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Introduction

When recording acoustic music, the Tonmeister
chooses from a wide range of microphones. Differ-
ences in transducer construction lead to significantly
different directivity patterns and transmission
properties. Following the selection of microphone
design and its positioning relative to the instrument,
the choice of a particular manufacturer and model
is also considered to be significant to realize one’s
sound concept, leveraging the “timbre” of the specific
model. While a wealth of empirical knowledge about
different models is constantly exchanged between
fellow students and professors, few scientific studies
exist on this subject, e.g. [1].

To ascertain that perceived differences can indeed be
attributed to the choice of microphone, minimising
bias in listening comparisons is essential. Here, we
describe our approach of recording stimuli with
a reproducing piano, allowing us to record one
microphone at a time. Initial experiences with
this method in acoustics lab exercises at ETI have
been reported [2]. This contribution now further
investigates a) influences of test design and b) the
recording of suitable musical material.

Materials and Methods

The design of listening tests to investigate subtle
perceptual differences needs careful consideration [3].
Two key factors have to be controlled when recording
and preparing stimuli: Firstly, each microphone must
be excited by the same sound field. The common
practice of taping all microphones together causes
significant shadowing effects [4], while using a loud-
speaker exciting one microphone at a time sacrifices
the natural, time-varying sound radiation of an acous-
tic instrument. Therefore, we used a reproducing
grand piano, setting up one microphone after another
at the same position with sub-centimeter accuracy.
Secondly, the stimuli must be equally loud, normalised
for the exact listening volume in the reproduction
chain.

Recordings and Stimuli

The recordings were conducted in the Detmold Univer-
sity of Music’s Concert Hall (589 seats, RTgo= 1.6 s).
The grand piano' was positioned on the stage. Each
microphone model was set up at a distance of 1.7 m

1Bssendorfer Grand Piano 225, CEUS reproducing system
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and at a height of 1.6 m in front of the instrument
and recorded two playback repetitions with a duration
of 1.5 minutes from a Beethoven Sonata?. The test
field comprised of 10 different small-diaphragm con-
denser microphones (6 cardioid and 4 omnidirectional,
6 manufacturers). During all repetitions, a reference
microphone was positioned at a distance of 30 cm
from the instrument’s lid.

Three musical excerpts were selected, representing
the whole musical bandwidth of the recorded piece.
In stimulus preparations, a fixed loudness was defined
for each excerpt preserving their musical dynamics
differences®. The playback level was chosen to balance
between sufficient volume for detailed listening and
the mitigation of fatigue during extensive listening ses-
sions. The reproduction chain comprised headphones
(Sennheiser HD660S) powered by an interface’s head-
phone output (RME Babyface Pro Fs). The mono
stimuli were normalised using a dummy head (Neu-
mann KU100) and following Zwicker loudness (ISO
532-1:2017(E)).

Listening Test Designs

We conducted three experiments, named Trials here-
after, whose design differed mainly in the test pro-
cedure, in the selection of stimulus pairs and their
presentation order.

Test Procedure

Trial 1 was designed from scratch with regards to
some principles of ITU-R BS.1116 [5], in particular to
give test participants maximum freedom before mak-
ing a decision in the framework of the ABX procedure:
For each button (A, B and X), all three musical ex-
cerpts were available. Participants were allowed to
listen to any of the stimuli as often as they wished,
in any order, before making a decision.

The following two experiments relate to a recent in-
vestigation into listening test design, which adopted
strategies from sensory testing in food sciences to
audio discrimination tasks for a room acoustical ap-
plication [6]. To challenge the self-developed design
of Trial 1 we chose the test design with greatest oper-
ational power, namely the Constant Reference Duo-
Trio discrimination task with reference presented

2No.26 in E-flat major Op.81a, “Das Wiedersehen” bars 1-80
3excerpt 1: bars 10-14, 6s, 18 sone; excerpt 2: bars 37-40,
5s, 29 sone; excerpt 3: bars 73-76, 4.5s, 32 sone
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Table 1: Overview of Listening Test Designs

Trial 1 Trial 2 Trial 3
musical excerpts available 1,2,3 3
listening sequence of A, B, X free fixed: X-A-B
reference (X) is ... A or B AorB
repeated stimulus playback yes, unlimited no

stimulus pair 1 micl vs. mic2
stimulus pair 2

stimulus pair 3 free choice

micl vs. mic2-EQ

micl-1 vs. mic2-1
micl-1 vs. mic2-EQ

micl-1 vs. micl-2

stimulus pair 4 free choice none
total number of decisions 4x12 = 48 3x12 = 36
sequence of stimulus pairs random pairwise random PAIR1, PAIR2, PAIR3
silent environment yes no yes

First (CR-DTF) and used the DiTAA software? by
the authors of [6].

