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Abstract

Soundscape research generally assumes a uniform lis­
tener, yet people differ in how they process sound. 
This study tested whether neurotype shapes sound­
scape perception by comparing ADHD, Autistic and 
Neurotypical listeners (𝑛 = 30 per group) on ten field-
recorded soundscapes, delivered online as binaural 
stereo and rated on the ISO 12913-2 perceptual 
circumplex through a calibrated interactive task. 
Across the pooled soundscapes, ADHD listeners rated 
the soundscapes as less eventful than Neurotypical 
listeners (𝑝 = 0.043, though not significant once the 
repeated-measures structure was modelled), while 
pleasantness was unaffected; no significant differences 
were found when all three groups were compared 
together. The ADHD effect was small but consistent, 
appearing in the same direction in eight of the ten 
soundscapes rather than being driven by any single 
soundscape. ADHD listeners also showed a non-
significant trend towards more extreme responding. 
Consistent with recent evidence of preserved global 
auditory processing in autism, the Autistic group 
closely resembled the Neurotypical group on every 
measure (SPI = 92.4). The findings provide empirical 
support for an aural diversity framework for sound­
scape research, showing that neurodivergent groups 
differ from one another and should not be treated as 
a single category.
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1. Introduction

The circumplex model of soundscape perception was 
developed and validated with ‘typical’ listeners [1], 

Corresponding author: p.a.magrath@edu.salford.ac.uk
Copyright: ©︎2026 Paul Magrath et al. This is an open-access 
article distributed under the terms of the Creative Commons 
Attribution 3.0 Unported License, which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original 
author and source are credited.

and subsequent soundscape research has continued 
within this paradigm, treating the listening human 
as if they were an interchangeable component of the 
study. Its applicability to neurodivergent listeners 
has received little attention. However, one recent 
result suggests that sensorineural hearing loss alters 
soundscape perception [2]. There are also many other 
different types of hearing and listening differences 
between groups and individuals, such as the auditory 
processing differences observed in autistic and ADHD 
laboratory participants [3], [4]. Aural diversity is a 
recent concept that seeks to replace the binary model 
of normal/impaired hearing, with a model of a diverse 
spread of different hearing types [5]. From an aural 
diversity perspective, averaging the response of all 
listeners recruited to a soundscape study (and tacitly 
labelling the mean response as typical) is likely to 
hide interesting differences between different types of 
listener. Exploring these differences might lead to new 
insights about soundscape perception and the sound­
scape of different types of locations.
This research explores how individuals with attention 
deficit hyperactivity disorder (ADHD), autism, and 
typical development (NT) interact with recordings 
of real-world acoustic environments presented online. 
The recordings included natural, human and man-
made sounds, all expected to be rated as calm and 
pleasant. The aim here was to see if this held across 
neurotypes. An interactive web-based version of the 
traditional circumplex model was developed, and par­
ticipants from the three neurodevelopmental groups 
located a selection of these recordings on the two axes 
of the model: pleasant to unpleasant and eventful to 
uneventful. In addition to exploring the perceptions of 
three different groups of listeners, this research tests 
an assumption that has been left implicit in much 
of the soundscape research to date, namely that the 
listener is a fixed entity, and investigates the impli­
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cations for the circumplex model should this not be 
the case.
The research is informed by an aural diversity frame­
work and includes all neurodivergent individuals 
within its scope. The perceptions of neurodivergent 
individuals are recognised as being different to those 
of Neurotypical individuals and not less than or infe­
rior [6].

2. Method

2.1. Design

The mixed-design study used neurotype (ADHD, 
Autistic, Neurotypical) as a between-subjects factor 
and soundscape (the same ten soundscapes) as a 
within-subjects factor, and all participants rated all 
soundscapes.

2.2. Participants

Ninety adults took part in the study in total, thirty in 
each of the three diagnostic groups. The participants 
were recruited through the online human-subjects 
platform Prolific. They were assigned to groups on 
the basis of a self-reported formal diagnosis. Partic­
ipants also completed items from the Adult ADHD 
Self-Report Scale (ASRS-v1.1) [7], the Autism Spec­
trum Quotient (AQ-10) [8], and a demographic and 
neurotype questionnaire. Responses to five of the six 
ASRS Part A items were collected using an adapted 
four-point scale, so no standard ASRS screening clas­
sification was reported. Participants completed the 
study in their own desktop Chrome browser and were 
asked to wear wired headphones. The study had been 
approved by the University of Salford ethics panel 
(Ref. 6785), and participants completed the online 
study after providing their consent for participation.

