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The main task of IEC technical committees is to prepare International Standards. Howe
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

HOUSEHOLD HIGH-FIDELITY AUDIO EQUIPMENT AND SYSTEMS -

METHODS OF MEASURING AND SPECIFYING THE PERFORMANCE

Part 6: Listening tests on loudspeakers —
Single stimulus ratings and paired comparisons

FOREWORD

Thq International Electrotechnical Commission (IEC) is a worldwide organization for standardization’conjprising
all [national electrotechnical committees (IEC National Committees). The object of IEC. is" to promote
intdrnational co-operation on all questions concerning standardization in the electrical and. electronic figlds. To
thi§ end and in addition to other activities, IEC publishes International Standards, Technical Specifigations,
Tedhnical Reports, Publicly Available Specifications (PAS) and Guides (hereaftérreferred to ap “IEC

Pullication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee int
in the subject dealt with may participate in this preparatory work. International) governmental an|
governmental organizations liaising with the IEC also participate in this prepafation. IEC collaborates
with the International Organization for Standardization (ISO) in accordance\with conditions determi
agreement between the two organizations.

prested
d non-
closely
hed by

Thg formal decisions or agreements of IEC on technical matters express,“as nearly as possible, an interrjational

conjsensus of opinion on the relevant subjects since each technical _committee has representation f
intdrested IEC National Committees.

IEQ Publications have the form of recommendations for international use and are accepted by IEC N
Conmittees in that sense. While all reasonable efforts are{made to ensure that the technical content
Pulylications is accurate, IEC cannot be held responsible for the way in which they are used or
miginterpretation by any end user.

In prder to promote international uniformity, IEC National Committees undertake to apply IEC Publi
trarjsparently to the maximum extent possible in‘their national and regional publications. Any divs
betjveen any IEC Publication and the corresponding’national or regional publication shall be clearly indiqg
the|latter.

IEQ provides no marking procedure to indicate its approval and cannot be rendered responsible
eqdipment declared to be in conformity with an IEC Publication.

Al

No [liability shall attach to IEC or its directors, employees, servants or agents including individual expe
members of its technical committees and IEC National Committees for any personal injury, property dan
othgr damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feqg
expenses arising out of_the" publication, use of, or reliance upon, this IEC Publication or any oth
Pullications.

isers should ensure that they have-the latest edition of this publication.

Attention is drawn ¢o the Normative references cited in this publication. Use of the referenced publica
indispensable for‘the'correct application of this publication.

Attg¢ntion is drawn to the possibility that some of the elements of this IEC Publication may be the su
patgnt rights.HEC shall not be held responsible for identifying any or all such patent rights.
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data of a different kind from that which is normally published as an International Standard, for
example "state of the art".

IEC 61305-6, which is a technical report, has been prepared by IEC technical committee 100:
Audio, video and multimedia systems and equipment

The text of this technical report is based on the following documents:

Enquiry draft Report on voting
100/855/DTR 100/905/RVC

Full information on the voting for the approval of this technical report can be found in the
report on voting indicated in the above table.
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The committee has decided that the contents of this publication will remain unchanged until
the maintenance result date indicated on the IEC web site under "http://webstore.iec.ch” in
the data related to the specific publication. At this date, the publication will be

* reconfirmed,

* withdrawn,

» replaced by a revised edition, or
+ amended.

A bilingual version of this publication may be issued at a later date.
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INTRODUCTION

This technical report gives recommendations for establishing, conducting and evaluating
listening tests.

The tests described in this report are to be performed in a room, the size and acoustical
properties are similar to those of an average living room. Specific recommendations about the
room size, acoustical properties, arrangement of loudspeakers and listeners, and
environmental conditions are given.

: of the final data. It
usefu| to consider some of the recommendations in AES 20. It should be understoedithlat the
topicq of experimental design, execution and statistical analysis are complex, and’that only
the mpst general guidelines can be given. It is recommended that professionalscwith expertise
of experimental design and statistics should be consulted.

The Use of multichannel formats, principally for domestic presentation(oef ‘'surround audio and
cinema is becoming more usual. The procedures described in this report are applicable {o any
numbegr of channels.

