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ABSTRACT
An essential but complicated task in the audio production process is the selection of microphones that are
suitable for a particular source. A microphone is often chosen based on price or common practices, rather
than whether the microphone actually works best in that particular situation. In this paper we perceptually
assess six microphone types for recording a female singer. Listening tests using a pairwise and multiple
stimuli approach are conducted to identify the order of preference of these microphone types. The results of
this comparison are discussed, and the performance of each approach is assessed.

1. INTRODUCTION
The selection of microphones is a crucial phase of
the audio production process. Among other things,
it determines the frequency response with which the
sound source is filtered before being amplified and
(in a digital console or digital audio workstation)
converted to the digital domain. Whereas equalis-
ing can in theory shape an almost arbitrary ampli-
tude response, recording and mixing engineers usu-
ally start the signal chain with a high quality signal
that requires as little processing as possible. This
not only simplifies the music production process and
reduces the necessary processing overhead, but also

avoids the artefacts that (heavy) processing may in-
duce. Another part of the characteristic sound of
a microphone is due to non-linear characteristics,
which can either be desired or undesired and which
can not be compensated easily by linear processing
such as equalising. Choosing a microphone that suits
the source and envisaged sound as closely as possi-
ble is therefore vital. Any bias due to knowledge of
the microphones’ cost and common practices can be
detrimental to the accuracy of the engineer’s judge-
ment. In this paper we investigate whether differ-
ent subjects show a consistent microphone prefer-
ence within a range of microphone types and prices,

8837



De Man and Reiss Perceptual evaluation of microphone types

solely based on blind subjective evaluation. As an
example we consider the situation where six differ-
ent microphones are available for the recording of a
female singer1. An ulterior goal is to compare the
performance of pairwise and multiple stimuli evalu-
ation for this type of task.

2. SETUP AND RECORDING CONSIDERA-
TIONS
A selection of six commonly used microphone types
were tested, including condenser microphones from
entry level (Audio Technica 2020) to professional
level (AKG C414 B-XL II), as well as dynamic
instrument and vocal microphones (Shure SM57,
Shure Beta 58A and Electro-Voice RE-20) and a rib-
bon microphone (Coles 4038). They were arranged
closely together, at equal distance (± 30 cm) from
the singer’s mouth, thus minimising variations in
distance and phrasing by allowing for simultaneous
recording. Good recording practice was followed to
the greatest possible extent for each of them (align-
ment of the microphone axis with the singer). It
should be noted that every microphone has its own
‘sweet spot’, meaning that it is advisable to use some
microphones closer to the singer’s mouth, also de-
pending on the source and the desired sound. How-
ever, this distance has been chosen as an appropri-
ate average for this experiment. To reduce the ef-
fect of the variation in directionality and the cor-
responding proximity effect as well as the ratio of
direct and reflected sound, all microphones were set
to cardioid where possible. Exceptions are the Shure
Beta 58A, which is hypercardioid by default, and the
Coles 4038, which like most ribbon microphones has
a figure-eight characteristic. Note that all of these
microphones would exhibit the proximity effect as
they are all directional, albeit not all with the ex-
act same directionality pattern. The microphones
under test are listed in Table 1, together with the
numbering that is maintained throughout this text.

The recording took place in the Listening Room at
the Centre for Digital Music at Queen Mary Univer-
sity of London. The microphone preamp used was
a Focusrite ISA828, and it was set so that the input
levels before digitisation were roughly equal, when

1Eight microphones were originally tested, but results on
two microphones have been excluded due to errors in the ac-
quisition of signals from those two microphones.

M1 Audio Technica AT2020 condenser
M2 AKG C414 B-XL II condenser
M3 Coles 4038 ribbon
M4 Shure SM57 dynamic
M5 Shure Beta 58A dynamic
M6 Electro-Voice RE-20 dynamic

Table 1: Microphones under test.

Fig. 1: The singer in front of the microphone array.
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excited by pink noise through a loudspeaker. The
SSL Alpha-Link MADI AX provided the analog-to-
digital conversion (ADC). The files were recorded in
24 bit, 44.1 kHz WAV format. After this, the audio
files were not processed in any way.

