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Modern room acoustics employs a variety of objective measures to characterize the acoustical properties of
interiors. Despite these advancements, the relationship between these parameters and subjective assessments
of room acoustics remains unclear. Subjective perception, particularly listening effort (LE), plays a critical
role in how individuals experience acoustic environments, even when speech intelligibility (SI) is high. This
study aims to bridge the gap between objective acoustic measures and subjective listening experiences. We
conducted experiments in three rooms equipped with reverberation enhancement systems, resulting in nine
different acoustic settings. Objective parameters, including reverberation time (RT), early decay time (EDT),
clarity (C50), and the speech transmission index (STI), were measured. Additionally, subjective SI was assessed,
and LE was rated on a 7-step Likert scale by 180 volunteers with normal hearing. The analysis revealed a non-
linear relationship between LE and both RT20 and EDT (R2

= 0.6), with an even weaker correlation for LE
vs. C50 (R2

= 0.46). The Pearson correlation coefficient for STI was 0.74, compared to 0.55 for SI. These
findings indicate that the relationship between LE and objective parameters, as well as SI, is complex and
not straightforward. Our results suggest the importance of incorporating LE into room acoustic design and
evaluation. The disparity between objective measures and subjective experiences suggests that LE may be
a crucial factor in accurately assessing acoustic environments. This approach sheds the light on a more holistic
understanding of acoustic quality that prioritizes human perception.
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1. Introduction

Processing spoken language, which begins with the
extraction of key sensory information from a rapidly
changing acoustic signal, requires a series of percep-
tual and cognitive analyses (Strand et al., 2018) that
involve a certain amount of cognitive effort (Peelle,
2018). The extent of this effort depends on several
factors. Among the most significant are the presence
and type of interfering signals, such as background
noise or concurrent speech (Festen, Plomp, 1990),
the content and complexity of the speech being heard
(Just, Carpenter, 1992), the degradation of the tar-
get signal (Wild et al., 2012), the characteristics of
a speaker (Schmid, Yeni-Komshian, 1999), and nat-

urally, those of the listener (Mattys et al., 2012). In
general, it can be stated that when the target signal
is distorted, disrupted in some way, or its reception is
somehow limited, listeners must engage significantly
more cognitive resources to extract useful information
compared to an undistorted signal presented in favor-
able conditions and received by an unrestricted au-
ditory apparatus (Peelle, 2018), even when speech
intelligibility (SI) remains unchanged (Houben et al.,
2013).
In clinical audiology, this increased cognitive load is

particularly relevant for individuals with hearing loss
or auditory processing difficulties, as they may exert
disproportionately greater effort to achieve compara-
ble levels of speech understanding. In this context, lis-
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tening effort (LE) becomes an important metric for
assessing not only the performance of hearing aid but
also the broader effectiveness of auditory rehabilitation
strategies (Ohlenforst et al., 2017).
Undoubtedly, this is why, in recent years, there

has been growing interest in research on the cogni-
tive load associated with speech perception, which is
referred to as LE (e.g., Pichora-Fuller et al., 2016;
Lemke, Basser, 2016). This phenomenon was first
formally defined by the Cognition in Hearing Spe-
cial Interest Group of the British Society of Audiol-
ogy (McGarrigle et al., 2014) as ‘the mental ef-
fort required to listen to and understand an audi-
tory message’. An extension of this formulation is
a more generic description describing it as the in-
tentional allocation of mental resources to overcome
obstacles in goal pursuit during a (listening) task
(Pichora-Fuller et al., 2016). While this definition
focuses on speech, it also accommodates other types
of signals encountered in real-life conditions (Shinn-
Cunningham, Best, 2008). LE thus serves as a bridge
between audiological diagnostics and environmental
design. It provides insight not only into what a listener
hears, but also how much effort they must put to com-
prehend it – highlighting the importance of considering
both technological and architectural solutions in paral-
lel (Zekveld et al., 2010; McGarrigle et al., 2014).
Among the factors that can influence the amount

of LE are the room acoustics parameters in which
a speech signal is presented. One commonly used met-
ric to describe such environments is reverberation time
(RT). It is defined as the time it takes for the sound
pressure level (SPL) of a specific sound source to de-
crease by 60 dB after being abruptly switched off (Sa-
bine, 1922). Due to technical limitations (achieving
a measurement range exceeding 60 dB is often not pos-
sible), RT20 and RT30 measures are typically used,
beginning 5 dB below the steady-state energy level
(PN-EN ISO, 2010). In such cases, RT20 is three times
the time required for a 20 dB SPL decay, while RT30
is twice the time required for a 30 dB SPL drop.
It is commonly known that different event types

