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Figure 1: A storyboard showing MySensory in use. An autistic user wears the earpiece in a busy environment and receives
a notification from their phone alerting them that the environment may be overwhelming for them, allowing them to take

preventative action by putting on noise canceling headphones.

Abstract

Assistive technologies designed for autistic users often aim to treat
the condition through training them to engage or not engage in
certain behaviors. This has encompassed the disruption of self-
injurious actions as well as other evidently essential interventions,
but it has also expanded into areas such as "appropriate’ eye contact
and other subjective communication forms. However, few technolo-
gies serve as prostheses to aid autistic people in challenging areas.
Many autistic individuals face sensory processing differences, lead-
ing to over-reactions to stimuli such as loud noises, and struggle
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with Alexithymia which causes difficulty identifying and describing
one’s own emotional state. Together, these conditions can cause
autistic people to become overwhelmed in certain environments
without realizing until it is too late to take actions to prevent ex-
treme distress. This paper introduces a wearable prosthetic designed
to address this problem by using reported stress and noise levels to
alert users about potentially overwhelming environments
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1 Introduction

Autism is a lifelong neurodevelopmental disability characterized
by restricted and repetitive patterns of behavior, and difficulties
with social interaction. 95% of autistic people have some degree
of sensory dysfunction [46]. Sensory over-responsivity is present
in individuals throughout the autistic spectrum with no link with
intellectual ability [19] but there is a strong link between Autism
Quotient (AQ) score and sensory processing differences (SPD) [38].

Neurological threshold theory suggests a modulation anomaly
in autistic individuals which results in hypo- or hyper-reactive
sensory profiles [18], where people experience sensory input as
significantly weaker or stronger than the general population would.
SPD has a profound impact on daily life for the individual and their
family and can result in extremely risky behaviors such as run-
ning into a busy street to avoid an undesirable sensory input [7]. It
has also been linked with anxiety disorders for autistic individuals
[23] with evidence suggesting that SPD causes increased anxiety,
particularly during social interactions [13]. Chronic stress from
sensory distress has been suggested to contribute to a variety of
medical conditions [30] and can contribute to poorer healthcare
outcomes (and reduced lifespans) in the autistic population [41].
Meltdowns can occur in autistic people with SPD and often mani-
fest as extreme distress, a loss of logic, and extreme behaviors such
as self-harm or aggression [29]. Repeated sensory distress can con-
tribute to burnout, and autistic people in burnout often experience
a further reduced tolerance of stimulus [37], resulting in a cycle of
dysfunction.

Gaining a better understanding of an individual’s SPD as a mech-
anism for behavior could allow simple interventions to be identi-
fied [39]. However, existing systems for analyzing an individual’s
sensory profile tend to be in the form of questionnaires with stan-
dardized and closed-ended questions [42]. Strategies to support
autistic people with SPD include sensory integration therapy, envi-
ronmental modifications [4], and assistive technologies [34]. Sen-
sory integration therapy is somewhat controversial due to its links
to applied behavioral analysis therapies [51] and questions over its
effectiveness [28].

The following literature review will aim to describe the preva-
lence and impacts of SPD for autistic people, and what solutions
are currently available to address them. We then identify the lack of
available assistive technology for noise sensitivity in the context of
Alexithymia. A prototype design for noise sensitivity is presented
which would use user reported stress and environmental noise
monitoring to notify the user when they are in an environment
which is likely to cause them sensory distress.
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2 Background and Related Work

2.1 Audio processing differences in autism

50-70% of autistic people will experience decreased sound tolerance
at some point in their lives. This can come in the form of hyperacu-
sis, misophonia, or phonophobia [52]. Neurological thresholds for
volume of sound in autistic people with hyperacusis are measurable
and are demonstrably lower than non-autistic people [25].

2.2 Alexithymia

Alexithymia is a common comorbidity with autism that presents
as difficulty identifying and describing one’s own emotional state.
This condition may be responsible for the difficulty autistic people
have with recognizing the emotions of others [5]. Autistic children
with higher measures of sensory responsiveness tend to also have
high levels of Alexithymia and communication difficulties [17].

