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Introduction

Sounds play a pivotal role in urban settings, substantially
influencing health and well-being. Traditionally, they are
regarded as noise in connection with threshold values for
averaged sound pressure levels. However, research results
on “noise and health” and “noise annoyance” show that
acoustic single-number values alone do not adequately
reflect noise perception[l]. Against this background, the
soundscape research framework has gained prominence,
conceptualizing sounds as resources and emphasizing the
subjective perceptions of individuals and groups|2]. Per-
ceptual data collection in soundscape studies typically
follows the guidelines of ISO/TS 12913-2:2018, further
specified by the standardization recommendations of the
“Soundscape Indices Protocol” (SSID)[5]. It is recom-
mended to complement field studies with controlled lis-
tening tests[4][5], allowing direct comparative evaluations
of different places and assessments of simulated or less
frequented places under controlled laboratory conditions.
Usually, listening tests are conducted individually, result-
ing in small sample sizes of fewer than 30 participants
due to considerable time requirements[6]. Group listen-
ing tests aim to overcome these sample-size limitations
while retaining the advantages of laboratory-based ex-
periments. The overall goal is to reproduce perceptual
evaluations from field studies as precisely as possible.
Therefore, the following research question is stated:

“To what extent can soundscape evaluations from field
studies be reproduced in group listening tests using bin-
aural recordings and pictures of the location?”

Methodological Approach

This pilot study primarily investigates methodological
comparisons. To facilitate reproducibility, data collection
focuses explicitly on single positions within each location
rather than aiming to fully characterize entire locations.

Data Collection in Field Studies

The field studies are conducted in December 2024
at Schlossplatz, Akademiegarten, and Karlsplatz in
Stuttgart. A list of the three most prominent sound
sources and pictures of the locations can be found in Ta-
ble 1. Participants are randomly selected and should be
fluent in German. The procedure of the questionnaire is
based on ISO/TS 12913-2:2018. After consenting to data
processing according to DSGVO and voluntary participa-
tion, participants receive a brief verbal instruction for the
hearing task. The digital questionnaire starts by gath-
ering demographic data (age group, gender, education
level, hearing ability). Participants then rate the acous-
tic environment using the eight perceptual attributes
of the dimensions Pleasantness and Eventfulness on a

five-point Likert scale (“strongly disagree” to “strongly
agree”). These attributes are derived from the ”Sound-
scape Attributes Translation Project” (SATP)[7][8] (Ta-
ble 2), which can be seen as state of the art. To closely
match the English attributes, some languages may use
up to three adjectives per term|[7]. Therefore, for most
attributes, two German adjectives are used. Addition-
ally, subjective loudness, dominant sound sources, pre-
ferred onsite activities, and acoustic appropriateness for
these activities are assessed. Each survey lasts between
three to nine minutes. Simultaneously, three-minute bin-
aural sound clips are recorded, and pictures are taken
of the location from the participants’ direction of view.
Weather conditions (air temperature, relative humidity,
wind speed and horizontal illuminance) are also docu-
mented.

Table 1: Study sites in Stuttgart with a list of dominant
sound sources and Zwicker loudness for time-variant sounds[9]
for each sound clip sl to s12

Schlossplatz

?

Karlsplatz

Akademiegarten

traffic noise
construction noise

traffic noise
natural sounds

human sounds
traffic noise

music human sounds human sounds
s1|s2]s3|s4]s5]s6]s7]s8]s9][s10]s11]s12
N in sone N in sone N in sone