In Trial 2, participants were required to decide
whether A or B corresponded to the reference af-
ter listening only once to each signal in the predefined
sequence of [X - A - B]. Only excerpt 3 was subject to
evaluation. The reproduction chain and loudness were
identical to those in Trial 1. Intended as a preliminary
test to gain initial experience with the new design,
we examined three test participants at a time in the
same room. Trial 3 retained the design of Trial 2,
yet was conducted in a more controlled environment,
with one test participant at a time in a professional
audio control room (NR15).

Selection of Stimulus Pairs
Three main sets of stimulus pairs® were subject to
evaluation:

PAIR1 micl vs. mic2
PAIR2 micl vs. mic2-EQ
PAIR3 micl-1 vs. micl-2

Trial 1 comprised the evaluation of four pairs: In
addition to PATR1 and PAIR2, each participant could
individually select two other pairs of microphones
from the test field. To ensure that no unwanted cues
(such as noises in the concert hall) could give away
the correct answer, the reference (X) was not identical
to A or B, but a second playback repetition recorded
with the same microphone, therefore named A’ or B’
respectively.

Trial 2 and Trial 3 differed substantially from Trial 1
in the compilation of stimulus pairs: The recording
micl-1 was used as “constant reference” (X), now
identical to one of the two signals to be rated (A or

4Available: https://github.com/DPrida/DiTAA-box
5micl: dpa 4006A (omnidirectional, free-field equalized)
mic2: Neumann KM130 (omnidir., diffuse-field equalized)
mic2-EQ: Neumann KM130, equalised to match the dpa 4006 A
(FabFilter pro-Q3 autoEQ)
micl-1: dpa 4006A, repetition 1
micl-2: dpa 4006A, repetition 2
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B). PAIR3 was introduced, comparing two playback
repetitions recorded in the same setup (the recordings
micl-1 and micl-2).

Listening Sequence

Each PAIR was presented 12 times, but the three
Trials differed in number of pairs, and in listening
sequence (see Table 1). While in Trial 1 stimuli from
all PAIRS were presented in random order, they were
presented pairwaise and in assumed order of rising
difficulty in Trial 3.

Results

We compared the outcome of the three Trials to assess
the discrimination ability of listeners for two very sim-
ilar, confusable audio signals by means of the Thursto-
nian measure of sensory difference d’, as suggested
in [6]. It is linked to the percentage of correct answers
via a psychometric function, whose shape depends
on the cognitive decision strategy employed by test
participants in the discrimination task [7]. Assuming
their decision was based on comparing the overall per-
ceptual distance between all three presented signals,
the psychometric function given by Eq. (6) in [7]
applies. A d’ value of 0 corresponds to an absence of
perceptual difference, or to a limit success rate of 50%.
On the other hand, a limit success rate of about 90%,
which implies an easily detectable difference, maps to
a d’ value of 3.7. Taking into account the small num-
ber of test participants, we calculated a value of d’
for the discrimination performance of each individual
in each pair comparison based on 12 decisions. There-
fore, rather than estimating the underlying sensory
difference, we understand each value of d’ to quantify
the difficulty of the discrimination task.

Fig. 1 illustrates the results of the three Trials in
the form of box plots. An alternative approach is to
compare a test participant’s performance with the
binomial distribution: At 50% chance level, the prob-
ability of achieving 10 correct answers out of 12 by
guessing is less than 5%. In Table 2, the percentage
ns of test participants who reached this significance
level is compared to the median value d’. 10 correct
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answers out of 12 correspond to a d’ value of 2.6,
indicated by a grey, dashed line in Fig. 1.

The best performing test participant in Trial 3 (achiev-
ing 11 or 12 correct answers for each PAIR) described
the basis for decision-making as follows: PAIR1 and
PAIR2: “Comparatively dull, almost muffled sound
of the chords in the piano’s right hand in one of the
stimuli”. PAIR3: “The overall musical feel. Only a
slight tendency, felt like guessing”. Other successful
participants reported a perceived “muddiness” or a
“lack of clarity” in contrast to “transparency” as basis
for decision-making for PAIR1 and PAIR2. In Trial 1,
few test participants reported being confused, as they
expected the reference signal to be identical to one of
the two signals to be rated.

The median duration of the listening test in Trial 1
was 41 mins (average of 51 s per decision), compared
to 11 mins (17 s/decision) for Trials 2 and 3.
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Figure 1: Box plots of the participants’ d’ values in the
three Trials (n: number of participants). The grey dashed
line indicates the d’ value for 10 correct answers out of 12.

Trial 1 Trial 2 Trial 3

(n=22) (n="T7) (n=14)

d ns d ns d ns
PAIR1 | 1.8 | 32% | 35| 57% | 2.0 | 43%
PAIR2 | 1.0 0% 1.5 0% 2.1 | 50%
PAIR3 | — — 1.5 | 14% | 1.5 | 36%

Table 2: Comparison of the three Trials in terms of the
median difficulty of the discrimination task d and the
percentage ns of test participants with at least 10 correct
answers out of 12. Note that d’ decreases with rising
difficulty.

