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ABSTRACT

Although acoustics can be studied from a physical per-
spective, in many cases its applications are intended to
have some effect or interpretation by the human auditory
system. In this sense, and until general models of human
sound perception are developed, the main way of under-
standing auditory impressions is through perceptual tests
using humans as instruments of evaluation. However, sub-
jective assessments are complex and require controlling a
myriad of sources of bias that can affect relevance, va-
lidity, and reproducibility. Among these, those related to
test design, performance and analysis of results are often
the most relevant. A review of the state-of-the-art shows
that perceptual testing is often conducted heterogeneously
across studies and with great variability in the considered
experimental conditions. This communication, primarily
intended to stimulate scientific dialogue, will recall fac-
tors that can significantly impact perceptual evaluations,
commenting on them, and will raise some open questions
for further common reflection. In this way, it is hoped that
efforts towards establishing homogeneous methodologies
for perceptual evaluation in acoustics can be revived, es-
pecially in this era where artificial intelligence algorithms
increasingly depend on robust and precise data.
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1. INTRODUCTION

Many acoustical applications and scenarios can be quanti-
fied purely in physical terms. However, numerous oth-
ers often require relating physical acoustic magnitudes
to their interpretation by the human brain. Currently,
the understanding of hearing mechanisms is deep; how-
ever, we still lack systems capable of accurately predicting
the complete auditory response, including brain activation
and interpretation, for every acoustic scenario.
Consequently, the most common current approach to as-
sess the auditory system’s responses and capabilities in-
volves using human listeners themselves as instruments
of perceptual evaluation [1] for particular acoustic condi-
tions.

This approach has been commonplace for decades across
various domains linking physical sound characteristics to
perceptual attributes, including fields such as room and
building acoustics, soundscapes, and binaural hearing,
among others. However, a review of the state-of-the-art
in these areas reveals that similar studies, or even those
addressing identical topics, frequently apply markedly di-
verse evaluation and analytical methodologies as high-
lighted, for instance, in [2] in the case of soundscape re-
search, in [3, 4] regarding building acoustics, or in [5] in
room acoustics.

This heterogeneity has always impeded precise and un-
biased comparisons among research outcomes from dif-
ferent research. Nowadays, with the current momentum
of artificial intelligence technologies, which are starting
to deliver deep neural network models representative of
auditory system behavior for specific tasks [6], the need
for perceptual evaluation outcomes derived from homo-
geneous and comparable methodological approaches has
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become more critical than ever. Such methodological uni-
formity is essential to obtain clean and representative in-
put datasets, thereby enabling robust and accurate training
of deep learning algorithms.

Encouraging developments can be found in soundscape
research, where methodological standardization [7, 8] has
facilitated greater homogeneity, as well as in binaural
hearing, where some researchers are currently placing sig-
nificant emphasis on reproducible research [9, 10].
Nevertheless, there remains considerable scope for ad-
ditional research on methodological issues, essential for
achieving full comparability and enabling joint utilization
of results in collaborative research endeavors.

The primary aim of this communication is to empha-
size the critical need for methodological standardization
in perceptual evaluations in acoustics, particularly when
conducting listening tests. To illustrate this point, several
relevant factors for the designing, performance, and analy-
sis of perceptual experiments are highlighted as examples,
to stimulate collective dialogue on this important issue.
Given the breadth of the topic and the wide variety of con-
tributing factors, and for reasons of space and focus, many
of the examples discussed are drawn from room acous-
tics, building acoustics, and soundscape research. Nev-
ertheless, the underlying principles and observations are
broadly applicable to other areas of acoustics as well.

2. A SAMPLE OF SIGNIFICANT FACTORS

Perceptual experimentation in acoustics involves a se-
quence of interconnected steps. Among these, some of
the most crucial are the experimental design, the perfor-
mance of the tests, and the subsequent analysis of results.
Throughout each of these stages, researchers must make
numerous decisions, each potentially introducing specific
biases. Consequently, varying decisions made during
these stages can lead to considerable divergence in the
outcomes, even among experiments sharing identical re-
search objectives.