66/49]52]52]49]65]47]44]68]54]49]57

Group Listening Test Preparation and Execution
From binaural recordings at each location, four 30-second
sound clips are extracted and paired with corresponding
pictures. Their loudness for time-varying sounds[9] can
be found in Table 1. Due to similar background noise
levels at all locations, loudness equalization can be ne-
glected. Sound clips are randomized for each partici-
pant. Similar to field studies, the eight attributes (see
Table 2), subjective loudness, and demographic data are
recorded. Before the test phase, participants provide
written consent to data processing and voluntary par-
ticipation. Afterwards, they receive verbal instructions
for the procedure and behavior rules to avoid acoustic
interferences. These are followed by a short practice
test with an unused sound clip from Karlsplatz. The
main test period lasts between 12 to 15 minutes, con-
cluding with a feedback questionnaire regarding the test
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design. Anonymous data collection utilizes the SQala
software. Closed on-ear headphones (headphonerevolu-
tion HR T12 Pro) are connected to the computer at each
place and calibrated by adjusting playback volume by
ear using equalized signals from a calibrated headphone
unit. Listening tests are conducted at HFT Stuttgart in
a computer room (24 workstations), located in a quiet
area with minimal traffic noise. Participants, recruited
via university-internal email, select one of five available
sessions through a university exchange platform, result-
ing in varying group sizes.

Table 2: Attributes for perceived affective quality in
German(7] as used in the study and English[4] equivalents
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of 64 %, a cloudy sky and slight wind. Group listen-
ing tests involve 60 participants (29 female, 31 male), of
whom nine report reduced hearing. The total time for all
listening tests is approximately three hours. Similar to
field studies, analyses show no systematic effects related
to hearing ability, and thus all data are included. Partic-
ipants freely choose their session time slot, resulting in
varying group sizes ranging between seven and 18 indi-
viduals per session, as detailed in Table 3. Figure 1 shows
the listening test scenarios LT 2 and LT 5. Ambient noise
levels during tests average L4, = 54 dB, mainly aris-
ing from chair and mouse movements, with only minor
variations across different group sizes (ALp oq < 3 dB).

English attributes German attributes
ISO/TS 12913-2:2018 Aletta et al., 2024
pleasant angenchm
chaotic chaotisch / hektisch
vibrant lebendig / abwechslungsreich
uneventful ereignisarm / statisch
calm ruhig / erholsam
annoying storend / léstig
eventful ereignisreich / dynamisch
monotonous monoton / eintdnig

Statistical Analysis

Differences between field studies and listening tests across
the eight attributes and the dimensions Pleasantness and
Eventfulness are statistically analyzed, leading to the fol-
lowing hypotheses:

HO: ”Results from listening tests do not significantly dif-
fer from field studies.”

H1: ”Results from listening tests significantly differ from
field studies.”

Due to ordinally scaled data (five-point Likert scale)
and independent testing groups, the requirements of the
one-way analysis of variance (ANOVA) are tested. The
attributes demonstrate skew-normal distributions[11]
rather than the normal distributions required by
ANOVA. Therefore, the non-parametric Mann-Whitney
U-test, which compares ranks of data points between two
independent groups[10], is selected. An a priori power
analysis using G*Power[3] indicates a required sample
size of 49 participants per group to detect large effects
(input data: two tails, min ARE distribution, effect size
d = 0.8, significance a = 0.05, power 1 — 5 = 0.95).

Results and Discussion

Field studies include 62 participants (35 female, 25 male,
2 diverse), of whom 18 participants report reduced hear-
ing. Analyses of these data sets reveal no systematic in-
fluence of hearing ability, thus, all data are included. Par-
ticipant counts per location and mean ages are summa-
rized in Table 3. Schlossplatz and Karlsplatz have higher
foot traffic due to proximity to the Christmas market.
Weather conditions average 8°C with a relative humidity

Table 3: Number of Participants in field studies (FS)
Nrs = 62, and listening tests (LT) N = 60
experiment nun.ll?er of mean age
participants
FS 1 Schlossplatz 31 33+14
FS 2 Akademiegarten 10 58+ 18
FS 3 Karlsplatz 21 51+19
LT1 15 23+7
LT2 18 37+15
LT3 12 37+ 12
LT4 8 40+ 12
LTS5 7 38+10

Figure 1: Experimental setup of LT 2 with 18 participants
(left) and LT 5 with seven participants (right)

Since all three locations are evaluated in listening tests,
all 60 datasets are used for comparisons for each place.
However, participant numbers per location in field stud-
ies are below the targeted N = 49, potentially limiting
representativeness. Additionally, varying group sizes re-
sult in heterogeneous variances, confirmed by Levene’s
test. Thus, statistical analyses are limited to qualitative
comparisons of large effect sizes. Nevertheless, the re-
sults are sufficiently accurate to identify reproducibility
trends and derive methodological optimizations.