Uncertainty causes significant anxiety in autistic people, an issue
which is compounded by the impacts of Alexithymia that prevent
successful prediction of their own feelings and subsequent behav-
iors [32]. Treatments for anxiety in this population may need to
target the mechanisms surrounding anxiety (sensory difference and
Alexithymia) rather than the anxiety itself [43].

Alexithymia and sensory difference as a combined experience
can create significant difficulty as individuals may not know they
are becoming overwhelmed by their environment until it is too late
to prevent significant distress and disruption. Due to the 50-70% of
autistic people experience noise sensitivity, Alexithymia can make it
difficult for them to understand, predict, and therefore prevent their
own sensory distress in this scenario. This can have a devastating
impact on their daily activities, health, and relationships.

2.3 Assistive technology for SPD

Assistive technology (AT) for autistic people has previously often
served a therapeutic purpose rather than a prosthetic one, aiming to
train the user rather than assist them directly. In one review, social
skills training made up more than half of all AT for autistic people,
with a high prevalence of robots and virtual environments rather
than real-world support [9]. AT addressing SPD is key to greater
inclusion for autistic people [49] but has received far less attention
than tools that target physio-social activities [16]. This could be due
to SPD being a highly complex and individual condition, making
targeted solutions challenging.
Existing AT tends to be aimed at:

e Expanding sensory tolerance over time by supporting sen-
sory integration training [45].

e Providing stimulation by facilitating self-stimulatory behav-
iors [22], providing desirable feedback such as pressure [26]
or interactive multi-sensory devices. These solutions do not
need to be specific to a form of sensitivity as their use is
flexible and can often address a variety of forms of sensory
difficulty within a single product.

o Facilitating avoidance of stimulation. For example, adaptive
clothing that uses specific fabrics, no tags, and less trimming
to accommodate tactile sensitivity [33].

e Increasing understanding that users have of their own sen-
sory needs. No papers were found in this review that had


https://doi.org/10.1145/3715668.3736366
https://doi.org/10.1145/3715668.3736366

MySensory: a Novel Solution for Sound Hyper-Reactivity in Autism

this as a primary aim, but it is likely that AT in the cate-
gories described above may improve understanding some-
what through exposure to a variety of sensory inputs.

Due to the variety of sensory profiles within autism and open-
ended use of designs, the above category that an individual piece
of AT falls into is not definitive and often relates more to the way
it is used than the design itself. Prosthetic solutions for SPD aim
to immediately decrease discomfort whilst they are in use whereas
therapeutic solutions aim to decrease long-term discomfort by in-
creasing tolerance.

No papers were found where the primary aim of the AT presented
was to increase understanding of an individual’s sensory profile.
Furthermore, no papers were found that addressed Alexithymia
with AT in the context of autism. One case report used emotional
training via virtual reality to treat Alexithymia in a stroke patient
[15]. This was meant to support existing treatments rather than
acting as a prosthetic for the user.

Current AT solutions targeted at audio SPD often focus on speech
comprehension using systems like remote microphones [21] or
classroom amplification [36]. AT targeted at noise hyper-reactivity
are usually low-tech e.g., headphones that facilitate avoidance of
loud sounds. These solutions can be insufficient in the context of
Alexithymia as a user may not realize that they are reaching their
tolerance limit for sound in time to use these preventative tools.

The rest of this paper will aim to address the gap in prosthetic
solutions for Alexithymia in autistic people with noise hyper reac-
tivity by exploring the following research question:

In what way could a device that combines monitoring of environ-
mental noise with user-reported stress levels to foresee impending
sensory distress engage with an autistic user?

In this project, three separate prototypes were produced, includ-
ing an Arduino to test the sound and stress data capture, the 3-D
printed wearable element, and the wire frame app. In a finished
product, environmental noise and stress data would be collected by
a wearable device connected via Bluetooth to the app which sends
predictions of oncoming stress to the user.