2.3. Soundscape stimuli and audio processing

Since the online experiment took place entirely within 
a browser, the original first-order Ambisonic field 
recordings could not be distributed directly. The four-
channel ACN/SN3D AmbiX 96 kHz WAV recordings 
were decoded offline in REAPER 7.35 using the 
ambix_binaural_o1 decoder with the icosahedron 
3h3v preset, preserving both azimuth and elevation 
cues within the reproduced sound field [9], [10]. The 
binaural renderings were then encoded as 44.1 kHz 
stereo WAV using UHJ (Stereo Summation of Holog­
raphy), which delivers spatial audio in a conventional 
two-channel format whilst retaining substantially 
more spatial information than standard stereo. Stereo 
UHJ soundscape reproduction has been shown to 
achieve a level of ecological validity comparable to 
surround-sound presentation, supporting its use for 
online soundscape research where laboratory listening 
conditions cannot be controlled [11].
All soundscapes were normalised, after binaural de­
coding, to an integrated loudness of −18 LUFS with 
a conservative true-peak ceiling of −1.0 dBTP, in 
accordance with AES guidance for audio distributed 
by streaming and as files over networks [12] (AES 

TD1004.1.15-10). This balances consistent playback 
across recordings against the preservation of sufficient 
dynamic range for perceptual evaluation, prevents 
clipping and codec-induced overshoot, and ensures 
that any perceived difference is attributable to the 
soundscapes themselves rather than to differences in 
playback level between them.
The ten normalised binaural stereo stimuli, individual 
processing records, and analysis code are archived and 
openly available at https://doi.org/10.5281/zenodo.
20997635 [13].

2.4. Response measures

Two instruments were completed online for each of the 
ten soundscapes via the Gorilla Experiment Builder, 
the interactive circumplex (IC) first. The IC (ISO 
12913-2 [14]) was the primary measure: participants 
rated each soundscape on two dimensions, pleasant/
unpleasant and eventful/uneventful, by indicating a 
single point, whose 𝑋 and 𝑌  coordinates formed the 
data analysed for each soundscape. Prior to analysis 
the IC interface was calibrated against a series of 
reference points to establish the mapping between 
interface coordinates and circumplex coordinates, and 
participant responses were then projected onto the 
Pleasantness and Eventfulness dimensions that form 
the principal axes of the model.
For validation, participants rated each soundscape 
on four seven-point bipolar semantic-differential 
scales: Pleasant–Annoying, Calm–Chaotic, Monot­
onous–Eventful, and Blend (clashing–harmonious). 
These were analysed separately: the ISO Pleasant and 
ISO Eventful coordinates were derived from the IC 
click coordinates alone.

2.5. Analysis

Analysis was carried out in Python 3.11 in two stages: 
the pooled data across all ten soundscapes first, then 
per-soundscape comparisons. Circumplex coordinates 
were oriented so that the highest eventful scores plot 
at the top of the ISO 12913-2 (2018) circumplex. The 
Soundscape Perception Index (SPI), a context-depen­
dent measure of soundscape perception that plots in 
the two-dimensional space of the circumplex [15], was 
calculated. The two-dimensional SPI distributions of 
the three listener groups were compared with a bivari­
ate Kolmogorov–Smirnov test [16], and were modelled 
as multivariate skew-normal distributions [15], [17] 
fitted by maximum likelihood using a differential-
evolution global optimiser with the random seed fixed 
for reproducibility.
As the data were non-parametric, the pleasantness 
and eventfulness ratings for the different soundscapes 
were compared between the three listener groups with 
a Kruskal–Wallis test followed by pairwise Mann–
Whitney 𝑈  tests, first on the pooled data across 
all ten soundscapes and then separately for each 
soundscape, with the 𝑝-values for the per-soundscape 
comparisons corrected for the false discovery rate by 
the Benjamini–Hochberg method [18]. The extremity 
of individual listeners’ responses was calculated as 
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Table 1: Pooled comparison on both circumplex dimensions across all ten soundscapes (𝑛 ≈ 291–296 per group). Mdn is 
the group median (A = ADHD, Au = Autistic, NT = Neurotypical); KW 𝐻 and KW 𝑝 are the Kruskal–Wallis statistic 
and 𝑝-value across the three groups; the final three columns give pairwise Mann–Whitney 𝑝-values.