We chose the human voice as a source, because peo-
ple are known to be able to discriminate very sub-
tle differences in the sound of the human voice [1].
Playback of the test sound through a loudspeaker
was considered undesirable here because the trans-
fer function of the original microphone and of the
loudspeaker itself would render the situation differ-
ent from reality. Rather, we chose to conduct an ex-
periment that would resemble a real-life microphone
comparison in a recording studio to the greatest pos-
sible extent.

The singer was asked to sing fragments of a loud,
high-pitched rock song and a softer, low-pitched
jazz song (in this case Black Velvet and No More
Blues (Chega de Saudade), respectively). A clean,
four-second fragment was chosen as test material,
of which the lyrics are “Black velvet and that lit-
tle boy’s smile”, and “There’ll be no more blues”.
Notice the absence of aspirated plosives (‘popping’
sounds). Because there were no significant popping
artefacts in these clips, no pop filter was used, al-
though the same material recorded with pop filter
was also available. To ensure proper flow and phras-
ing, as well as a sufficient amount of data, whole
choruses were sung, whereas only a short clip was
used for the tests.

Rather than a frequency response obtained by
recording a static, spectrally flat source (relative to
a reference microphone), Figures 2 and 3 show the
spectra of the two samples for each microphone. No-
tice the relative difference between the microphones
depending on which sample excites them.

To minimise perceived loudness differences, which
could cause a bias towards louder (or softer) samples,
the loudness of every sample was equalised using the
subjective programme loudness calculation in [2].

3. LISTENING TEST

The listening test for this task presents a few chal-
lenges. Because of the strong similarity of the sam-
ples, a multi-stimulus test where all samples are
compared at the same time appeared to be quite

hard during the pilot tests. Pairwise comparison,
on the other hand, allows the subject to examine
the differences between the samples more accurately.
However, since 21 comparisons are needed for as lit-
tle as six different samples, this approach can strain
the subject’s attention considerably. Thus, both ap-
proaches are applied and compared here.

The only question asked in this test is deliberately
chosen to be a very subjective and general one: to
rate the perceived quality of the different samples
compared to another one (pairwise test) or compared
to every other one at the same time (multi-stimulus
test). As such, the subjects are not asked explicitly
which sample sounds the most accurate (subjects
sometimes prefer a ‘distorted’ version of a sound
when no reference is available [1]), or desirable in
a recording context (which would also require the
subjects to have audio engineering experience). The
subject’s main impression of the programme mate-
rial relates solely to timbre, freedom from noise and
distortions, and - to some extent - transparency, as
there is only one source (sound balance is no factor)
and the recordings are mono (no variations in stereo
impression) [3]. Because the room used for recording
was fairly dry, and the microphones were all close to
the source, the variations in spatial impression are
small too.

The listening test is conducted using two sets of
short audio clips, recorded with the aforementioned
configuration, in a quiet room using a pair of high
quality, circum-aural headphones. The transfer
function of the headphones being used (Beyerdy-
namic DT770 Pro) is displayed in Figure 4.

One group of subjects evaluates the first set of sam-
ples in a pairwise fashion, establishing the order of
their preference by means of side-by-side compari-
son of every possible microphone pair, and testing
their reliability by including pairs of the same mi-
crophone. The subjects are aware of the fact that
some paired samples may be exactly the same. How-
ever, they do not know that the reason the samples
sound different is because they are recorded by dif-
ferent microphones. The second set of samples is
then evaluated by presenting all samples at once,
allowing the test subject to place each sample on a
one-dimensional near-continuous axis to reflect their
overall, subjective impression. A second group eval-
uates the first set of samples using the multiple sti-
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Fig. 2: Power spectra of the “Black Velvet” samples.

Fig. 3: Power spectra of the “No More Blues” samples.
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Fig. 4: Transfer function of the set of headphones
used for the listening test, as measured using a
KEMAR artificial head and sine sweep excitation. It
is an average of three left and right channel record-
ings, and shows the SPL at 0 dBFS in function of
frequency.

muli approach, and the second set of samples using
the pairwise approach. To remove the extra bias
due to always assessing one particular set of sam-
ples first (or always starting with the same type of
listening test), the order of these modules is also al-
ternated throughout the experiments. This means
that in each group, half of the participants assess
the first set of samples first and then the second set
of samples (using said approaches), while the other
half does the opposite (see Table 2 for a complete
overview of the subject groups).

