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Abstract

Today, the increasing need for inclusive school environ-
ments is driven by the growing population of neurodi-
vergent individuals, particularly those sensitive to sud-
den and loud noises. Addressing their specific needs
enhances their educational and social performance and
improves conditions for all students. Inclusive design can
lead to more effective learning environments, fostering a
sense of belonging and reducing stress for all occupants.
This study investigates the influence of acoustic stressors
in school environments that accommodate neurodiver-
gent individuals who are sensitive to sudden and loud
noises. The research focuses on identifying noise sources
such as objects falling, doors shutting, school bells and
chairs scraping. A range of classroom settings will be
simulated to determine whether the produced noise
could be configured as a potential stressor for autistic

individuals.

1. Introduction

In recent years, the need for inclusive spaces for
living and learning has become increasingly ur-
gent. Research by numerous scholars (Alison et al.,
2020; Sherilyn, 2018; Kanakri et al., 2017) on indoor
comfort has revealed that parameters such as
acoustics, and more specifically noise levels within
living environments, can significantly impact the
well-being of individuals in these spaces. This im-
portance is amplified in environments where indi-
vidual performance needs appropriate conditions,
such as schools. For instance, (Huang et al., 2012)
demonstrated that performance on specific tasks
decreased when background noise exceeded
50 dB(A).
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When considering neurodivergent individuals,
particularly those with autism, these thresholds
have yet to be determined. Testing on vulnerable
populations presents challenges, making it difficult
to obtain consistent responses from such tests.

The significance of acoustics within educational
buildings has been well-documented (Bistafa &
Bradley, 2000; Minelli et al., 2022). Research indi-
cates that parameters like reverberation time, clari-
ty, and speech intelligibility play crucial roles in
creating environments where students and teach-
ers can listen and speak effortlessly. However, de-
spite their scientific importance, these studies do
not provide guidelines regarding sound pressure
levels caused by common internal noise sources,
such as falling books or pens, scraping chairs,
slamming doors, and school bells. Many of these
auditory events are neither standardized nor inten-
tional but contribute to the overall acoustic climate
of a classroom, potentially causing stress for stu-
dents.

It is well-known (Chang et al, 2014; Belek, 2019)
that neurodivergent individuals are often more
sensitive to auditory events than neurotypical in-
dividuals. Therefore, this study aims to begin ex-
amining certain auditory events within classrooms
as potential stressors for neurodivergent individu-
als. Typical sources considered include a falling
book, a slamming door, a school bell, falling pens,
and a chair scraping the floor. These sources are
virtually placed within various real environments
to understand their impact on the typical acoustic
climate of a classroom (Megan et al., 2012; Noble et
al., 2018; Caren, 2016).
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2. Materials and Method

2.1 Environment

Three distinct environments were considered:

- Elementary school classroom

- Elementary school cafeteria

- University classroom

These environments were paired with their respec-

tive atriums or corridors, where school bells were

located. The classroom configurations were as fol-
lows:

- Reverberant classroom as found during site
inspections (Scenario 1)

- The same environment as the previous point,
but with the addition of sound-absorbing
materials to meet the UNI 11532-2 standard
(UNI 11532-2:2020, 2020) (Scenario 2).

2.2 Sound Sources

The following sound sources were considered as
acoustic stressors:

- Mechanical school bell (A)

- Dragging chair (B)

- Falling book (C)

- Falling markers (D)

- Slamming door (E)

3. Sound Level Measurement Methods

The noise sources were measured using a sound
level meter positioned one meter away in a semi-
reverberant field. The reverberation time of the
rooms was measured using the impulse response
technique with a logarithmic sine sweep source,
following the guidelines of UNI EN ISO 3382 (ISO
Standard, 2009).

3.1 Model Calibration

The three-dimensional model of the environments
was created through virtual reconstruction using
geometric surveys of the spaces. A 3D acoustic soft-
ware utilizing pyramid tracing algorithm was em-
ployed for acoustic simulations. The sound-
absorbing properties were assigned using the soft-
ware's database. The sound-absorbing material used

for the "absorptive” configuration included polyester
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fiber covered with an acoustically transparent mem-
brane, placed in square panels of 1.2 m x 1.2 m di-
mensions. The certified laboratory sound absorption

coefficient is as follows (Fig. 1):

Fig. 1 — Sound absorption coefficient of polyester fiber

4. Results and Discussions

The results of the experimental and numerical in-

vestigations are depicted below.

4.1 Sources Sound Pressure Levels

The measured levels of the considered sound

sources are reported in Fig. 2.