require different RTs. For music with lyrical content,
RTs of approximately 1 s are recommended (Sakai
et al., 2000; Ando, 2007), and for music without
lyrics, longer RTs are generally preferred (Kuhl,
1954). In theatres, suggested RT may be up to 1.6 s
(Meyer, 1978). In auditoriums, big classrooms, and
other spaced where speech remains the main signal,
lower RT, starting from 0.5 s–0.7 s to 1 s are rec-
ommended to maintain proper SI (Bradley, 1985;
Everest, 2001). Values within this range prevent re-
flected sounds from overlapping with the direct signal,
a common issue associated with excessively long RTs.
From the standpoint of LE, prolonged reverberation
may not significantly impact intelligibility scores, but
it can impose greater strain on listeners, especially over

longer periods or in cognitively demanding contexts.
This is particularly relevant in educational or health-
care settings, where even small increases in LE may
negatively affect comprehension, memory, and fatigue
levels (Herrmann, Johnsrude, 2020).
Interestingly, the subjective perception of reverber-

ation depends on the excitation and noise level, align-
ing more closely with the early decay time (EDT),
which refers to the initial and most perceptually rel-
evant portion of the decaying energy (Kuttruff,
2009), rather than with the RT itself (Ahnert, Tenn-
hardt, 2008).
Due to questions and doubts regarding the poten-

tial relationship between objective and subjective pa-
rameters that determine a room’s acoustics, numer-
ous studies have been conducted at the intersection of
room acoustics, audiology, and cognitive science. In nu-
merous studies (e.g., Giménez et al., 2014; Kociński,
Ozimek, 2017; Blasinski, Kociński, 2023), objective
room parameters are compared with SI as determined
by listening tests. This line of research has been par-
ticularly prominent in recent years, although the im-
portance of such analyses has long been recognized.
The methods for evaluating room acoustics developed
by Beranek and Ando are fundamental for this field.
Beranek (2004) concentrated on technical parame-
ters such as RT and SI. In contrast, Ando (1998)
introduced a more subjective approach, focusing on
auditory preferences that consider factors such as the
timing of early reflections and the width of the sound
source.
Recent approaches increasingly incorporate LE

scales, eye-tracking, and pupillometry to assess the
mental exertion required in specific acoustic environ-
ments. These tools help reveal subtle deficits in com-
fort or usability that may go undetected through tra-
ditional intelligibility measures alone (Wendt et al.,
2018). Although these suggested methods were not
originally designed to assess LE, they have proven valu-
able in analyzing room acoustic perception and indi-
cate that even with excellent SI, excessive LE can lead
to negative evaluations of room acoustics (Visentin
et al., 2018). In this way, LE serves as a more sen-
sitive indicator of acoustic quality than intelligibility
alone. It captures the hidden cognitive cost of seem-
ingly ‘good’ communication – an essential consider-
ation for audiologists, designers, and engineers alike.
Assessing LE is therefore crucial in the field of room
acoustics, as the ultimate goal is to ensure that human
listeners feel comfortable in various enclosures, regard-
less of whether correct objective parameters or high SI
scores. Consequently, after over 100 years of advance-
ments in modern room acoustics, there is a growing
emphasis on subjective evaluations, which can now be
quantified using objective measures (e.g., effort scale).
Similar to trends in audiology research (Ohlen-

forst et al., 2017;Wang et al., 2018), there is a grow-
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ing interest in assessing LE, especially in situations
where SI is high. An example that demonstrates the
relevance of this distinction is a conversation taking
place in a highly reverberant room, where multiple
speakers are talking from different directions. An in-
dividual with normal hearing is likely to understand
most, if not all, of the spoken words, achieving an
SI score close to 100%. However, the level of concen-
tration and cognitive effort required in this scenario
is significantly greater compared to a conversation
with a single interlocutor in a quiet setting (Visentin
et al., 2018).
Ultimately, decisions regarding the placement of

equipment that affects room acoustics should consider
the comfort of the intended users, defined as achieving
minimal or no LE wherever possible.
High SI and low LE are absolutely crucial for en-