Figure 2 exemplarily illustrates the results for Karls-
platz on the dimensions Pleasantness and Eventfulness.
Data points are calculated from attribute ratings using
ISO/TS 12913-3:2019, formulas (A.1) and (A.2), and
visualized using the Python package ”Soundscapy”[11].
The differing group sizes produce a broader 75 %-quartile
for field study data. Despite high variability, mean values
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for both groups are similar. Mean values and standard
deviations for all locations are listed below:

- Schlossplatz:
Prg=-025+0.24, Epg = —0.27£0.24
Prr=-0.04+0.22, E;7r = —0.174+0.18

- Akademiegarten:
Prs=-0.03+£0.42, Epg = —0.10£0.21

Prr= 005£0.21, Epr = 0.11+0.20

- Karlsplatz:
Prs=-0.01+0.39, Epg = —0.13£0.27

Prr= 013£0.20, Epr = —-0.10£0.17

1.00 listening test

© field study

0.00

ISO Eventfulness

|
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|

i
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ISO Pleasantness

Figure 2: Soundscape data plot[11] for Karlsplatz with ap-
prox. 75 % of data points within the coloured areas. Mean
values for Pleasantness and Eventfulness are calculated ac-
cording to ISO/TS 12913-3:2019

On average, ratings for Eventfulness are consistently
higher in listening tests compared to field studies across
all locations. This aligns with findings from similar in-
vestigations comparing field studies with individual lis-
tening tests [13][14][15]. A likely reason is the quieter
background environment during listening tests, creating
a stronger contrast with the sound clips, whereas partici-
pants in field studies become accustomed to the ambient
sounds, resulting in reduced perceived eventfulness[13].

A similar trend emerges for Pleasantness, with listen-
ing tests showing consistently higher ratings than field
studies across all three places. Studies report mixed re-
sults regarding this aspect: in [13] and [15], Pleasant-
ness ratings are higher on site compared to listening
tests, whereas [14] finds variations in both directions,
preventing systematic conclusions. A potential reason
for this discrepancy is the playback volume, which was
lower compared to the actual measurements on site due
to calibration by ear. When participants adjust play-
back volume themselves to a realistic level, it averages
9.5 dB below actual field measurements[16]. Addition-
ally, some participants in [15] describe accurately repro-
duced playback volumes as unnaturally loud. Using loud-
speaker arrays instead of headphones slightly reduces
these discrepancies between field studies and listening
tests[14].

Standard deviations are generally higher in field studies,
particularly for Pleasantness, a trend also observed in
comparable studies with equal sample sizes [13][15][17].
Intermittent dominant sounds such as sirens likely cause
higher variability in onsite ratings[13]. In contrast, lis-
tening tests present identical dominant sounds to all par-
ticipants, resulting in lower variability among ratings.

Table 4 summarizes the results of the Mann-Whitney
U-tests, comparing the differences between field stud-
ies and listening tests for all eight attributes and the
main dimensions (Pleasantness and Eventfulness). Due
to heterogeneous variances, results are only qualitatively
interpretable[10]. A post-hoc analysis using the same pa-
rameters as the original a priori analysis indicates that
the Mann-Whitney U-test can reliably detect large sig-
nificant differences (effect size d = 0.8) for Schlossplatz
(FS 1) with a statistical power of (1 — ) = 0.91. For
the locations with smaller sample sizes, statistical power
decreases to (1 — ) > 0.82 (FS 3) and (1 — 5) > 0.57
(FS 2). Thus, the risk of a Type II error (failing to detect
actual differences) increases.

