after being
computed from each of the five first tests. In tase of the first two tests, these scores were
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directly computed from the individual answers, weraging these answers. For the paired
comparison tests, they were linearly computed as :

S = ,Z P )
where P is the preference probability of noiseversus noisg. As nine sounds were
compared, merit scores computed from equationg@yed between 0 and 8; therefore, the
scores computed from the first two tests were mligdl by 8, to allow the comparison
between them.
Merit scores can also be computed through othdmtguaes, the most widely used being
Thurstone's law of categorical judgements (caser\BTL model. In that study, using these
two ones gave results which were very similar toséh obtained from equation (2) (the
correlation coefficient between merit scores aahiefrom these different techniques was
greater than 0.99 for each listening test). Thigpeas in many cases, as soon as most of
preference probabilities are not close to 0 ndfdk.that reason, and also because later on in
the study individual merit scores had to be conghutiee linear computation of merit scores
was used.

In figure 5 merit scores computed for each testpmesented: they were very close to one
another, which indicated a good agreement of tisevars.

merit score (/8)

sound

Figure5 : merit scores computed from the results of the tests T1 to T5 (closed symbols :
evaluation , open symbols : comparison)

The range of scores was greater for T3 than forother paired comparison tests : this is
understandable because T3 only allowed two answgrglearly preferred sound was

attributed the same answer by all listeners, wiserg@me listeners might express their
preference in a weaker way in T4 or T5, by choosimgpn-extreme answer.

On the other hand, the inter-individual variabildf merit scores is higher for T3, as can be
seen in figure 6, in which are drawn the standadiadions of sound merit scores. Two

groups of listening tests can be clearly seen :ftineed choice paired comparison gave
standard deviations which were similar to thoseaioled from the two evaluation listening

tests.
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standard deviation

sound

Figure 6 : standard deviation of merit scores for sounds
As a way of evaluating the discrimination powereath test, the pairs of sounds the scores
of which were significantly different were counteding a one-way repeated measures
ANOVA, at a confidence level of 5%. The maximum rbenof such pairs is 36 for 9 sounds
. in this study, these numbers varied from 18 to(t2ble A). The maximum number was
provided by T5 (paired comparison on a continuoaaled, which indicated that this
procedure allowed to discriminate sounds in a #iydtetter way than the other ones.

T1 T2 T3 T4 T5
18 18 19 21 22
Table A : number of pairsin which the merit scores of sounds are significantly different
(p < 0.05).

In the particular case of T1 and T2, as mentionefdre, half of the jury achieved T1 at the
beginning of a session and T2 at the end of therabssion, while the reverse order was used
for the other half of the jury. An analysis of \arce revealed that, in the case of T1, the
results could be different if the listener was siited to this test at the beginning or at the end
of a session. Differences were highly significgmt{.01) for sounds 3 and 8, which were
attributed the best and the worst merit scores {igeee 5). Therefore, the experience of
listening to sounds (while accomplishing the paicednparison tests) could make listeners
use a greater range of the scale, though thesadist had to listen to all sounds at least once
before performing the evaluation task of T1.

That effect could not be found in the results of: T significant difference could be found in
the results of the two halves of the jury. The g@escomparison between sounds, allowed by
that procedure, reduced the influence of the egpe& of sounds.

3.4. clustering listeners

A more precise analysis of the merit scores coedist looking if the jury could be separated
in groups of listeners with similar evaluation. Rbe five first tests, that was realized using
the K-means technique [14]; the input data of tger&ghm were the individual merit scores

of noises, either directly obtained in the castheffirst two tests, or computed using equation
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(2) for T3, T4 and T5. In all cases, it appeareat th correct clustering (i.e. for which the
number of people in each class is not too smatisisded in separating the jury in two groups.
The number of listeners belonging to each groupoudte similar for each test (table B).