Table 2: Subject groups

Group Tests

1.1 Pairwise “Black Velvet”
Multiple Stimuli “No More Blues”

1.2 Multiple Stimuli “No More Blues”
Pairwise “Black Velvet”

2.1 Multiple Stimuli “Black Velvet”
Pairwise “No More Blues”

2.2 Pairwise “No More Blues”
Multiple Stimuli “Black Velvet”

Before the actual test, the subjects received written
and verbal instructions [4], and were asked to play

back and compare a set of trial samples (presented
in randomised order), in order to familiarise them-
selves with the material (as well as with the multiple
stimuli listening test interface, which was used for
this familiarisation stage). The trial samples were
different from the samples used in the test, but were
recorded in the exact same way so as to demonstrate
the differences in quality the subjects could expect
throughout the experiment.

After each test, the subjects are asked to complete a
short questionnaire about their experience as a mu-
sician (years of experience playing one or more in-
struments), experience as an audio engineer (record-
ing, mixing or other technical audio tasks), experi-
ence with listening tests and whether or not they
have hearing impairments, or a cold or ear infection
that may have affected their hearing. Subjects who
had experience as an audio engineer were asked if
they hypothetically could recognise certain micro-
phones, to determine if this could potentially bias
their choices.

3.1. Pairwise comparison

For pairwise comparison, 21 questions are necessary
per test. This is because every sample is compared
to itself once (1-1 is a valid combination), and no
comparison is repeated (1-2 is never presented when
2-1 is, and vice versa). This leads to a number of
combinations where order is important and repeti-
tion is allowed, calculated as

(n + r − 1)!

r! (n− 1)!
=

(6 + 2− 1)!

2! (6− 1)!
= 21 (1)

The order of the presented pairs is randomised to
remove as much bias as possible.

The only question in this test is whether the subject
prefers A or B, or if there is no perceivable differ-
ence. The latter can be the case when the samples
are, in fact, equal, or when they are not but the
subject doesn’t hear a difference. This is one of the
ways to monitor the subject’s reliability. They are
encouraged not to claim the samples are the same
if they do hear a difference, but do not have a clear
preference for one or the other.

The pairwise interface simply shows two buttons to
play the respective audio clips, that can be clicked
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Fig. 5: A user interface similar to the one used for
the pairwise evaluation.

indefinitely and without delay, tick boxes with the
options ‘A’, ‘B’ and ‘A=B’, an optional comments
field, and a ‘Submit’ button (see Figure 5). The
subjects are instructed to choose ‘A’ in case sample
A sounds best to them, ‘B’ if sample B sounds best,
and ‘A=B’ in case they do not hear a difference.

3.2. Multiple stimulus comparison

A common listening test type for the subjective
evaluation of audio samples is MUSHRA (Multi-
ple Stimuli with Hidden Reference and Anchor)
[4, 5, 6, 7, 8]. However, unlike with audio codec
tests, there is no ‘reference’ among the samples, so
we choose not to use this term and do not require one
score to be maximum, as is the case with MUSHRA.
An example of this can be found in [9]. Therefore,
the methodology for this experiment is different from
a MUSHRA test. Furthermore, to encourage thor-
ough comparison of the samples, it has been the au-
thor’s choice to let the subject position the audio
samples on one one-dimensional scale, rather than
to rate them with 6 independent sliders. For our
purpose, the goal of this test is to obtain a rank-
ing of the different samples, rather than an opinion
score. It has been shown that ordinal scales (rank-
ings) can be preferable to interval scales (numerical

ratings) for listening tests [10].

The main reason for using a MUSHRA-style ap-
proach, where subjects can rate different samples
on a (near-)continuous scale, is that this allows for
rating of very small differences. This is easily un-
derstood when one imagines a mean opinion score
(MOS) test, where subjects could rate 4 out of 6
microphones as ‘Good’, providing very little infor-
mation, which would require many participants to
obtain statistically significant results. The single,
one-dimensional, near-continuous scale on which the
6 markers are to be positioned simplifies the task
of assessing the samples and provides us with more
information. For example, as opposed to a plain
ranking interface, we can now learn which samples a
subject perceives as almost equal, in case we would
like not to incorporate this ‘ranking’ (e.g. 1 is only
slightly better than 2) in the analysis.