If the|number of loudspeakers to be tested is high, the paired comparison listening fest is
lengthy because each loudspeaker has to be compared with the other. A shorter method is
the sipgle stimulus rating. With this method, each object/is judged once. The rating is glmost
indepgndent of the loudspeaker range in test. Each object is rated absolutely, wherpas a
paired comparison provides a relative ranking of the order of the loudspeakers in test.

Anothler technical report for listening test has been published as |IEC 60268-13 and it is
expedted that the two technical reports should be combined in the maintenance work
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HOUSEHOLD HIGH-FIDELITY AUDIO EQUIPMENT AND SYSTEMS -
METHODS OF MEASURING AND SPECIFYING THE PERFORMANCE -

Part 6: Listening tests on loudspeakers —
Single stimulus ratings and paired comparisons

1 Scope

This {echnical report applies to loudspeakers conforming to IEC 61305-5 and intended for
home|use.

The pgurpose of this report is, in addition to objective testing according tovlEC 60268§-5, to
establish standards for comparison of the sound characteristics of various-loudspeakerg with
each pther.

Two test procedures are described:

— single stimulus ratings;

— pdired comparisons.

The procedures described in this report are applicableto' any number of channels.

NOTE | The test procedures are specified for stereo systems. They can be applied to multichannel slystems
accord|ngly.

2 Normative references

The following referenced documents are indispensable for the application of this document. For
dated|references, only the edition cited applies. For undated references, the latest edifion of

the referenced document (including any amendments) applies.

IEC 6
— Par

IEC 6

ISO 3
other

1305-5, High fidelity_audio equipment and systems; Minimum performance require
5: Loudspeakers.

0268-5, Sound Ssystem equipment — Part 5: Loudspeakers.

382, Acoustics — Measurement of the reverberation time of rooms with referer
acoustical parameters.

ments

ce to

3 Test preparation

3.1

Characteristics of the listening room

The volume of the listening room shall be 80 m3 + 20 m3 with a room height of 2,75 m #
0,25 m. The room should have a rectangular floor plan, whereby the ratio of the sides to each

other

should not exceed 2:1. A square floor plan is not permitted.
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Figure 1 — Range limits for the reverberation-time

The reverberation time of the room shall be within the range.limits shown in Figure 1. The
reverteration time shall not change by more than +25 % @r —20 % within one octave |n the
range| from 400 Hz to 8 kHz. The reverberation time{is to be measured with nolse in
1/3 - pctave intervals with listeners present as laid)dewn in ISO 3382. Conversion of the
reverberation time measured without listeners to one with listeners is permitted.

Releviant room resonance resulting from furnishings shall be avoided. The distribution pf the
absorping material should be as uniform as possible for all frequencies. In particular, parallel
walls shall not be allowed to reflect sound-to a significantly higher degree than the othen walls.
This glso applies to the floor and the ceiling of the listening room. The AF-rated mean lgvel of
noise|in the testing room may not exceed a value of L, = 25 dB.

3.2 |Loudspeaker position.and seat arrangement

The |oudspeaker shall be- hidden behind an acoustically transparent screen to |avoid
influepcing the listener by its design.

The Ipudspeakers_shall be located and listened to in the positions in which they are| used
normally (as reeéemmended of the manufacturer). This means, for example, loudspgakers
desighed for.placement in shelves shall be placed in shelves or in an acoustically equijalent
positipn. Fhe distances from the floor and the ceiling shall correspond to usual positipning.
Unlesfs gtherwise specified, the distance from the walls shall be at least 0,5 m.

The loudspeakers shall be tested in the stereo mode. The angle between the imaginary lines
joining the loudspeakers and the listener should be not less than 45° for each listener. The
loudspeakers shall be positioned so that the stereo base is constant in each case. Only the
two sets of stereo loudspeaker (paired comparison) or the set of stereo loudspeakers to be
tested (single stimulus rating) may be arranged to prevent feedback from other loudspeakers.
When the paired comparison procedure is used, the centre and height of the line between the
loudspeakers of each set shall not vary more than is necessary.

If several listeners participate simultaneously in one test, the seats should be arranged so
that all listeners can see the loudspeakers directly when the screen is taken away.
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3.3 Electrical requirements

The loudspeakers shall be fed by equipment with characteristics that do not affect the test
results. The system shall consist of a source, level adjustment, and a power amplifier with a
low output impedance and sufficient power (that is, clipping may not occur even at the highest
signal levels). The tone control is to be set to a flat position both on the equipment as well as
on the loudspeakers. Other settings shall be indicated.