T1 T2 T3 T4 T5
Group 1 49 41 35 40 45
Group 2 15 23 29 24 19
Table B : number of listenersin each group of the two-class clustering of the results of tests
T1lto T5.

Moreover, 34 listeners out of 64 always belongedh® same group and 18 other ones

belonged to the same group for four of the fivésteBhis shows once again the great stability
of the results.

For the first five tests, it was possible to makeomparison between the different merit
scores computed from each group of listeners @guand 8).

8

7 L
) ——T1
E —A—T2
3 —A—T3
£ T4
= —o—T5

0 2 4 6 8 10

sound

= ——T1
© T2
g —A—T3
% ——T4
€ -o0—T5

sound

Figure 8 : merit scores of noises, computed from groups 2 of each test (T1 to T5)
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Generally, differences between groups were reladesbunds 1, 2, 5, 6 and 9. As it was the
case for scores computed over the whole panelltsesare very similar within the tests. The
consequence of the forced choice test (T3) overdimamic range of scores can be seen,
especially in the case of the first group (figuje The evaluation test T1 gave results which
were slightly different from the other ones for sosounds (sounds 6 and 7 for the first
group, 7 for the second one). That reveals a laeeuracy of T1, when compared to the
other procedures.

For each test, the statistical significance ofetéhces of scores computed for the two groups
of listeners was examined. Results are summaiizaedble C : they show that all paired
comparison tests enabled a higher discriminatidwéxen the groups of listeners.

T1 T2 T3 T4 T5

Sound 1 <1% < 5% <1% <1% < 1%
Sound 2 < 5% < 1% <1% <1% < 1%
Sound 3 ns ns <5% ns ns
Sound 4 ns ns ns < 5% <1%
Sound 5 <1% ns <1% <1% <1%
Sound 6 ns <1% <1% < 1% <1%
Sound 7 ns <1% <1% <1% <1%
Sound 8 ns ns ns ns ns
Sound 9 < 5% ns <1% <1% <1%

Table C : level of significance for merit scores between groups of listeners

3.5. identification of the perceptual space and preference model

A classical way of determining the perceptual spaoasists in performing a multi-
dimensional analysis of similarity ratings. Therefathe results of T6 were analyzed with the
INDSCAL procedure, as defined by Carroll and ChHrg. The analysis was repeated for a
number of dimensions of the perceptual space varyiom 1 to 8; for each solution,
Pearson's correlation coefficient between measuwlesimilarities and re-constructed
distances was computed. The four-dimensions solg#ve a correlation coefficient of 0.88,
which was considered to be satisfactory.

In figure 9 are shown the 1-2 and 3-4 planes af pleirceptual space.

T6 T6
T

8

Figure 9: Planes 1-2 and 3-4 of the perceptual space, obtained from an Indscal analysis of
T6 similarity ratings

It can be seen of figure 9 that some of the soundisch had been recorded in the same
vehicle, were close to each other, at least orfiteeand second axis. This is the case for
sounds 1 to 4 (recorded in the same car) and & gimda second one). In spite of the different

10
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settings on the ventilation systems, there is drrsimilarity between them. On the other
hand, sounds 8 and 9 , which had also been recarded same car, were far from each other
(and sound 5 was recorded in a fourth car).

Listening to sounds could give information abowtiges creating the first two axis :

- The first one was due to the spectrum balance wid® Sharp sounds are located on
the right side of this axis, while the less shamps(6 and 7) are on the left side. The
sharpness metric, computed from the I1ISO532-B spelmtidness curves (by Mts
Sound Quality® software), was significantly corteth with the co-ordinates of
sounds upon the first axis (R = 0.99).

- The second one was essentially created by soutiteBa sharp whistle (around 8
kHz) made different from other sounds. It shouldnbéed that it was not possible to
identify a sound metric correctly related to thasa Tonality, Prominence Ratio and
Tone-to-Noise Ratio did not exhibit a significamtr@lation with sounds co-ordinates
over this second axis.