2.1 Experiment design

The experimental design stage is one of the most demand-
ing in terms of both time and decision-making. During
this phase, researchers select the auditory samples to be
used in the tests, the acoustic scenarios and their varia-
tions to be assessed through these samples, and the exper-
imental protocol itself, including the sequences followed
for stimuli presentation, among other things. In addition,
decisions are made regarding any corrections needed to

compensate for the effects introduced by the sound play-
back systems.

2.1.1 Auditory samples

The influence of auditory samples and their temporal and
spectral features, on participants’ discrimination abilities
and preferences in perceptual tests is well-documented
and has been demonstrated extensively in the literature.
Mentions to this influence can be found in publications
in many areas, such as, for instance, [11] in building
acoustics and in room acoustics [12, 13]. Therefore, it
is critically important either that study conclusions be
explicitly constrained to the auditory samples used as base
for the test stimuli or that auditory samples considered
representative for each practical application be selected
accordingly. However, in many areas of acoustics, such
as those of room or building acoustics, to the best of our
knowledge, there is no established catalogue of reference
sounds for use in perceptual testing that would ensure
homogeneity across evaluations. Such a catalogue might
not be strictly necessary if the sole objective were the
creation of a large dataset for training deep learning
models. However, given the current state of the field,
where heterogeneity extends far beyond just this aspect,
a standardized catalogue of reference sounds could be of
considerable value.

2.1.2 Test protocol

The test protocol is one of the most influential aspects of
a perceptual study, as it determines how stimuli are pre-
sented to participants and how their responses are col-
lected [14]. The chosen protocol has a substantial im-
pact on discrimination performance, with some proto-
cols being operationally more powerful than others. Fur-
thermore, different protocols vary in their susceptibility
to learning, fatigue, and sequence effects, among other
sources of bias. While these issues have been thoroughly
studied in other areas of sensory evaluation [15], acoustics
has seen the widespread use of a diverse range of protocols
[5], often without consistency. Some studies have shown
that these protocols differ in their operational power and
vulnerability to bias [14,16]. Nevertheless, despite emerg-
ing trends favoring certain approaches, much research is
still needed and there is still no widely accepted, robust,
and standardized protocol in acoustics, unlike in the field
of audio engineering, where a clearer methodological con-
sensus has been reached [17, 18].
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Looking more closely at commonly used protocols, partic-
ularly within the two major families, difference testing and
scaling, several methodological trends arise that may in-
troduce additional biases beyond those already mentioned,
related to operational power and usual effects. For in-
stance, it is not uncommon to find the use of attribute-
related difference tests (i.e., tests in which participants are
asked to evaluate the difference between stimuli regard-
ing a specific attribute) even when the stimulus variation
is inherently multifactorial. A clear example in the field
of room acoustics is the use of attribute-related difference
tests focused on particular attributes, such as “’reverber-
ation”. For instance, changes in reverberation typically
involve simultaneous changes in other auditory attributes
(e.g., clarity, etc.), making it uncertain whether the per-
ceived differences reported by the participants are exclu-
sive to reverberation. While in other fields of sensory eval-
uation it is clearly recommended to use attribute-related
tests for single-factor variations [19] and overall when
they are multi-factorial and complex, it seems that there
is currently no clear consensus in acoustics.

Regarding the use of scaling protocols, it is not uncom-
mon to find studies employing even-numbered scales and
those with a high number of response points in scales.
However, findings from other domains of sensory percep-
tion suggest that such scales, and particularly those with
more than seven points, may be inappropriate [20], as they
can be cognitively demanding for participants and often
fail to yield additional meaningful information. Further-
more, it is common to find scaling tests in which partici-
pants are not informed in advance about the full range of
stimuli variability to assess during the test. This omission
has been shown, in other fields, to result in a lack of use
of the extreme ends of the scale [21], thereby biasing the
sensitivity of the measurements.

Another key factor to consider when designing the listen-
ing test is the vocabulary used to describe the items to
be evaluated [22,23]. It is of the utmost importance to
clearly define the term to ensure all participants under-
stand it in a consistent and accurate way. Failing to do so
could have a negative impact on the results of the listen-
ing test. There are a number of ways to ensure that the
terminology is understood. Those with experience in pro-
fessional fields such as acoustic research or music may
have acquired the relevant knowledge through practical
experience. However, it is important to note that the same
term might carry different meanings in different areas of
acoustics or between acoustics and other fields of knowl-
edge. Individuals with no prior background in acoustics

might find the terminology unfamiliar, in which case, it
is essential that they receive specific training prior to the
commencement of the test [24]. A glossary of acoustic
terminology [25] already employed in numerous percep-
tual tests represents a fundamental step in the standardiza-
tion of terminology and definitions employed in percep-
tual evaluation in acoustics.