Deviations in the flat frequency response shall be less than 0,5 dB in the range from 20 Hz to
20 kHz as measured at the input of the system and at the output of the power amplifier.

3.4 |Level setting

The Ipudspeakers shall be set to provide the same level of volume as measured [at an
averape listener’s position with a test signal similar to a programme. It has been  pfoven good
practice to feed pink noise to the loudspeakers and set the A-weighted sound/level to 75/dB.

NOTE | The problem of setting up different loudspeakers by measurement so that reproduction of speech and
music Js equal in volume for all loudspeakers cannot be solved completely if the [Oudspeakers have dfifferent
frequerncy responses. It is only possible to find a practical compromise using such a,test'signal.

3.5 |[Listening levels for programmes

The listening levels shall be adjusted so that the loudness iS.the same, as far as possiljle, as
the loudness at an average listening position in the origihal room where the performance was
held.

3.6 |Programme material

The pfogramme material should include:

a) speech;

b) chamber music;

c) orphestra music (tutti passages_ of a large orchestra);

d) sdlo voice and instrumentalxaccompaniment;

e) entertainment music without significant electro acoustical tampering.

The duration of each-unit should be between 60 s and 120 s. The sections should corregpond
to mupical phrases, The programme material used shall be listed in detail.

3.7 | Qualification and number of listeners

The hlearing loss of the listeners shall be less than 20 dB in the frequency range of 125|Hz to
8 kHz [1].”Moreover, they should have some form of training or be interested in music| shall
visit concerts regutarty and fisten to recorded music. 1he number of listeners shall be not less
than 10.

3.8 Test duration

The duration of one test session should not exceed 1,5 h, whereby a suitable break should be
made after about 0,75 h. The total test duration should not exceed 3 h per day and per
listener.
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4 S

4.1

ingle stimulus ratings

Test procedure

The purpose of a listening test is to obtain an evaluation of the overall quality of the
loudspeakers. This overall judgement is formed by the various sound characteristics of a
loudspeaker. According to studies made by Gabrielson et al. [2], three independent

chara

cteristics (evaluation aspects) can be found, which can be designated as follows:

¢ volume;

*  dgfimitiom;

e trgnsparency.

An oVerall judgement is obtained by combining the evaluations. Since these (eharacte

perf

can tJe judged by comparing with an optimum sound obtained from a comparable o
o

mance, these loudspeakers can be judged with a single stimulus rating. The res

the ligtening test not only provides a relative rating of individual loudspéakers within a

louds

Since
stimu
comp
other,
listen

4.2

In ord

beakers but an absolute rating, as well.

any loudspeaker has to be tested only once for each(sample of music, the
us test is essentially a shorter test, especially for a.darge number of loudspe
red to paired comparison which requires each loudspeaker to be compared wi
The repeated judgement of loudspeakers required, to’ check the rating reliability
brs increases the time insignificantly.

Questionnaire

er to obtain ratings for the three evaluation aspects volume, definition and transpat

it is rgcommended to use a questionnaire listing pairs of terms with opposite meanings. §

the te
is rec
quest

OCoONOOOAPDWN-=

bmmended that several terms arelused for each aspect of evaluation. The following
onnaire has proved to be useflbin several studies:

Table 1 ~'Questionnaire for single stimulus rating

ristics
iginal
ult of
set of

single
hkers,
h the
of the

ency,
Bince

Irms do not describe the sensations felt by every test person in exactly the same way it

1 2 3 4 5 6
light --- -- - - -- dark
distinct --- -- - - - --- indistinct
natural - - - - - - unnatural
diffuse --- - - - - --- concentrated
emphasized bass --- -- - - -- --- poor bass
brilliant --- - - - - --- faint
unpleasant --- -- - - - --- pleasant
round --- -- - - -- --- sharp
marrow --- - - - - - wide
sTim -- - - -- voluminous
subdued --- -- - - -- --- powerful
unbalanced - - - - -- --- balanced
shrill --- - - - -- --- hollow
soft -- - - - hard
not transparent --- -- - - -- --- transparent
dry --- - - - - --- echoic
rough --- -- - - - --- clear
coloured --- -- - - - --- uncoloured
sharp --- -- - - -- --- dull