Sound source measurement at 1m
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Fig. 2 — Sound pressure levels of different sound sources

It is clear that the ringing bell is the only noise
source with a different frequency trend. All the
other sources present similar frequency trends,

yielding low frequencies.

4.2 2D-Sound Pressure Level Mapping

In the following pictures (Fig. 3-14), the 2D sound
pressure levels are reported for the condition
“open door” (for brevity) for the two above-
depicted scenarios (1= reverberant room, 2= room

with sound absorbing materials).
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Fig. 3 — Canteen with open door. Sound source: school bell.
Scenario 1 (UP), Scenario 2 (DOWN)

classroom

hall

classroom

hall

Fig. 4 — Elementary school classroom with open door. Sound
source: school bell. Scenario 1 (UP), Scenario 2 (DOWN)
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Fig. 5 — University classroom with open door. Sound source:
school bell. Scenario 1 (UP), Scenario 2 (DOWN)
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Fig. 6 — Canteen. Sound source: dragging chair. Scenario 1 (UP),
Scenario 2 (DOWN)
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Fig. 7 — Elementary school classroom. Sound source: dragging
chair. Scenario 1 (UP), Scenario 2 (DOWN)
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Fig. 8 — University classroom. Sound source: dragging chair.
Scenario 1 (UP), Scenario 2 (DOWN)
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Fig. 9 — Canteen. Sound source: falling book. Scenario 1 (UP),
Scenario 2 (DOWN)
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Fig. 10 — Elementary school classroom. Sound source: falling
book. Scenario 1 (UP), Scenario 2 (DOWN)
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Fig. 13 — Elementary school classroom. Sound source: falling
markers. Scenario 1 (UP), Scenario 2 (DOWN)

Fig. 11 — University classroom. Sound source: falling book.
Scenario 1 (UP), Scenario 2 (DOWN)
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Fig. 12 — Canteen. Sound source: falling markers. Scenario 1 Fig. 14 — University classroom — Sound source: falling markers.

(UP), Scenario 2 (DOWN) Scenario 1 (UP), Scenario 2 (DOWN)
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4.3 Frequency Trends Analysis

In Figs. 15-20 the frequency trends are depicted,
for each noise source, in all environments and
scenarios.
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Fig. 17 — Frequency trends — Falling books
Falling Markers
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Fig. 18 — Frequency trends — Falling markers
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Slamming Door
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Fig. 19 — Frequency trends — Slamming door

4.4 Discussion

It can be observed that in the different environ-
ments, the behavior of impulsive sources and those
with low frequencies (see Fig. 2) does not signifi-
cantly depend on the placement or scenario. How-
ever, the maps (Figs. 3-14) show a notable reduc-
tion in peak emission when the source is placed in
an absorptive environment. This reduction clearly
implies less stress for the occupants, particularly
for neurodivergent individuals.

Another noteworthy consideration is the levels
obtained. None of these sources fall below the 50
dB(A) threshold, where literature (Huang et al,
2012) indicates the onset of stress. Nevertheless, it
is important to distinguish between voluntary and
involuntary sources. The "falling book" and "falling
markers" are almost always involuntary and una-
voidable, typically resulting from distractions or
unintentional actions.

Conversely, the "slamming door" and "dragging
chair," though often unintentional in causing noise,
can be easily avoided with simple measures to
prevent acoustic stress for the occupants.

A special discussion is warranted for the school
bell. This source is intentional and serves the pur-
pose of signaling to students and teachers when it
is time to change classes, take breaks, or end the
school day. In some cases, it also functions as a fire
alarm. Because the bell is a deliberate source, its
position can be adjusted, or its volume can be mod-
ified based on actual needs. For example, the bell
can be relocated if there is a class with neurodiver-
gent individuals nearby (or the students can be
moved further away), ensuring that the corridor or
atrium is not excessively reverberant, which would
negate the distance effect. Another consideration is

its volume. As shown in Figs. 3-5, the maximum
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perceived level is always above 75 dB(A). This lev-
el is quite high, considering that a teacher should
not exceed 60 dB(A) at one meter (Zannin &
Zwirtes, 2009). Reducing the bell's volume could
mitigate the stress caused by this repeated, inten-
tional source. Alternative signaling strategies, such
as flashing lights or directional sound sources, can

also be employed to reduce the induced stress.