Dimension MdnA MdnAu MdnNT KW 𝐻 KW 𝑝 A–NT 𝑝 A–Au 𝑝 Au–NT 𝑝
ISO Eventful 0.38 0.44 0.44 4.88 0.087 0.043 0.077 0.756
ISO Pleasant 0.69 0.68 0.68 1.04 0.594 0.493 0.317 0.765

the radial distance from the origin of the circumplex 
model, 𝑟 =

√
𝑃 2 +𝐸2, and compared with the same 

tests. All statistics were computed with SciPy [19], 
the circumplex scatter and density plots with Sound­
scapy [20], and the two-dimensional kernel-density 
estimates of the SPI distributions with SciPy’s Gauss­
ian kernel-density function.

3. Results

3.1. Eventfulness

Not every participant rated every soundscape, giving 
294 (ADHD), 296 (Autistic) and 291 (Neurotypical) 
eventfulness responses from the 90 participants, with 
each soundscape rated by at least 28 of the 30 partic­
ipants in each group.
Analysis of the eventfulness ratings showed that the 
ADHD group rated the soundscapes as less eventful 
than the Neurotypical group (median ISO Eventful 
0.38 versus 0.44; Mann–Whitney 𝑈 = 38,640, 𝑝 =
0.043). The omnibus tests, the pleasantness compar­
isons and the per-soundscape tests after correction 
were all non-significant. There was no significant dif­
ference between the Autistic and Neurotypical groups 
(𝑈 = 42,428, 𝑝 = 0.756), and a Kruskal–Wallis test 
comparing all three groups was non-significant (𝐻 =
4.879, 𝑝 = 0.087). Because each participant rated up 
to ten soundscapes, the contrast was repeated in a 
linear mixed-effects model with participant as a ran­
dom intercept: the difference remained in the same 
direction but was not significant (estimate −0.037, 
𝑧 = −1.19, 𝑝 = 0.232; ICC = 0.24).

Figure 1: Pooled circumplex responses for the three 
groups; each point is one soundscape response on the cali­
brated ISO circumplex.

The same tests were then applied soundscape by 
soundscape on both dimensions. No individual sound­
scape reached significance after correction (all FDR-
corrected 𝑝 > 0.38); the single nominally significant 

pairwise result, on the pleasant axis at Seahouses Har­
bour (𝑝 = 0.039), did not survive correction (𝑝FDR =
0.386). On the eventful dimension the ADHD median 
fell below the Neurotypical median in 8 of the 10 
soundscapes, and the Autistic median in 4 of the 10, 
consistent with a small, general effect rather than one 
driven by any single soundscape. Full per-soundscape 
statistics are available in the archived dataset [13].

3.2. Pleasantness

Pleasantness ratings for all three groups were very 
high, with all soundscapes placed within the pleasant 
end of the ISO Pleasant space, and the centroids for 
all three groups falling within the pleasant region. A 
Kruskal–Wallis test revealed no significant differences 
between the three groups (𝐻 = 1.042, 𝑝 = 0.594), and 
a Mann–Whitney 𝑈  test between the ADHD and 
Neurotypical groups likewise found no significant dif­
ference (𝑈 = 44,178, 𝑝 = 0.493).

3.3. Quadrant distribution and circumplex 

structure

All three groups’ distributions of soundscape percep­
tions had their modal location within the calm 
quadrant of the model space (ADHD 53.7%, Autistic 
49.7%, Neurotypical 48.8% of responses), with skew-
normal location parameters 𝜉 in (ISO Pleasant, ISO 
Eventful) coordinates of (0.889, 0.454), (0.988, 0.293) 
and (0.923, 0.228) respectively. On the eventful axis 
the ADHD median fell below the Neurotypical median 
(0.38 versus 0.44), a difference also visible in the group 
density distributions (Figure 2).

3.4. Response extremity

All three groups produced extreme ratings, but to 
differing degrees (Figure 3). The median radial dis­
tance from the circumplex origin was largest for the 
ADHD participants (𝑟 = 0.77), intermediate for the 
Neurotypical (𝑟 = 0.71) and smallest for the Autis­
tic (𝑟 = 0.68), but the difference was not significant 
(Kruskal–Wallis 𝐻 = 5.494, 𝑝 = 0.064), and neither 
the ADHD-versus-Neurotypical contrast (𝑝 = 0.056) 
nor the Autistic-versus-Neurotypical contrast (𝑝 =
0.672) reached significance. A larger sample would be 
needed to settle whether the trend is genuine.