suring the quality and effectiveness of communication
and public address systems in any context.
While SI is a critical requirement, often governed

by stringent safety standards and type-approval regu-
lations, such as those for building announcement sys-
tems or aircraft communications. Similarly, minimiz-
ing LE is essential in challenging environments such
as vehicles, mobile phone or headset usage, and con-
ference settings, where poor audio quality can signifi-
cantly hinder communication.
Therefore, rigorous testing, optimization, and val-

idation are not just recommended – they are essen-
tial to guarantee both optimal user experience and,
where necessary, compliance with certification stan-
dards. Failure to address these factors may compromise
both usability and safety.

2. Materials and methods

2.1. Aim

In this study, we focus on speech perception ef-
fort as a critical factor in room acoustics. We present
an analysis of the subjective characteristic of audi-
tory effort associated with logatome perception, jux-
taposed with objective acoustic parameters such as
RT20, EDT, clarity (C50), and speech transmission
index (STI).
C50, introduced by Marshall (1994), represents

the logarithmic ratio of early-to-late arriving sound en-
ergy, where ‘early’ pertains to the initial 50 (or 80)
milliseconds, and ‘late’ denotes the period following
this (Kociński, Ozimek, 2017). The 50-millisecond
threshold plays a crucial role in distinguishing bene-
ficial reflections from detrimental ones and is instru-
mental in evaluating a room’s suitability for speech
perception.
The STI is derived from measurements of the mod-

ulation transfer function (Houtgast, Steeneken,
1973) and quantifies signal quality on a scale from 0

(poor intelligibility) to 1 (excellent intelligibility). For
the rooms presented in this research, the STI is clas-
sified as ‘fair’ (for enclosure 1 and one setting in en-
closure 3) and ‘good’ for the remaining settings (STI
above 0.6). The study was carried out with the greatest
possible care, respecting the principles of anonymity
of respondents and adhering to the guidelines outlined
in the Declaration of Helsinki. Given the scope of the
study, ethics committee approval was not required.

2.2. Measurement setup

To create a range of different reverberant condi-
tions, recordings from three enclosures equipped with
reverberation enhancement systems (RES) (Lokki,
Hiipakka, 2001; Blasinski, Kociński, 2023) were
used in the listening tests. RES are recognized for
their capacity to augment early reflections and mod-
ulate RT while preserving the room’s intrinsic acous-
tic properties (Bakker, Gillian, 2014) by employ-
ing digital signal processing technologies. Due to their
greater controllability and precision, RES have become
increasingly prevalent, and are gradually replacing tra-
ditional passive methods such as the use of absorbing
panels (Lokki, Hiipakka, 2001).
The Polish logatome test (described in Subsec. 2.3)

was convolved with specific room impulse responses
(RIRs) recorded from the three enclosures. A detailed
description of the room acoustic data collection, equip-
ment used, and methods for estimating the objec-
tive parameters determining the characteristics of the
enclosures at different RES settings is provided by
Blasinski, Kociński (2023). Since these details are of
secondary importance to the present research, they are
omitted here. Sound samples were presented binaurally
via Sennheiser HDA201 headphones connected to an
SR46OH DOD preamplifier in a room compliant with
American National Standard (1999). Prior to testing,
the output sound-pressure levels of the headphones
were calibrated using a Brüel & Kjaer 2203 level me-
ter and a Brüel & Kjaer 4152 artificial ear. Throughout
the 20-minute experiment, the speech level was main-
tained at 65 dB SPL at the eardrum. Each participant
was presented with three phonetically balanced 50-
element logatome lists convolved with RIRs from one
of the three rooms under different RES settings. The
logatomes were presented without any masking signal.

2.3. Listeners

Before the listening task, each of the 180 volunteers
(60 per tested enclosure) underwent a hearing thresh-
old examination conducted by a qualified specialist
using a GSI 61 clinical audiometer and standard
audiologic headphones (HDA200). The analysis of
individual results, averaged across four frequencies
(0.5 kHz, 1 kHz, 2 kHz, and 4 kHz), classified all par-
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ticipants as having normal hearing according to World
Health Organization (2021) criteria. None of the
subjects reported any accompanying symptoms such
as tinnitus or auditory hypersensitivity.