On the other hand, it was not possible to idergdynd features related to the third and fourth
axis.

The hypothesis was made that it was possible tatifgiethat perceptual space from results of
the five first tests. Therefore, a Principal ComgainAnalysis was conducted for each of
these tests, in which data were the merit scoregpated for the sounds from the results of
each listener; variables of the analysis wererste and individuals were sounds. In the case
of the paired comparison tests, individual merdres had been first computed using equation
(2) for each listener. It should be noted that, dopaired comparison test, the number of
degrees of freedom was only 8, because merit sobrthe nine sounds respected the relation

s = t(t-1) , Wheret = 9.

2

In each case, the cumulated variance explainetdyirst four eigenvalues was greater than
80% (figure 10).

100

80 -

S S
< S |—e—T1
% T | —A—T2
s S |—=—T3
> 60 - 5
° ) ——T4
9 o
< o —O—T5
> ©
= = —>%—T6
3 40 7

20 1 1 1 1 1 1 1 20
1 2 3 4 5 6 7 8

number of eigenvalues or dimensions

Figure 10 : cumulated variance explained in the Principal Components Analysis of tests T1 to
T5 and approximation criterion in T6

11
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The comparison of the planes of the first two gpatcomponents of these analysis and the
1-2 plane computed from the Indscal analysis of(figure 11) shows that these planes are
very similar, though a swapping between first amcbsad axis (it should be kept in mind that,
for the five first tests, the first axis is the tieal one in figure 11). More precisely, the
coefficient of correlation between the coordinabésounds over each of the four principal
components and those of sounds over the axis dhtseal analysis was computed (table D).
High values (R > 0.8) indicate a good similarity within the 1-Bape of each analysis; and
even the third and fourth axis computed from T3 aldare close to those of the Indscal
analysis.

This validates the hypothesis, as stated in [T}t similarity and preference judgements are
based on the same acoustic parameters. But that e#so points out that, as a similarity
evaluation give no more information than a pairednparison test, it is not necessary to
conduct it. As the length of these two tests ang@wedent, that can considerably reduce the
overall duration of the experiment.

12
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Figure 11 : perceptual spaces (axes 1 and 2) obtained from each of the six tests
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T61 | T62 T6 3 T6 4
T1 1 -0.09 0.96 -0.22 0.13
T1 2 0.96 0.08 0.25 -0.24
T1 3 0.14 -0.22 -0.65 0.54
T1 4 0.05 0.02 -0.54 0.71
T2 1 -0.14 0.93 -0.30 0.21
T2 2 0.96 0.15 0.10 -0.33
T2 3 -0.05 0.1 -0.70 -0.42
T2 4 0.09 0.08 -0.20 -0.23
T3 1 0.13 0.97 -0.16 0.02
T3 2 0.98 -0.16 0.13 -0.25
T3 3 0.04 0.12 0.89 0.02
T3 4 0.02 0.11 -0.01 0.87
T4 1 -0.06 0.97 -0.24 0.08
T4 2 0.99 0.04 0.10 .0.25
T4 3 0.01 0.10 0.75 0.48
T4 4 .0.05 0.17 0.26 .0.59
T5 1 -0.02 0.97 -0.22 0.07
T5 2 0.99 0.01 0.17 -0.20
15 3 0.11 0.15 0.90 0.21
T5 4 0.05 0.14 .0.31 0.90

Table D : correlation coefficients between the coordinates of sounds on each principal axis
(computed from each of the five first tests) and those on the axis of the Indscal analysis

The last point of the study was related to thetie@tabetween co-ordinates of sounds on the
first two axis of the perceptive space and theirinseores. As two groups of listeners could
be identified, it was tried to compute a model arinscores averaged over each group from
co-ordinates of sounds over the first two axisstaf all, the perceptual space provided by
the Indscal analysis of T6 was used. Merit scoresined from the results of T5 were
selected, because it had appeared that test disatad sounds in the greatest way. In that
case, models were very accurate :

Sgapy =4-16X/°-33X;° @)

Seo , =4+3X/[°-3X]°

group2

the correlation coefficients between measured aedigted merit scores being of 0.95 for the
two groups of subjects. Figure 12 shows the higlu@cy of models defined by equation (3).
The constant values in equation (3) are nearly 4¢hwis the average of scores (as T5 was a

paired comparison test, that averagégtrsé_—l).% =4).