Date: Example No.:
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The following pairs of terms are relevant for the aspects of judgement:

Aspect of judgement Pair of opposites
Volume 5,9, 10, 11
Definition 1,4,6,8,13,14, 19
Transparency 2,3,15,16, 17, 18
Overall judgement 3,7,12

If other pairs are added, it should be ascertained based on the results of a multifactor

variallmmﬁé—pér‘fﬁrméd subsequentty (Tefer to BortZ, Test von Ratingskale
that fhe terms suitably differentiate between loudspeakers and that they are cuni

under

NOTE
make 4

4.3

When
been

introduction to the test procedure. The test persons have toncomplete one questionna

each
order
rando
comp
louds
preve
enabl
be ev

4.4

Prior
shall
filled
the rg
and fdq
result
judge

Baseq
and ¢
coeffi

stood and used by the judges.

The use of an even number of evaluation steps has proved to be advantageous in helping test per
decision.

Test sequence

the test persons have been instructed and the selected programme examples
presented, a few loudspeakers are evaluated by means§_of the questionnaire

loudspeaker and each programme example. Afterwatds, the actual test is start
to avoid a chain effect, all loudspeakers and progfamme examples shall be teste
m sequence, which will involve changing the_foudspeakers very frequently. A
omise is obtained by having all programme examples sequentially evaluated fd

ht the test person being influenced by the judgements of previous programmsg
e a check of the reliability of the judgemeénts about 1/5 to 1/4 of the loudspeakers
hluated twice without informing the test persons.

Reliability of judgements

to starting the actual evaluation of data, the reliability of the test persons judge
be checked using a simple process. For this purpose, all the questionnaires that
but during the double judgement of the loudspeakers are used. The difference be
tings in the first and.in the second pass is determined separately for each test p
r all opposite paifrstand programmes. These differences are squared and averageq
5 are standardised on the total variance of the judgements, because the test p¢d
differently within the scope of the questionnaire.

valuated with regard to their judgement reliability. Based on existing knowledg

p [3])

ormly

kons to

have
8S an
re for
ed. In
d in a
iseful
r one

beaker. In this case, a new questionnaire, must be handed out for each programme to

s. To
shall

ments
were
tween
erson
1. The
rsons

on the 'coefficient resulting from this standardisation, the test persons can be compared

B, the

cientis found with the following equation

A
k=239 <15
Viot

where

Asd
Viot

is the average of squared differences;

is the total variance.

(1)

The judgements of test persons having a coefficient of more than 1,5 shall not be used for

furthe

r evaluation.
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Notes on calculating the coefficient:

- 11 -

Suppose the ratings of the various test persons for the opposing pairs over all examples and
loudspeakers are

a,-J’k with

...r  opposing pairs

1
=1...s examples
l...u loudspeakers

and suppose the ratings of repeated measurements for a selected number ¢ of loudspeakers

are

where

and th

with

4.5

After
variar
signif
o i
o« i
o« i

e total variance is

Variance analysis

ferences-of Toudspeakers

ferences caused by examples

ferences caused by persons

...r  opposing pairs

1
l...s examples
l...t loudspeakers

t < u. Then the average of squared differences 4 is

Z(aijk =~ bijk F

_ jk
Asd -
rst
Z(%'k “)
_ ik
Viot =
rsu—1
2 Ak
— ik
rsu

(desired);
(possible but mostly not given);

(undesired, i.e. error variance).

(2)

(3)

(4)

having eliminated_the data of unreliable test persons from the data record, a multifactor
ce analysis should be carried out to clarify the variance of variables and to che
cance by means/of an F test. The following variables are relevant:

ck the

If it can be proved that the dissimilarity of loudspeakers is significant with regard to the error
variance and that if the differences caused by the examples are low, the judgements can be
combined to an average over the examples and persons.

4.6

Factor analysis

As mentioned above, three aspects are relevant for the evaluation. In order to obtain figures
for the evaluation aspects for various loudspeakers, the factor analysis is suitable for data
compression. (Factor analysis with subsequent varimax rotation followed by factor value
estimation). A data record of loudspeaker judgements with regard to the evaluation aspect is
obtained as a result.
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4.7 Quality judgement

In contrast to the loudspeaker characteristics calculated in 3.6, the values averaged for
persons and programmes, for example for the opposing pair "pleasant - unpleasant" shall be
used for the quality evaluation. Thus, the original position in the evaluation range is
maintained, especially if loudspeakers of a certain class of quality are evaluated in the test.