2.4. Test material

Describing and evaluating an enclosure’s acoustic
characteristics involves measurable acoustic parame-
ters. Another source of information, as demonstrated
in this study, is the assessment of SI using language-
based tests. The results of subjective evaluations of
speech transmission quality should, as far as possi-
ble, depend on the physical parameters of the com-
munication channel being tested. Therefore, elimina-
tion of the information at the semantic level using lists
of logatomes (nonsense words) (Brachmański, Do-
brucki, 2021) is one of the recommended solutions,
employed in this study. Logatomes are indeed more dif-
ficult for listeners, but also more reliable and robust,
due to their low redundancy compared to, e.g., words,
digits or sentences. Similar test material has been uti-
lized in Polish studies, for example, by Brachmański
(2021), who evaluated logatome-based SI transmit-
ted through communication channels using the STI
method.
Using nonsense words has the advantage of elim-

inating higher-level language processing that listen-
ers use to understand words of degraded quality
(Danhauer et al., 1985). Consequently, the influence
of cognitive association is limited, making hearing acu-
ity more important than lexical prediction based on
speech context or the participant’s vocabulary. This
approach results in decreased SI, measured as the per-
centage of correctly repeated words or sentences, be-
cause the amount of provided useful (meaningful) in-
formation is reduced (Stickney, Assmann, 2001).
To avoid unnecessary listener fatigue that could im-
pact speech perception while ensuring sufficient accu-
racy, lists of 50 or 100 logatomes are typically used
(Howard, Angus, 2017). In this experiment, each
RES setup was tested using a 50-element logatome list.
To ensure consistent assessment and minimize bias,

all responses were evaluated by a single individual
with expertise in SI research. Only accurately writ-
ten logatomes (excluding spelling errors) were deemed
correctly understood, employing binary word scoring
as proposed by Kociński and Ozimek (2017).

2.5. Listening effort determination

In addition to the intelligibility test described
above, all participants were asked to evaluate their
perceived LE after each logatome list presentation.
A 7-point Likert scale was used, ranging from 1 (no ef-
fort) to 7 (extreme effort), following methods similar
to those used by Johnson et al. (2015).

3. Results

As was mentioned above, the most important and
commonly used objective parameters used in room
acoustics assessment are RT (RT30/RT20, EDT), C50,
STI, and subjective SI. To investigate their influence
on LE, we decided to compare LE scores with these
objective measures. The calculated objective parame-
ters and logatome intelligibility results are described in
(Blasinski, Kociński, 2023). The averaged LE val-
ues, along with their standard deviations (in parenthe-
ses), are presented in Table 1.

Table 1. LE ratings in all room setups
and across different RT20.

Enclosure Setup RT20 [s] LE [1–7]

Setup 1 0.8 (0.3) 2.57 (1.18)

1 Setup 2 1.1 (0.1) 2.90 (1.24)

Setup 3 1.4 (0.1) 3.32 (1.45)

Setup 1 0.9 (0.0) 2.59 (1.18)

2 Setup 2 1.2 (0.1) 3.18 (1.39)

Setup 3 1.6 (0.1) 3.50 (1.50)

Setup 1 2.5 (0.1) 3.45 (1.48)

3 Setup 2 3.1 (0.2) 3.43 (1.48)

Setup 3 4.2 (0.2) 3.58 (1.58)

Figure 1 illustrates the relationship between RT (all
nine values – three from each enclosure) and repor-

a)

b)

Fig. 1. LE as a function of (a) RT20 and (b) EDT.



A. Pastusiak et al. – Listening Effort in Reverberant Rooms: A Comparative Study of Subjective Perception. . . 5

ted LE. There is undoubtedly a trend where the re-
ported LE increases with longer RT; however, a linear
fit is not appropriate as R2

= 0.55. A slightly stronger
relationship is observed between LE and EDT, as in-
dicated by an R2 value of 0.56. Nevertheless, it still it
is not sufficient to claim a linear relationship.
In this study, no significant correlation was found

between LE and C50, as indicated by a Pearson cor-
relation coefficient of 0.46 (Fig. 2). This suggests that
variations in C50 do not reliably predict changes in LE.

Fig. 2. LE as a function of C50.

a)

b)

Fig. 3. LE as a function of (a) STI and (b) LI.