For the interface, a single bar with a marker per mi-
crophone is displayed, which can be clicked to play
back the corresponding sample - again as often as
desired - and dragged around to indicate the pref-
erence on an unmarked scale. Initially, the markers
are scattered randomly across the bar. To make this
task easier for the subject, the markers each display
a number from 1 through 6 (see Figure 6). This num-
ber is also randomly assigned and as such does not
correspond with the numbering of the microphones,
to remove any bias this could induce (as subjects
might tend to listen to the different clips in order,
i.e. from 1 to 6).

4. STATISTICAL ANALYSIS AND RESULTS

The sample size for both the pairwise and the mul-
tiple stimuli test is 36, as each of the 36 subjects
participated in both tests. Each of the 4 groups (see
above) contains 9 subjects.

To make direct comparison between both methods
possible, a list of all possible A/B pairs (with A dif-
ferent from B) is constructed, along with the times
A was chosen over B, and vice versa. For the pair-
wise comparison, this is a very straightforward task,
as the answers of all 36 participants can simply be
summed. If a pair of two different microphones is
labeled as equal (i.e. the subject was not able to dis-
tinguish between the samples), no ‘votes’ are added.

In case of the multiple stimuli test, the order of the
markers is easily converted to such a list too. This
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Fig. 6: A user interface similar to the one used for
the multiple stimuli evaluation. The marker corre-
sponding with the clip that was played last is always
highlighted.

means that if microphone M1 is on top, all combi-
nations containing M1 get a ‘vote’ in favour of M1.
If M3 is rated second, all combinations containing
M3 get a ‘vote’ in favour of sample M3, except for
combination M1-M3, in which M1 is the one that
was chosen. One exception is made here: when two
or more markers are put at the same position on the
quality scale, they are assumed to be rated equal.
This means that if M1 and M2 are both positioned
exactly halfway the range by the subject, no scores
are added for the M1-M2 pair.

To decide if the number of subjects who preferred A
over B is significantly different from the number of
subjects that preferred B over A, the normal approx-
imation is used as follows [11]. First, we calculate
the z-score:

zsample =
(Ps − 0.5)− Pu√

Pu(100−Pu)
n

(2)

where Ps is the sample percentage, Pu is the as-
sumed population percentage, and n is the sample
size. To obtain the sample percentage needed to
consider A and B significantly different in average
perceived quality, meaning that the alternative hy-
pothesis, HA : Ps > 50%, is true as opposed to the

null hypothesis, H0 : Ps = 50%, we rearrange the
equation as follows:

Ps = zsample

√
Pu(100− Pu)

n
+ Pu + 0.5 (3)

The value for z for p = 0.05 one-tailed (using the
standard significance level of 5%) is 1.64, yielding

Ps = 1.64

√
50(100− 50)

36
+ 50 + 0.5 = 64.17% (4)

for a sample size n = 36. However, this value will
only be accurate if the number of votes for A plus
the number of votes for B equals 36, which will
rarely be the case as pairs can also be inaccurately
called equal, where the subject does not cast a vote
for either A or B in the case of pairwise compari-
son. The same goes for multiple stimuli comparison,
when subjects attribute the same quality rating to
two or more samples.

The number of subjects justifies the normal approx-
imation used in this analysis. Furthermore, even if a
significant fraction of the subjects is not considered,
for example when analysing the results of certain
subgroups or omitting subjects on grounds of errors
they made, the effect of violating the assumption
that the data conforms a Gaussian distribution is
quite small [10].

Ideally, there is a sufficient number of pairs for which
subjects have a significant preference for one of its
elements, so we could list a few possible rankings
with 95% certainty (e.g. the order is either 135462 or
134562, when only M4 and M5 are not significantly
preferred over each other).