Figure 3: Radial response distance from the circumplex 
origin; larger values indicate more extreme judgements.
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Figure 2: Group-specific density heatmaps illustrating regions of highest response concentration within the circumplex 
space.

3.5. Distributional overlap

The Soundscape Perception Index (SPI) for all sound­
scapes combined was calculated from the bivariate 
Kolmogorov–Smirnov distance between the distribu­
tions of the listener groups, and so compares those 
distributions as a whole. Those of the Autistic and 
Neurotypical listeners were highly similar (SPI =
92.4; 𝐷 = 0.076; 𝑝 = 0.580), whereas the ADHD dis­
tribution showed greater deviation from both of the 
others, most of it from the Neurotypical listeners on 
the eventful axis (SPI = 87.7; 𝐷 = 0.123; 𝑝 = 0.083). 
The distributions on the pleasant axis were negatively 
skewed for all three groups and clustered on the pos­
itive (pleasant) side of the scale, with the ADHD and 
Autistic skews larger than the Neurotypical (−0.47, 
−0.46 and −0.35 respectively).

3.6. Semantic-differential validation

The semantic differential supported the circumplex 
findings, in that the majority of the stimuli were 
found to lie in the calm and monotonous quadrant 
of the model. The semantic-differential question­
naire showed no differences between listener groups 
(Kruskal–Wallis, all 𝑝 > 0.55). Its Pleasant–Annoy­
ing and Monotonous–Eventful ratings converged with 
ISO Pleasant (𝜌 = −0.58) and ISO Eventful (𝜌 =
0.57), respectively (𝑛 = 881); the two most extreme 
stimuli matched those from the circumplex compar­
ison: Robin Wood’s Rock was perceived as the most 
pleasant soundscape, and Peel Park Bridge (Bin and 
Bike) as the most eventful.

4. Discussion

Much soundscape research treats the perceiving lis­
tener as fixed or interchangeable. The results of this 
study support this view only in part: the ADHD group 
evaluated Pleasantness similarly to the Neurotypical 
group but rated the soundscapes as less eventful 
(𝑝 = 0.043), the only dimension on which either neu­
rodivergent group deviated from the Neurotypical 
pattern.
The differences were quite small. No individual sound­
scape reached significance once corrected for multiple 
comparisons, yet the ADHD medians fell below the 
Neurotypical medians for 8 of the 10 soundscapes, by 
a small margin of typically around 0.05 on the ISO 
Eventful scale.

One interpretation consistent with this pattern is that 
the difference lies in how event content is registered 
rather than in how it is evaluated. Under Dunn’s 
model of sensory processing, ADHD is associated 
with low registration, a higher threshold for taking in 
sensory information, so that events in a soundscape 
are noticed less readily [21]. Arousal-based accounts 
of ADHD, in which suboptimal cortical arousal alters 
responses to sensory stimulation, make a compatible 
prediction [22]. A listener who registers fewer of a 
soundscape’s acoustic events might therefore locate it 
lower on the Eventfulness dimension whilst evaluating 
its Pleasantness in a similar way, broadly consistent 
with the pattern observed here, though the study 
was not designed to distinguish between competing 
mechanisms. The response-extremity trend points 
tentatively in a compatible direction: ADHD listeners 
used the outer edges of the circumplex somewhat 
more than the other groups, as though responding 
more categorically, though this remained a non-signif­
icant trend.
The findings for the Autistic group are less dramatic 
but no less important. A sensory-sensitivity account 
would have predicted that Autistic listeners, if any­
one, would diverge most strongly [21]. They did not. 
On every axis and on the distributional measures, the 
Autistic group tracked the Neurotypical group closely 
(SPI = 92.4), and more closely than the ADHD group 
tracked either. These findings suggest that there is 
no simple category of ‘neurodivergent’: rather than 
treating neurodivergent listeners as a single homoge­
neous group, ADHD and autistic listeners should be 
considered as distinct populations with different pat­
terns of soundscape perception, and this supports the 
need for an aural diversity perspective in soundscape 
research.
The circumplex requires listeners to integrate multi­
ple acoustic sources into an overall judgement, making 
it fundamentally a task of global auditory processing 
rather than a set of responses to individual sound­
scape components. The autism perception literature 
distinguishes local-biased from global processing: 
Weak Central Coherence proposes a detail-focused 
style in which local information is preferentially 
processed [23], while Enhanced Perceptual Function­
ing proposes enhanced local processing alongside 
preserved global capacity, particularly within the au­
ditory domain [24]. A recent systematic review and 
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meta-analysis of twenty-five studies involving more 
than 500 autistic participants found that global audi­
tory processing did not differ significantly between 
autistic and neurotypical participants (Hedges’ 𝑔 =
−0.05), whereas local auditory processing showed a 
modest advantage in autism (Hedges’ 𝑔 = 0.29, 𝑝 <
0.05) that was attenuated after removal of outlying 
studies [25]. The close correspondence between the 
Autistic and Neurotypical groups here is therefore 
consistent with autistic listeners retaining intact 
global auditory processing despite enhanced local pro­
cessing, rather than representing an unexpected null 
finding. Autistic listeners may therefore differ primar­
ily in the processing of local auditory features rather 
than in global soundscape evaluation, which future 
research could examine alongside overall circumplex 
judgements.
Taken together, the findings offer qualified support 
for the study’s premise. The listener is not perfectly 
interchangeable: at least one neurodivergent group 
perceived Eventfulness differently, consistently, and 
in a direction consistent with a recognised model of 
sensory processing. More broadly, variation within 
the listener population may contribute to variation 
in circumplex outcomes: soundscape assessments may 
reflect characteristics of listeners as well as of places, 
a possibility future research will need to address 
directly.