In the final analysis, LE was compared with both
objective and subjective measures (determined in tests
with listeners) of SI.
Here, SI was defined as the percentage of cor-

rectly repeated logatomes from a 50-element list (as de-
scribed in Subsec. 2.3). In contrast, the objective indi-
cator used was the STI, which considers not only the
acoustic characteristics of the enclosure but also the en-
tire transmission channel (Houtgast, Steeneken,
1984). Figure 3 depicts LE as a function of objective
intelligibility (STI) and measured logatome intelligibil-
ity (LI). It can be observed that for STI Pearson cor-
relation coefficient is 0.74, while for LI it is only 0.55.

4. Discussion

This study compared objective room characteris-
tics with the LE associated with understanding speech
presented under conditions defined by these parame-
ters. Given that:

– the logatom test is unaffected by the individual’s lex-
icon knowledge (Giovannone, Theodore, 2021);

– the test items eliminate reliance on the context
of the utterance;

– the entire test lasted less than 20 min, consistent
with Brachmański and Dobrucki (2021), min-
imizing the effects of fatigue;

– all participants were of similar age (mean 23.5)
and had normal hearing.

It is assumed that the only factor affecting SI is the
characteristics of the propagation path (i.e., the en-
closure) with potential influence of other non-auditory
factors.
A slight trend of increasing mean LE values with

higher RTs, along with a a correlation between higher
LE and decreased LI, was observed. However, no sta-
tistical significance (p > 0.05) was found with R2 values
0.56 for RT20 and 0.61 for LI. It is plausible that lis-
teners overestimate their performance despite lower ac-
tual intelligibility levels. This tendency is particularly
pronounced when using nonsense words, as listeners
find it more challenging to assess their responses com-
pared to semantically meaningful linguistic material.
Another potential explanation for this lack of signifi-
cance, and a limitation of this study, is that the 7-point
scale used to measure LE may not be sensitive enough
to detect differences across the range of RT20 values.
It is noteworthy that, although STI values were be-

low 0.6 in environments with the longest RT20 (which
typically corresponds to a ‘fair’ quality rating ac-
cording to International Electrotechnical Commission
(2020) standard), the LE scores did not significantly
differ from those observed in environments with higher
STI values. This suggests that, despite less favorable
acoustic conditions, cognitive effort required was not
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significantly influenced. While the limitations of us-
ing a 7-point scale to measure LE across a range of
RT20 values are acknowledged, it is argued that elim-
inating subjective effort assessment from SI test bat-
teries would be unjustified. Nonetheless, it is acknowl-
edged that further research is needed to redefine the
study protocol in this aspect.
These findings align with a broader body of re-

search highlighting the complexity of LE and its mul-
tifactorial underpinnings (Pichora-Fuller et al.,
2016; Ohlenforst et al., 2017). Rather than aiming
to redefine established models, this study contributes
additional empirical data to an evolving and nuanced
discussion within audiology and room acoustics. Such
incremental research remains vital as the field contin-
ues to seek integrative frameworks that combine objec-
tive acoustical parameters with subjective listener ex-
periences (McGarrigle et al., 2014; Visentin et al.,
2018).
For the three shortest RTs, reported effort falls

slightly below a score of 3, whereas for all longer RTs,
it edges slightly above 3 on a 7-point scale. This sug-
gests that the effort required to comprehend logatomes
remains relatively consistent across varying RTs.
Interestingly, LE correlates more strongly with the

STI than with RT. However, due to the relatively small
number of RES settings (nine in total), it would be
premature to draw definitive conclusions. One possi-
ble reason behind this observation may be that STI
is a more direct measure of intelligibility, encompass-
ing a broader range of factors influencing speech signal
comprehension. STI incorporates factors such as signal
distortions and modulation, offering a more compre-
hensive assessment compared to the mere duration of
sound persistence in a room after the source is switched
off. It may be presumed that listeners subjectively as-
sess their LE based on their overall SI, a metric better
represented by STI than by RT.
Although statistical analysis reveals noticeable cor-

relations between LE and various acoustic parameters,
these relationships do not lend themselves easily to
straightforward mathematical modeling. This is not
entirely surprising, given the complex and inherently
physical nature of LE. Still, the absence of a clearly de-
fined functional relationship – such as that established
between STI and LE or SI and LE – suggests that LE
cannot yet be accurately predicted using objective pa-
rameters alone. This reinforces the idea that LE should
be considered a separate and complementary descrip-
tor when designing or adapting room acoustics. Its
inclusion may help bridge the gap between objective
acoustic indicators and the actual perceptual experi-
ences of listeners.
While a linear fit can be applied to the relation-