2.2 Experiment performance

As previously mentioned in subsection 2.1, the experi-
mental design phase is one of the most critical of a percep-
tual study. Nevertheless, during the actual performance of
the experiment, several practical considerations may arise
that are highly relevant in terms of bias control. For ex-
ample, if the selected protocol is prone to learning effects,
it becomes essential to provide participants with adequate
training (for the protocol) beforehand, so they can famil-
iarize themselves with the nature of the evaluation task.
Similarly, if the protocol is likely to induce fatigue, or if
the duration of the test is long, it is advisable to include
rest periods between blocks to maintain concentration and
response reliability. While such factors are generally ac-
knowledged in acoustic perceptual testing, they are often
insufficiently documented in the papers, which can hinder
reproducibility and methodological transparency.
Regarding the test environment and its characteristics, two
main factors, among many others, frequently emerge as
potential sources of bias in laboratory-based acoustic per-
ceptual experiments. On the one hand, the presence of
acoustically inadequate test environments, such as those
with excessive background noise or reverberation, is typ-
ically well controlled in contemporary research and does
not pose significant concerns for reproducibility. On the
other, many laboratory perceptual tests aim to evaluate
real-world acoustic situations within controlled environ-
ments that often lack the full context of real-life percep-
tion. In such cases, additional sensory modalities, tempo-
ral dynamics, and cultural context may significantly influ-
ence perception. This discrepancy can lead to a mismatch
between the real-world scenario being studied and the ex-
perience recreated in the laboratory. Although this issue
has been recognized and addressed, in different degrees of
depth, in fields such as soundscape [26,27], room acous-
tics [28], and sound insulation [11, 29], we believe that
further investigation is essential to better understand and
mitigate this gap.

Also, the experimental setup invariably includes electroa-
coustic transducers, either loudspeakers or headphones, to
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deliver the test stimuli to participants. These playback de-
vices have their own acoustic responses, which must be
properly compensated to ensure accurate stimulus repro-
duction. Although this factor is increasingly considered
in the literature, it is important to emphasize its signifi-
cance and to acknowledge the valuable contributions of
the research community in providing publicly available
datasets, such as [30], of the acoustic responses of com-
monly used transducers in perceptual acoustics testing.
The relevance of the interaction between listening test
participants and experimenters is an aspect that has been
acknowledged in some studies, although its handling re-
mains inconsistent. In certain cases, experimenters pro-
vide verbal instructions, which may unintentionally intro-
duce bias into the test results [31]. Other studies use writ-
ten instructions to minimize this risk. However, detailed
descriptions of this interaction are generally lacking in the
literature. Also related to the interaction between the ex-
perimenter and the participant are the strategies used for
participant recruitment, which are often simplified by re-
lying on volunteers from the academic community. How-
ever, this approach may not always yield a sample that
adequately represents the target population under investi-
gation. We believe these aspects deserve greater attention
and more systematic documentation.

Participant training and experience are critical considera-
tions in the design of listening tests. In tonal discrimina-
tion research, for example, particular emphasis has been
placed on comparing the analytical listening abilities of
musically trained individuals with those of untrained par-
ticipants, in an effort to identify the most suitable profiles.
In the field of room acoustics, both trained and untrained
listeners are frequently included in perceptual evaluations.
Despite this, there remains a lack of targeted research ex-
amining the specific impact of musical or acoustical edu-
cation on auditory perception. Notable contributions ad-
dressing this gap include some recent work [12,24].

It is also important to acknowledge that the concept of
“expertise” in listening tests is multifaceted and often sub-
ject to debate. Listener performance may be shaped by
various factors, such as perceptual sensitivity, knowledge
of acoustics, musical background, or experience with au-
dio recording. The relevance of each of these factors can
vary depending on the specific task being assessed. As
suggested in [24] for room acoustics, conventional cri-
teria for identifying expert listeners may be insufficient.
Therefore, we believe further research in this area would
be highly beneficial.