The tests suggest relatively good agreement between field
studies and listening tests for Akademiegarten (FS 2) and
Karlsplatz (F'S 3). Nonetheless, due to limited statistical
power at these locations, the possibility of existing yet
undetected differences cannot be entirely excluded. Con-
versely, numerous significant differences are observed at
Schlossplatz (FS 1), particularly regarding Pleasantness,
resulting in rejection of the null hypothesis. A plausible
reason for this discrepancy might be the more complex
acoustic environment at Schlossplatz, potentially indi-
cating that the selected sound clips are not sufficiently
representative.

Table 4: Mann-Whitney U-Test statistics for the eight at-
tributes and the dimensions Pleasantness and Eventfulness

. . t-
place pleasant [ chaotic | vibrant unef:/jn calm

Mann-Whitney U | 498 | 895 | 299 | 740 | 806
FS 1 z 3.62 | -029 | -5.28 | -1.59 | -1.04
Asymp. Sig. (2-tailed)|<0.01+| 0.77 [<0.01+| 0.11 | 0.30

Mann-Whitney U 258 299 210 223 180
FS2 Z -0.70 | -0.02 | -1.51 | -1.29 | -2.01
Asymp. Sig. (2-tailed)| 0.49 | 0.99 | 0.13 | 0.20 | 0.04«

Mann-Whitney U 363 500 472 520 539
FS3 4 -2.88 | -1.40 | -1.70 | -1.19 | -0.98
Asymp. Sig. (2-tailed)[<0.01*+[ 0.16 | 0.09 | 0.24 0.33

mono- (Pleasant-|Eventful-

lace annoying| eventful
P ying tonous ness ness

Mann-Whitney U | 543 | 674 | 703 | 515 | 664
FS 1 z 324 | 214 | -1.90 | -3.48 | -2.23
Asymp. Sig. (2-tailed)|<0.01=| 0.03* | 0.06 |<0.01+| 0.03

Mann-Whitney U 246 174 246 281 147
FS2 V4 -091 | -2.11 | -0.91 | -0.32 | -2.57
Asymp. Sig. (2-tailed)| 0.37 | 0.03* | 0.37 0.76 | 0.01*

Mann-Whitney U | 496 | 592 | 483 | 401 | 562
FS3 z 144 | -041 | -1.58 | 247 | -0.73
Asymp. Sig. 2-tailed)| 0.15 | 0.69 | 0.11 | 0.01* | 0.47
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Conclusion

Based on statistical analyses and comparisons with pre-
vious literature, the validity of group listening tests as
a method for reproducing on-site soundscape evaluations
can be assessed. Observations during tests and partici-
pant feedback also identified certain limitations, suggest-
ing potential improvements for future investigations.

Validity of Group Listening Tests

Given the generally good agreement between attributes
in field studies and listening tests, it can be concluded
that group listening tests, like individual listening tests,
represent a valid method for soundscape research. While
using location photographs seems to have no significant
effect on soundscape evaluations[17], most participants
stated in their feedback that combining sound clips and
pictures helped them effectively imagine the real-world
scenario. However, since the exact on-site conditions
cannot be perfectly replicated, listening tests should be
viewed as complementary to field studies[4][13]. Regard-
ing the group approach, the collection of 60 datasets
within only three hours demonstrates that group listen-
ing tests are significantly more efficient than individual
listening tests.

Limitations and Outlook

Regarding representativeness, the selection of suitable
sound clips needs optimization. Particularly for complex
acoustic environments, four sound clips with a length of
30 seconds may be insufficient. Although ambient noise
levels of Laeq = 54 dB are in a similar range to the
playback levels of the sound clips, participants reported
good audibility. Nevertheless, to further reduce ambient
noises caused by movements, mouse pads and felt pads
under chairs should be used in future experiments. In lis-
tening tests LT 1 and LT 2, participants reported feeling
disturbed by neighboring individuals, especially if they
did not know each other, indicating that an optimal oc-
cupancy of the testing room would be approximately 10
participants per session. Leaving one empty seat between
participants can ensure no social interferences during the
test. Future investigations will implement these measures
to further refine and enhance the methodology for group
listening tests.
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