4.8 Representation of the results

In addition to the representation of loudspeaker characteristics in a table, a graphic
representation in the planes of the factor space is useful.

Examk)le: refer to Figures 2 and 3.
Slim
subded 12
9
0,9 — N
0,6 — +10
+7
1
+ 6
03 - h
0,0
oF
-0,3 — 5 £
+
-0,6 —
+3
-0,9 -
; 4
Voluminous t+
powerful -1.2 | I | | | |
-12) 09 06 03 00 03 06 09 12
Roéugh Clear
indisdinct distinct
not transparent transparent
unpleasant pleasant
IEC 636/05
Figure 2 — Representation of results for loudspeakers 1 to 10
in the evaluation aspects transparency/quality and volume
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Dull 1.2
dark ’

0,9 —

0,6 — +
+1

Sharp +3
light —1.2 T T T T T T
12 -09 -06 -03 00 03 06J09 12

Rough Clear
indisdinct distinct
not transparent transparent
unpleasant pleasant

IEC 637/05

Figure 3 — Representation of results for loudspeakers 1 to 10
in the evaluation aspects transparency/quality and definition

To enable a quality evaluation, the graphic representation should maintain the arrangemlent of
the rating over the original range. Refer'to Figure 4.

Unplgasant Pleasant

1 2

- w
N
[9)]
>

[}
= 0
Q

Loudspeaker No.
IEG 638/05

Fi?ure 4 — Rating of loudspeakers 1 to 10 in the opposite pair pleasant-unpleasernt

4.9 Computer programs
Computer programs are needed to calculate the various evaluation steps. These are:

* multifactor variance analysis;
« factor analysis with varimax rotation, and

+ factor value estimation.
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5 Paired comparisons

5.1 Test procedure

The purpose of a listening test is to rate several objects using one criterion of evaluation over
a certain scale. As the differences can be determined only by comparing the objects and as
this is not possible simultaneously, the paired comparison procedure (AB comparison) can be
chosen. In this case, each object is compared with the other and a decision is made as to
which object meets the test criterion the best. The following explanations and the sample
calculation in Annex A, are based on a two-stage scale (less - more). If a three-stage scale is
used = = i ' pply.
Together with the numerous ordinal judgements obtained in this manner, the objects
arranged on an interval scale using an evaluation model (law of comparative judgeme
for example [4] and [5]).

The yse of this test procedure assumes that a suitable selection of test criteria is avallable.
These must be selected so that only the different magnitude of the test 'criterion in qugstion
forms| the basis for judgement for all comparisons; the test criteria must therefore bg one-
dimersional. If this is not the case, inconsistent sequences (circUlar triads) may repult if
differgnt aspects of one test criterion form the basis for judgement.in different comparjsons,
despite of the same question (multidimensional test criteria).

If circplar triads occur despite correctly selected test criteria)this may be due to uncerta|nty in
the judgement. A figure for the uncertainty of the judgement can be found by comparing the
circular triads that actually occur and the maximum./possible number [4] or the niumber
occurfing by chance [6]. This should also be examined for each test.

After [all comparisons have been carried ouf/sthe results can be compiled in a so-palled
domirlance matrix. Since the occurring differences do not correspond to the subjective
distar|ces, transformation of the values to-a*normal distribution (z-conversion [4]) is necgssary.

Moregver, the ranking order of varioUs objects can depend on the type of programme material;
for this reason, all judgements shall be evaluated separately first for each programme.|If the
ranking order deviates only slightly, the judgements can be combined.

The ranking order found._is.not generally valid either in terms of its zero point or its sprg¢ad; it
appligs primarily for thé selected object field.

5.2 Test criteria

The ppired caomparison shall be carried out for a series of one-dimensional criteria allowing an
evaluation—of the sound characteristics of the loudspeakers. The following criteria have groven

to be|usable for judgements that do not contradict and should be used for evaluation pf the
sound-characteristics:

a) bright - dark

b) soft treble - hard treble

c) voluminous - slender

d) powerful bass - weak bass

e) clear - unclear

f) transparent - not transparent
g) coloured - not coloured
h) balanced - unbalanced

The criteria used shall be indicated.
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5.3 Test sequence

Each set of stereo loudspeakers shall be compared with the other by switching the test
programmes from one set to the other. The switching sequence to the loudspeakers shall be
random; however, the sequences must exclude the possibility of one set of loudspeakers
being used in more than two sequential paired comparisons.