In order to measure subject reliability, the following
data is available for each subject: (1) the number
of times a pair of different samples are labeled as
equal, i.e. ‘A=B’ and (2) the number of times a pair
of equal samples are labeled as being different, i.e.
‘A’ or ‘B’. Other performance measures can be calcu-
lated, such as the number of violations of transitiv-
ity in the pairwise case, for example when a subject
says he prefers microphone M1 over M2, M2 over M3
and M3 over M1. In the multiple stimuli case, tran-
sitivity is automatically fulfilled. Another possible

AES 134th Convention, Rome, Italy, 2013 May 4–7

Page 7 of 12



De Man and Reiss Perceptual evaluation of microphone types

measure is the distance between the subject’s pref-
erences in the pairwise experiment compared to the
preferences in the multiple stimuli - however, this is
not necessarily something to avoid as it’s possible
that a different sample leads to a real different order
of preferences.

Furthermore, the incorporation of the short ques-
tionnaire allows for example to investigate if con-
sidering only subjects with substantial experience in
music and/or audio engineering leads to different re-
sults.

Table 3 shows the number of votes for microphone
A over microphone B for the pairwise test. Table 4
shows the same for the multiple stimuli tests.

A B #A #B %A %B n Ps

1 2 11 12 47,83 52,17 23 67,60
1 3 32 4 88,89 11,11 36 64,17
1 4 12 10 54,55 45,45 22 67,98
1 5 16 16 50,00 50,00 32 65,00
1 6 14 13 51,85 48,15 27 66,28
2 3 32 4 88,89 11,11 36 64,17
2 4 12 10 54,55 45,45 22 67,98
2 5 14 15 48,28 51,72 29 65,73
2 6 13 8 61,90 38,10 21 68,39
3 4 4 32 11,11 88,89 36 64,17
3 5 8 27 22,86 77,14 35 64,36
3 6 4 31 11,43 88,57 35 64,36
4 5 12 7 63,16 36,84 19 69,31
4 6 8 13 38,10 61,90 21 68,39
5 6 13 14 48,15 51,85 27 66,28

Table 3: Distribution of subjective votes for pair-
wise test.

Ps shows the percentage of the votes that either mi-
crophone A or microphone B should receive to be
able to judge that there is a significant preference
for one over the other (in function of n). The high-
lighted rows show the pairs where this is true. It is
immediately clear that there is a significant prefer-
ence against microphone M3 in both tests, which ap-
parently is perceived as lacking high frequency con-
tent compared to the other microphones, as can be
seen in Figures 2 and 3.

Additionally, in the multiple stimuli case, micro-
phone M4 is preferred over microphone M6, albeit

A B #A #B %A %B n Ps

1 2 14 20 41,18 58,82 34 64,56
1 3 35 1 97,22 2,78 36 64,17
1 4 16 19 45,71 54,29 35 64,36
1 5 16 19 45,71 54,29 35 64,36
1 6 12 21 36,36 63,64 33 64,77
2 3 35 1 97,22 2,78 36 64,17
2 4 16 19 45,71 54,29 35 64,36
2 5 18 17 51,43 48,57 35 64,36
2 6 19 16 54,29 45,71 35 64,36
3 4 5 31 13,89 86,11 36 64,17
3 5 4 32 11,11 88,89 36 64,17
3 6 3 33 8,33 91,67 36 64,17
4 5 20 14 58,82 41,18 34 64,56
4 6 23 11 67,65 32,35 34 64,56
5 6 18 15 54,55 45,45 33 64,77

Table 4: Distribution of subjective votes for multi-
ple stimuli test.

with considerably less significance than for the pairs
containing microphone M3.

For each pair, the values for n (total number of an-
swers) indicate how many subjects were able to dis-
tinguish between these two microphones. Since ev-
ery pair was examined by each of the 36 subjects,
36− n subjects thought A and B were equal.

When summing the results of the pairwise and multi-
ple stimuli tests, no new information is obtained (i.e.
only microphone M3 has a significantly lower per-
centage of votes than any of the other microphones).
Looking at the sample sets separately (Black Velvet
and No More Blues), the results change slightly in
the multiple stimuli case: for No More Blues the
slight preference for M4 over M6 found earlier is no
longer significant, whereas for the Black Velvet sam-
ple, there is also a significant preference for M5 over
M1 (12 vs. 5 votes) and M5 over M6 (11 vs. 4). De-
termining the relation between the samples’ charac-
teristics and its influence on the results lies beyond
the scope of the paper.