5. Conclusion

This paper has presented the preliminary investi-
gation on possible acoustic stressors for neurodi-
vergent hyperacusis individuals in school envi-
ronments. Diverse noise sources were considered,
included in virtual environments featuring several
conditions like open or close door, sound absorb-
ing or semireverberant sound field. Preliminary
considerations were made about the chance to mit-
igate the induced stress on neurodivergent indi-
viduals. Future works should include more scenar-
ios, noise sources and the compliance of the indoor
sound field with the national and European stand-

ards.

Acknowledgement

This work was partially financed by the European
Interreg BeSENSHome project, ITAT-11-016 CUP:
153C23001720007.

References

Alison Jayne Doherty, Helen Atherton, Paul Boland,
Richard Hastings, Lucy Hives, Kerry Hood,
Lynn James-Jenkinson, Ralph Leavey, Elizabeth
Randell, Janet Reed, Laurence Taggart, Neil
Wilson, Umesh Chauhan, “Barriers and facili-
tators to primary health care for people with
intellectual disabilities and/or autism: an integra-
tive review,” BJGP open, vol. 4, no. 3, 2020.
https://doi.org/10.3399/bjgpopen20X101030

Sherilyn M. Block, “Classroom Design and its
Influence on Students” Performance Within the

Autism Spectrum Diagnosis,” 2018.

Preliminary Investigations

S. M. Kanakri, M. Shepley, J. W. Varni, and L. G.
Tassinary, “Noise and autism spectrum
disorder in children: An exploratory survey,”
Research in developmental disabilities, vol. 63, pp.
85-94, 2017.

L. Huang, Y. Zhu, Q. Ouyang, and B. Cao, “A
study on the effects of thermal, luminous, and
acoustic environments on indoor
environmental comfort in offices,” Building and
environment, vol. 49, pp. 304-309, 2012.

S. R. Bistafa and J. S. Bradley, “Predicting
reverberation times in a simulated classroom,”
The Journal of the Acoustical Society of America,
vol. 108, no. 4, pp. 1721-1731, 2000.

G. Minelli, G. E. Puglisi, and A. Astolfi, “Acoustical
parameters for learning in classroom: A
review,” Building and Environment, vol. 208, p.
108582, 2022.

Chang YS, Owen JP, Desai SS, Hill SS, Arnett AB,
Harris ], Marco EJ, Mukherjee P, “Autism and
sensory processing disorders: shared white
matter disruption in sensory pathways but
divergent connectivity in social-emotional
pathways,” PloS one, vol. 9, no. 7, p. €103038,
2014.

Ben Belek, “Articulating Sensory Sensitivity: From
Bodies with Autism to Autistic Bodies,”
MEDICAL ANTHROPOLOGY, vol. 38, no. 1,
Art. no. 1, 2019.
http://doi.org/10.1080/01459740.2018.1460750

Megan C. Chang, L. Diane Parham, Erna
Imperatore Blanche, Anne Schell, Chih-Ping
Chou, Michael Dawson, Florence Clark,
“Autonomic and behavioral responses of
children with autism to auditory stimuli,” The
American Journal of Occupational Therapy, vol. 66,
no. 5, pp. 567-576, 2012.
https://doi.org/10.5014/ajot.2012.004242

B. Noble, N. Isaacs, and S. Lamb, “The impact of
IEQ factors on people on the autism spectrum,”
in International Conference of the Architectural
Science Association, 2018, pp. 27-33.

Caren S. Martin, “Exploring the impact of the
design of the physical classroom environment
on young children with autism spectrum
disorder (ASD),” JORSEN, vol. 16, no. 4, Art.
no. 4, 2016, https://doi.org/10.1111/1471-
3802.12092

599



Marco Caniato, Federica Bettarello, Arianna Marzi, Andrea Gasparella

UNI 11532-2: 2020 “Caratteristiche acustiche
interne di ambienti confinati-Metodi di
progettazione e tecniche di valutazione—Parte 2:
Settore scolastico (Acoustic characteristics of
indoor spaces—Methods of design and
evaluation—Part 2: School buildings).

I. S. O. Standard, “3382-1,” Acoustics-measurement
of room acoustic parameters-part 1:
performance spaces,”” International Organization
for Standardization, 2009.

600

P. H. T. Zannin and D. P. Z. Zwirtes, “Evaluation
of the acoustic performance of classrooms in
public schools,” Applied Acoustics, vol. 70, no. 4,
pPp. 626-635, 2009.



	The Influence of Acoustic Stressors in Educational Environments for Autistic Individuals: Preliminary Investigations / Marco Caniato, Federica Bettarello, Arianna Marzi, Andrea Gasparella