The method of switching from one set of loudspeakers to the other shall not give away the
anonymity of the objects. The tests may be carried out in two different ways:

a) each of the two sets of stereo loudspeakers should be activated for approximately the
same time; the intervals should be 2 s to 10 s and should not exceed 20 s under any
cifcumstances. The programmes should be long enough to allow the loudspeakers|to be
switched back and forth a number of times during one programme. Neither™ihe test
sUpervisor nor the listener shall switch the loudspeakers;
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b) the comparison can also be carried out by listening to the complete programme with one
sat of stereo loudspeakers and then with the second. The length of the programme ghould
bg less than 60 s if this method is used.

With both methods, an judgement shall be made after each programme-using all test ciiteria.
For efch test criterion the listener shall decide which of the two sets of loudspeakers meets
the criterion the best. The judgement shall be kept confidential and registered withoyt any
previqus discussion.

5.4 | Number of contradictory judgements

The judgements of the test persons shall then be\evaluated for each criterion sepdrately
accorfling to the programme and the test person incorder to determine the number of circular
triads| This shall be compared with the maximtun possible number of circular triads pr the
numbegr that could probably occur. Then theAudgements shall be compiled according fo the
criteripn and the programme. If the judgements deviate only slightly with regard fo the
programmes then the judgements for all the programmes can be summarized.

5.5 Determination of the scale values

The spale values shall be determined from the individual judgements as shown in the example
in Anpex A. If the differencesin the scale values shall correspond to the differences |n the
perceptions, they shall be z-standardised as well [4].

5.6 |Variance analysis
After eliminating. the ‘'data of obviously unreliable persons from the data record, a multifactor

variarjce analysis should be carried out to clarify the variance of variables and to check their
significance by-means of an F test. The following variables are relevant:

« differences of loudspeakers (desired)
o ditferenrces—ecaused-by-examples {possible-but-moesthrroetgiven)
« differences caused by persons (undesired, i.e. error variance)

If it can be proved that the dissimilarity of loudspeakers is significant with regard to the error
variance and that the differences caused by the examples are low, the judgements can be
combined to give an average for the examples and persons.

5.7 Factor analysis

As mentioned above, three aspects are relevant for the evaluation. In order to obtain figures
for the evaluation aspects for various loudspeakers, the factor analysis is suitable for data
compression. (Factor analysis with subsequent varimax rotation followed by factor value
estimation). A data record of loudspeaker judgements with regard to the evaluation aspect is
obtained as a result.
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Annex A
(informative)

Example calculation for tests using paired comparison

Annex A provides an example calculation for listening tests using paired comparison. This
example includes the judgements of five test persons listening with respect to one criterion to
five sets of stereo loudspeakers (referred to in the following as “loudspeakers®).

A.1 | Judgement reliability check

The 1|0 judgements of listener 1 for one complete set of paired comparisons/are entered in a
dominance matrix:

Listener 1
No 1 2 3 4 5
1 0 1 1 0
2 1 1 1 1
3 0 0 1 0
4 0 0 0 0
S 1 0 1 1
a; 2 0 3 4 1
a; 4 0 9 16 1

Numblers underlined correspond tosthe answers in the questionnaire. A “1” is always awarded
when|one loudspeaker in the hedd of a column is preferred to another in the head of [a line
with regard to a criterion. Thesupper half is filled in by supplementing a “1* for equal pairs in
the rejverse order.

The golumn totals ¢ (indicates how often a certain loudspeaker was preferred to amother

during the course ,of\.the paired comparisons. Using aj2 it is possible to calculate how|many
circular triads oeccurred. This number is

d:n(n—1)(2n—1)/12—%ia§ (A1)
=1

where n is the quantity of objects and a? is the square of the column totals for the individual
object. Therefore, listener 1 produced the following number of circular triads:

d:5|:4[9/12—%(4+0+9+16+1):0
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The dominance matrices for the 4 other listeners could be:

Listener 2

Listener 3

No

No

Listener 4

No

Listener 5

No
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