ship between declared LE and STI values, with Pear-
son’s correlation coefficient reaching a significant R2

value of 0.72, it cannot be assumed that cognitive ef-

fort in understanding speech in enclosures with varying
acoustic characteristics, as defined by RES settings,
can be estimated solely based on STI. Nevertheless,
STI remains the measure most closely related to cog-
nitive load, particularly LE. However, it is important
to note that STI is not the only influencing factor. One
should remember that until now it was assumed that
one could rely on STI, with evaluations often limited
to it (or other objective parameters). In some stud-
ies, additional measurements of SI with listeners were
conducted (e.g., Hodgson, 2004). It turns out that
the issue may be more complex, as indicated by re-
sults that are difficult to interpret clearly in terms
of a specific functional relationship between predictors
and LE. It should be noted that the relationship does
not appear to be linear, but there is insufficient data to
draw firm conclusions, necessitating further research.
It is clear, however, that intelligibility alone is not suffi-
cient, LE is also crucial. This effort can significantly in-
fluence the overall evaluation of a room. Consequently,
a space might have good intelligibility and acoustic pa-
rameters indicating high quality, yet still be perceived
poorly due to the high effort required from listeners.
Based on the obtained data, it is apparent that

further research is essential. Although early attempts
to consider the broad subjective experiences of listen-
ers, beyond just physical measures and models, were
made by Beranek (2004) and Ando (2007), it seems
reasonable to address the issue of LE. This could in-
volve developing specific tools and methods for its eval-
uation, incorporating a wider variety of system set-
tings and possibly employing a different scale for rating
LE (e.g., categorical or adaptive scales like ACALES
(Krueger et al., 2017)).

5. Conclusions

The presented findings reveal only a modest rela-
tionship between the objective acoustic parameters of
the enclosures, as defined by the RES setting, and LE.
Notably, there was lack of correlation with RT, com-
monly associated with SI but intricately linked to cog-
nitive effort. Conversely, the strongest correlation co-
efficient was observed between LE and the STI, which
may be attributed to the complexity inherent in this
objective parameter. Over the past century, objective
methods for room acoustics analysis have developed
significantly. Numerous parameters have been estab-
lished and are now considered standards widely used
in measurements. However, it appears that the crucial
role of the listener in the audience and the performer
on stage in determining whether a room meets their
acoustic expectations has been somewhat overlooked.
Given the ambiguous relationship between LE and

standard acoustic parameters, it becomes evident that
LE cannot be easily predicted or derived from exist-
ing objective metrics alone. This underscores its po-
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tential as an independent and valuable indicator in
comprehensive room acoustic assessment. Incorporat-
ing subjective measures such as LE into the design and
adaptation processes enables the capture of percep-
tual aspects that objective measurements may over-
look (Pichora-Fuller et al., 2016; McGarrigle
et al., 2014). Ultimately, it is the human listener – not
the abstract parameter set – who validates acoustic
quality. Thus, including cognitive effort metrics pro-
vides a more representative evaluation of real-world
listening conditions (Visentin et al., 2018; Interna-
tional Organization for Standardization, 2018). This
aligns with the broader shift in acoustic and audi-
tory sciences, toward emphasizing not only what is
measurable, but also what is perceptually meaningful
(Oxenham, 2017; Rudner, et al., 2012).
In the case of spoken performances, which this

study focused on, it seems that parameters such as
RT, C50, and STI do not predict the LE required to
understand speech. This effort, however, may be crit-
ical in the overall evaluation of a room’s acoustics,
similar to how subjective preferences influence hearing
aid users, which often determine their use despite ob-
jectively measured and adjusted parameters indicating
improved auditory performance. Although the current
data is limited, it is clear that intelligibility alone is
insufficient – LE plays also a crucial role. This cogni-
tive effort can significantly influence the overall evalua-
tion of a room. Consequently, an enclosure may exhibit
good intelligibility and favorable acoustic parameters
indicating high quality, but still be perceived poorly
due to the high effort listening it requires. Given the
substantial impact of cognitive effort on listener ex-
perience, it is essential to consider metrics describing
cognitive effort in the characterization of room acous-
tics, particularly for the presentation of speech sig-
nals.
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