2.3 Analysis of the results

The analysis phase of perceptual evaluation has the rela-
tive advantage that participant-related bias no longer plays
a direct role. In this stage, the most critical issues concern
how researchers process the experimental data to extract
meaningful insights from participants’ judgments. Often,
when the tests yield quantitative outcomes, and indepen-
dently of the level of measurement, analysis in acoustic
research often relies on traditional parametric methods,
such as the calculation of means and standard deviations,
ANOVA, or linear regression.

However, consulting classical literature on statistics sug-
gests that parametric statistic metrics such as mean and
standard deviations, upon which widely used techniques
like ANOVA and linear regression are based, can be con-
sidered to be valid, in a broad sense, under certain assump-
tions. For example, ANOVA, among others, requires the
data to meet conditions of normality, homoscedasticity,
and independence [32]. These assumptions are frequently
not verified, or not reported, in many published studies in
acoustics. Additionally, it is common practice to compute
means from ordinal data, such as Likert-type responses,
despite such data not being inherently continuous [33].
Sometimes it is argued that, with sufficiently large sample
sizes, the distribution of aggregated scores may approxi-
mate a normal distribution, but this assumption might not
always hold and some research suggests that it would be
advisable that this be checked or non-parametric analy-
sis to be conducted instead. Furthermore, perceptual re-
search in acoustics has shown that the perceptual spacing
between adjacent points on an ordinal scale may not be
uniform [34], potentially further undermining the valid-
ity of using always parametric statistics. This concerns
have been well-documented historically in the literature,
although other well-documented studies suggest that para-
metric statistics may still be appropriate for the analysis of
ordinal data. These studies argue that the violation of as-
sumptions such as normality may have minimal, if any,
impact on the validity of the conclusions drawn [35]. In
view of this, we believe that it would be valuable, at least,
to establish a common framework of analysis in percep-
tual acoustics so that the results of similar research can be
properly compared and used together as data sets.

A parallel concern arises in difference testing protocols,
where results are often interpreted in terms of the propor-
tion of correct responses (p.). However, as it has been
demonstrated in other fields of sensory evaluation, this
metric is inherently biased [36,37]. It depends not only on
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the actual perceptual discriminability between stimuli but
also on the specific protocol used [37] and the cognitive
decision strategies [36] employed by the participants, fac-
tors which are rarely examined in perceptual research in
acoustics. Signal Detection Theory (SDT) provides more
appropriate alternatives, such as d-prime (d’), which offer
a bias-independent measure of sensitivity [36].

For these reasons, we argue that a common framework
for the statistical methods, parametric and non-parametric,
used in perceptual research in acoustics is essential. Such
a framework would facilitate inter-study comparability,
promote methodological homogeneity, and reduce poten-
tial biases introduced during the data analysis phase. We
believe this is one of the factors that could be most readily
addressed, for example through the development of statis-
tical analysis packages created collaboratively and based
on standardized tools for processing perceptual data ob-
tained from specific types of listening tests.

3. CONCLUSIONS

This work has highlighted the widespread methodologi-
cal variability that still characterizes perceptual testing in
acoustics, even in fields with decades of accumulated ex-
perience. From the design of stimuli and protocols to the
treatment of data and the selection of participants, deci-
sions made at each stage of the process can significantly
influence outcomes and often in ways that hinder compa-
rability and reproducibility across studies.

While some domains, such as soundscape research, are
moving toward methodological convergence, many oth-
ers continue to rely on ad hoc decisions. This limits the
broader utility of perceptual data, especially in a con-
text where artificial intelligence is emerging as a powerful
tool to model auditory perception. Without homogeneous,
high-quality input data, the potential of these models may
remain challenging.

Rather than proposing a one-size-fits-all solution, which
we believe is unfeasible without much discussion across
many researchers, this paper advocates for conscious,
evidence-based methodological decisions, better docu-
mentation, and above all, collective efforts to develop
shared protocols, reference datasets, and analytical tools.
The goal is not only to improve the quality and trans-
parency of individual studies, but to empower the field to
build interoperable datasets that can serve both traditional
research needs and the training of perceptually informed
Al systems.
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