Grand Piano’s Reproduction Accuracy

The success rate of PAIR3 in Trial 3 suggested that
imperfections in the grand piano’s playback might
have biased the results. To quantify the reproduction
accuracy, the envelopes obtained from calculating the
time-varying loudness® of 24 repetitions of excerpt 3,

6Calculated with the MATLAB function
acousticLoudness.m in accordance with ISO 532-1:2017(E).
In Fig. 3, the vertical axis ranges from 20 to 55 sone.

recorded by the reference microphone, were compared.
For two temporal envelopes env; and envsy, the cosine
similarity sim of their vector representations V (env;),

—

V(envsy) is given by

V(envy) - V(envsy)
|V(env1)| |17(em)2)\

sim(envy, envg) =

Fig. 2 represents the cosine similarity values for
(224) = 276 envelope pairs. Four exemplary enve-
lope comparisons of excerpt 3 are shown in Fig. 3:
Graph a) compares the playback repetitions presented
in PAIR3, followed by three subtle signal manipula-
tions: In graph b), artificial reverb” was added. In c),
one note was amplified by 1.5 dB. In d), the signal

was shifted forward by 40 ms after a duration of 3 s.
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Figure 2: Histogram of cosine similarity values sim
(Eq. 1) of 276 envelope pairs derived from 24 repetitions
of excerpt 3. The coloured lines represent the sim values
of signal pairs a) - d) (Fig. 3).
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Figure 3: Exemplary envelopes® of excerpt 3. a): play-
back repetitions presented in PAIR3. c), d), e): typical
manipulations for comparison.

Discussion
The observed differences between the stimuli are sub-

tle, and the amount of variance explained by the
microphone choice is not obvious. Our experiments
allow for some quantification of influencing factors

"LiquidSonics: Seventh Heaven Professional, Medium Hall,
Wet/Dry: -6 dB/0 dB
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from a perceptual point of view, through an estimation
of the difficulty of the discrimination task: Variance
introduced into the stimuli by the imperfections of the
reproducing piano’s repetition appears to be of the
same order of magnitude as the differences between
the microphones. This might be one reason for the
slightly smaller d’ values in Trial 1 compared to Trial
3 (see Fig. 1). It appears that cosine similarity (see
Fig. 2) is a useful metric to quantify reproduction
inaccuracies based on the waveform: It is sensitive to
timing inaccuracies, and robust against variance in
frequency response.

Further, the freedom allowed to test participants in
Trial 1 seemingly did not increase discrimination abil-
ity, possibly due to fatigue. This is also an indication
that the discrimination task is very difficult, even
with training. The CR-DTF test design in Trial 2 and
3 reduced both the difficulty and the test duration.
A shift towards larger d’ between Trial 2 and 3 (see
Table 2) can potentially be attributed to the test en-
vironment: Small distractions caused by the other
tests running in the same room may have affected the
discrimination ability in Trial 2. The lowest difficulty
was found in Trial 3, conducted individually in a pro-
fessional audio control room.

Interestingly, we found that extensive training can
completely eliminate the difficulty of the discrimi-
nation task. One of the authors is able to perform
pair comparison tests with excerpt 3 in the CR-DTF
design with a 100% detection rate for PAIRS1,2,3
reliably. This is clearly a result of training, achieved
through extensive repeated listening during the trial
preparations. It can be hypothesized that specific
listener training, where an expert listener points the
naive test participant to the detection cue(s) in the
stimulus signal, can speed up this training process
significantly. This can be useful in the educational
context of directed ear training. Further studies could
develop an optimal test layout for such self-controlled
learning.

The experiments reported here were carried out un-
der the paradigm of a microphone-specific “timbre”,
therefore employing only monaural stimuli, focusing
on spectral coloration in the microphone’s amplitude
response. However, participants who mastered the
discrimination tasks often described their primary
differentiation cues as lying in the semantic differen-
tial between “transparency” and “muddiness”. Also
time-, or phase-related cues can cause this auditory
impression, and the EQ applied in PAIR2 did not ap-
pear to increase difficulty or alter differentiation cues
in Trial 3. A follow-up study should map participants’
responses to verbal attributes [8]. In comparison to an
earlier study with the same reproducing piano in a dif-
ferent room [2], it could be investigated if microphone
distance to the sound source (changing the direct-to-
diffuse ratio) facilitates the discrimination task.

As performance in an audio discrimination task criti-
cally depends on the signal duration (and the pause
duration between two signal presentations), mundane
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realism should be considered. The fact that any lis-
tener can learn to discriminate miniscule differences
under optimal test conditions does not mean that
these differences are meaningful in the context of
artistic music production. On the other hand, even if
a single processing step remains below the JND, its
impact may accumulate throughout the production
chain, affecting the final result.

Thus, our experiments with listening tests within the
framework of a lab exercise aim to encourage students
to question rules of thumb in microphone selection, to
be aware of possible biases and how to reduce them,
and improve their workflow by applying targeted lis-
tening strategies.
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