Equations (3) emphasize the difference betweennbsse in each group, because the
coefficients of co-ordinates of sounds upon thst faxis are of opposite signs. As that axis
was explained by the frequency balance in soundsn be said that listeners from the first

14
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group preferred sounds with a low frequency contehereas subjects from the second group
preferred rather sharp sounds. That different apgtien of frequency balance had already
been identified in other cases, dealing with roaideinside car cabins [16] or noise in a high
speed train [17]. On the other hand, the sharptighes sound 8 was not appreciated by all
listeners (the coefficients oK ]° are negatives for the two groups and have the sades of
magnitude).

——T5_cl1 comp ——T5 c2
—e—T5_cl comp ——T5_c2 comp

merit score (/8)

sound

Figure 12 : merit scores computed from the results of T4 for the two groups of listeners and
computed from equation (3). Open symbols : measured values; black symbols : values
computed from eqg. (3)

For evaluation or comparison tests (T1 to T5), asstree data were used to compute the
merit scores and as inputs to the Principal Compisn&nalysis, it was natural to find such a
model. For example, in the case of T5, the two nsdelre :

S;Jrriupl =4-0.137 XJTS _0084)(;5
S, =4-0.140X,°+0.174X]°

group2

(4)

S™ being the merit scores of sounds (computed foh emoup of listeners)X®and XJ°

being sounds co-ordinates upon the first two ppalcaxis of the PCA analysis of T4 results.
The correlation coefficients between measured aadigted scores were more than 0.99 for
the two groups. As the principal axis are swappéith wWhose obtained from the Indscal
analysis of T6, the difference between the two gsoop listeners now appears on the

coefficient of X °.

4. Conclusion
In the case of the car ventilation noises which wsed for this study, it can be said that :

15
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- the five tests dealing with the evaluation or tbenparison of noise pleasantness had
similar results, when these results were computed thhe whole panel of listeners;

- the discrimination power was greater for paired parnson test than for the
evaluation ones;

- within these paired comparisons, the proceduresvhich the equality answer is
allowed gave less scattered results;

- the absolute evaluation test (T1) provided less rateuresults, when these results
were related to the separation of the panel intemdgenous sub-groups. Also,
previous noise presentations could modify subjeantswers; this did not affect the
results of the mixed evaluation test (T2);

- the perceptual spaces obtained from the various sé®wed very strong similarities.
The first two axis, are very stable and the contirsugcale paired comparison test also
gave very similar third and fourth axis.

In a practical way, the recommendations obtainedhfthat study are that, if the goal of a
listening test is only related to the evaluationsofinds pleasantness, the mixed evaluation
test (T2) can offer a good compromise between tleiracy of the results and the time
needed by each subject to achieve the test. Bathntlethod and a paired comparison one,
allow to understand the different appreciationistehers. However, in order to maximize the
discrimination power of the test, a not forced-clegpaired comparison can be recommended.
Moreover, such procedures can provide useful indbion about the perceptual space which
can make a similarity evaluation not necessary.

It should be kept in mind that these conclusiomsvalid in the context of sounds being used
for that study. For example, it should be remintleat loudness of sounds were more or less
constant : if that had not been the case, differeretween test procedures certainly would
have been reduced, as loudness is a very impatardyance factor. It would certainly be
useful to repeat that study with other types ofsasj in order to check the validity of such
conclusions.
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