The order of the type of tests, which was also al-
ternated in this experiment, did not have any sig-
nificant effect on the pairwise ratings (no pair other
than the ones from Table 3 showed a significant dif-
ference in subjective votes). However, in the multi-
ple stimuli case there were a few differences in votes
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that became significant. When the pairwise test was
done first, there was an additional preference of M5
over M1 (13 vs. 5), M6 over M1 (13 vs. 4) and
M4 over M6 (12 vs. 5; also significant in the general
multiple stimuli table, see Table 4). When the multi-
ple stimuli test was done first, those three differences
were no longer significant, but M2 was preferred over
M1 (11 vs. 6).

Considering only subjects with more than ten years
of experience playing an instrument (n = 18), the
result for both the pairwise and multiple stimuli test
is only a preference for all microphones over M3.
When considering only subjects who claim to have
experience in audio (n = 20), the result is the same
plus a preference of M4 over M5 in the pairwise case
(9 vs. 3).

A B #A #B %A %B n Ps

1 2 6 6 50,00 50,00 12 74,17
1 3 19 2 90,48 9,52 21 68,39
1 4 9 4 69,23 30,77 13 73,24
1 5 11 10 52,38 47,62 21 68,39
1 6 9 7 56,25 43,75 16 71,00
2 3 19 2 90,48 9,52 21 68,39
2 4 8 5 61,54 38,46 13 73,24
2 5 11 6 64,71 35,29 17 70,39
2 6 6 5 54,55 45,45 11 75,22
3 4 4 17 19,05 80,95 21 68,39
3 5 6 15 28,57 71,43 21 68,39
3 6 3 18 14,29 85,71 21 68,39
4 5 10 4 71,43 28,57 14 72,42
4 6 3 8 27,27 72,73 11 75,22
5 6 5 10 33,33 66,67 15 71,67

Table 5: Distribution of subjective votes for pair-
wise test of 21 best performing subjects.

Figure 7 shows the number of errors made by each
subject: the fraction of pairs consisting of two differ-
ent samples the subject labeled equal, and the frac-
tion of equal pairs (as a reliability check) the subject
thought were different. If we leave out the data of
the subjects who either missed 50% or more equal
pairs (the subject thought they sounded different)
and/or wrongly labeled at least 50% of the different
pairs as being equal (the subject didn’t hear a dif-
ference), and analyse the data in the same way as
before with the remaining 21 subjects, we obtain the

A B #A #B %A %B n Ps

1 2 6 14 30,00 70,00 20 68,84
1 3 20 1 95,24 4,76 21 68,39
1 4 9 12 42,86 57,14 21 68,39
1 5 9 12 42,86 57,14 21 68,39
1 6 8 11 42,11 57,89 19 69,31
2 3 20 1 95,24 4,76 21 68,39
2 4 10 11 47,62 52,38 21 68,39
2 5 11 10 52,38 47,62 21 68,39
2 6 12 9 57,14 42,86 21 68,39
3 4 4 17 19,05 80,95 21 68,39
3 5 2 19 9,52 90,48 21 68,39
3 6 2 19 9,52 90,48 21 68,39
4 5 10 10 50,00 50,00 20 68,84
4 6 16 5 76,19 23,81 21 68,39
5 6 13 8 61,90 38,10 21 68,39

Table 6: Distribution of subjective votes for multi-
ple stimuli test of 21 best performing subjects.

preference distribution shown in Tables 5 and 6. In
the pairwise case, nothing changes (the same pairs
have a significant difference in votes). In the mul-
tiple stimuli case, however, there is an additional
significant preference for M2 over M1 (14 vs. 6),
compared to the original multiple stimuli results.

In general, the multiple stimuli test seems to yield
more significant preferences than the pairwise test.