4.1. Limitations

The non-significant omnibus tests on both dimensions 
do not, by themselves, support the claims made here; 
the support rests on a single pairwise contrast for the 
ADHD group that was not predicted in advance, is 
of modest magnitude, does not survive modelling of 
the repeated-measures structure, and requires confir­
mation in a pre-registered replication. Restricted to 
the 73 participants who rated all ten soundscapes, the 
ADHD-below-Neurotypical direction holds in 6 of the 
10 soundscapes rather than 8. Group membership was 
self-reported, the sample was self-selected through an 
online panel, and with thirty participants per group 
the extremity and SPI trends may simply be under­
powered. The corroboration between the IC and the 
semantic differential lends some confidence that the 
coordinates reflect perception rather than interface 
behaviour.
Online delivery is increasingly common in soundscape 
research, yet it inherits a long-standing problem with 
web-based listening: the experimenter cannot control 
how loudly, or on what equipment, a participant 
hears the stimuli [26]. Normalising all soundscapes to 
a recognised broadcast loudness target (−18 LUFS, 
−1.0 dBTP) [12] removes a between-soundscape level 
confound, which matters here because the principal 
finding is a difference in eventfulness across sound­
scapes; it does not remove the variation in each 
listener’s own playback chain, and it assumes a con­
stant playback volume throughout, which could not 
be verified beyond the wired-headphone requirement.

The meta-analytic evidence cited above [25] was not 
gathered on soundscape stimuli, and no comparable 
body of evidence yet exists for complex, multi-source 
auditory scenes. This points to a broader limitation 
of the circumplex model itself for aural diversity re­
search: it reduces a soundscape to two aggregate coor­
dinates and cannot, on its own, distinguish a listener 
who arrives at a coordinate through typical integra­
tion of the whole scene from one who arrives at the 
same coordinate by a different perceptual route. Two 
groups landing on the same point of the circumplex, as 
the Autistic and Neurotypical groups did here, are not 
necessarily using the same underlying process to get 
there. Establishing that would need methods sensitive 
to individual- or trial-level processing, rather than 
the aggregate, group-level judgements the circumplex 
model was designed to produce.

5. Conclusion

This study demonstrates the value of the circumplex 
for capturing global soundscape perception. A small 
difference in Eventfulness between ADHD and Neu­
rotypical listeners emerged in the pooled analysis, 
although it was not significant in the mixed-effects 
model. Autistic and Neurotypical listeners never­
theless produced closely aligned global judgements. 
These findings underline both the value and the 
scope of the circumplex: similar positions within it 
should not be taken as evidence of identical percep­
tual processing. As soundscape research embraces 
aural diversity, the task is not only to ask whether 
groups differ, but to ensure that the methods used 
are capable of answering the specific questions posed. 
Understanding the perceptual processes underlying 
these global judgements may require complementary 
approaches that extend beyond the circumplex.
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