Summing the total number of votes for each mi-
crophone to obtain an average score along with a
confidence interval, we are faced with the following
issue: because there is the option of deciding that
two samples are the same, even when they are not,
some subjects may assign 15 votes (one for each pair
of different samples) and some may for example as-
sign only 8 votes in total, because they didn’t hear
the difference between two different samples in the
7 other cases. For this reason, we introduce the fol-
lowing scoring system:

• If subject X prefers microphone A over micro-
phone B in pair {A,B}, microphone A receives
2 points and microphone B receives 0 points.

• If subject X prefers microphone B instead, A
receives 0 points and B receives 2 points.
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per subject.

• If subject X says A and B are equal, both A
and B get 1 point.

That way, every subject distributes 30 points over
the 15 relevant pairs, and every microphone gets a
score between 0 and 10 points from every subject.
For the multiple stimuli test, the same scoring sys-
tem is used: as before, each multiple stimuli rating
is converted to a ranking, which at its turn is con-
verted into a table of A/B pairs, such as the one in
Table 4. As some subjects rated some microphones
equal (i.e. the corresponding markers were placed
within 1% of the full range from each other), this
system will allow those microphones to have equal
ratings too.

These scores can now be normalised (divided by 10)
and analysed, to obtain the means displayed in Fig-
ure 8. Again, the only significant result from this is
the lower preference for microphone M3. The 0.80
confidence intervals show smaller variation for pair-
wise comparison, suggesting a higher performance
for this method. However, one should be wary of
the possibility of this being an artefact of the test-
ing process and statistical comparison, and not due
to whether test subjects actually perform better in
the case of pairwise testing. This can be understood
by considering the following scenario. Suppose all
microphones are equal: one could assume that sub-
jects are less likely to award ties for multiple sti-
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Fig. 8: Preference scores with 80% confidence in-
tervals.
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muli tests (an effect that is demonstrated in the next
paragraph). In the case of a multiple stimuli test, a
microphone would have equal probability of rating
0, 2, 4, ..., 10 (see above). However, in the case of
pairwise comparison, scores would tend to award a
tie for all microphones - that is, they would each
have a far higher chance of rating around 5 than one
of the extremes, i.e. 0 or 10. Thus, there would be
only little variance for the pairwise case, and a lot
of variance in the multiple stimuli case if subjects
voted ’randomly’, or if they had severe difficulties
distinguishing between microphones.

Figure 9 demonstrates the use of the rating scale in
the multiple stimuli tests. The average span (the
portion of the rating scale used, i.e. maximum rat-
ing minus minimum rating per subject) is 62.49% of
the scale, with one subject using as little as 7.03%,
and another one using the full range (0%-100%).
The standard deviation of the span is 22.42%. It
is evident from this plot that subjects are far less
likely to award the exact same score to microphones
than in the pairwise case.
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Fig. 9: Rating of microphones on the one-
dimensional axis in the multiple stimuli interface.

5. CONCLUSIONS
Out of the 6 microphones that were featured in this
test, only one (M3) received a rating that was signif-
icantly different (lower) from the other microphones.
Depending on the test used and the subgroup con-
sidered, some other preferences between pairs of mi-
crophones were revealed. Overall, the multiple sti-
muli test led to more of such preferences, suggesting

a better performance. On the other hand, a tighter
confidence interval for the pairwise evaluation when
summing all scores for each microphone (see Figure
8) suggests a better performance for this method. It
is not certain which method most accurately shows
the subjects’ preferences.

It should be noted that failure to reject the null
hypothesis (microphone A is preferred as often as
microphone B, or H0 : Ps = 50%) in most cases,
does not imply that the null hypothesis is true [12].
However, we have been unable to find evidence that
there is a consistent preference for a microphone
type across subjects, even when a single source and
fragment and a variation of microphone types and
price ranges is considered.

The multiple stimuli test is substantially less time
consuming, but in fact neither are too demanding in
terms of time and effort for this number of different
samples. It is therefore the opinion of the author
that it is advisable for this kind of tests to include
doubles of each microphone pair (not necessarily the
exact same fragments) or, in the case of the multiple
stimuli test, to simply do the test twice (again possi-
bly with different programme content). This would
increase performance and reliability as it allows for
collection of more data per subject, and more infor-
mation on intra-subject reliability.

Additional data and audio/video mate-
rial of the recording session is available on
www.brechtdeman.com.
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