3 Prototype design
3.1 Design considerations

Several wearables have been designed to support autistic people
with social activities [2, 24, 27, 50, 53] or detect stress through phys-
iological data collection [1, 3, 8, 44, 48] but wearables have not yet
been utilized to monitor the sensory environment of an autistic
user as a way of anticipating oncoming stress. Environmental mon-
itoring wearables generally have been integrated with many smart
watch devices and some have been designed for specific scenar-
ios such as monitoring adherence to workplace noise level limits
[26, 47].

When designing a wearable for autistic users (especially those
with SPD), there are additional factors that must be considered.
AT that is inappropriate for an autistic person’s sensory needs
can result in discomfort and rejection of the device [26]. However,
considerations for hypo- vs hyper- reactive sensory profiles can be
in direct contradiction with one another [10]. Generally, designers
should be avoiding unexpected sensations like vibration or sound
but the variety of requirements that SPDs can create mean that it
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is important to ensure the design of wearables for autistic people
are flexible and allow for customization where possible [6, 31].

Personal experience of an author of this work as a person with
autism has shaped our approach to the concept and design of this
project. The system was also discussed extensively with three autis-
tic individuals in an informal, friendly setting, and adjusted accord-
ing to their feedback.

3.2 Wearable devices

The device is primarily worn on the ear to obtain accurate sound
data by minimizing the effect of clothing and acoustic shadow
from the body [14]. This position also allows the wearable to inte-
grate with existing AT by fitting under noise canceling headphones,
which would otherwise distort results by blocking the user from
noise which the device would still detect. A variety of audio data
elements could be considered (e.g., pitch or specific sounds) but
the current design focuses on identifying the loudness of sound in
the user’s environment so would be useful mainly for those with
hyperacusis SPD. A prototype was built for this project which used
an LM393 Sound Detection Sensor Module to detect volume. This
functioned adequately to illustrate the idea.

The wearable prototype features two distinct buttons (see Fig 2).
The small button turns the device on and off and the large button
allows the user to register that the environment they are in is
too loud for them. This data is correlated with the noise in their
environment in the time leading up to the button being pressed to
allow future predictions of stress to be made more accurate as the
device is used.

The final prototype can be worn on the ear, on the wrist, or
attached to a badge via a magnet and pinned to clothes, allowing
the user to decide the most comfortable way for them to wear it.
This is not a functional prototype, and instead illustrates the ideas
and begins to consider user interactions.

Some researchers have suggested that AT for autistic people
should look as subtle and unobtrusive as possible to maximize
acceptability by the user and others [40, 44]. However, making a
device look ‘normal’ or invisible are not the only ways to improve
acceptability and could perpetuate a negative stigma that visible
AT carries.

Faucett et al. (2017) investigated the complexity of visibility in
AT and its effect on disabled individuals, highlighting that the vis-
ibility of a disability is a complex interplay between the disabled
body, their devices, and the observer’s knowledge [20]. For example,
hearing aid users often perform customizations on their devices to
encourage themselves to wear them more often [35]. By personal-
izing their AT, they are integrating them within their identity and
using them as a tool for self-expression.

The designed wearable will aim to increase customization to
allow users to decide how their AT appears. The final prototype
is 3D printed with rigid, flat surfaces to allow for easy decoration
and redecoration. The 3D model of the casing could also be made
available to allow for easier wrapping design by users. In the fu-
ture, customization of the casing at point of manufacture could
be considered, including color, texture, and perhaps even material
depending on what is financially viable.
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Figure 2: Iterated prototypes made of wire and paper, clay, and 3D printed materials in the left, middle and right image,

respectively

3.3 Corresponding app

The connected app has been designed as a wireframe and begins to
consider what additional data may be useful or viable to collect from
users to improve the accuracy of their stress predictions (see Fig 3).
It notifies users when they are near to a predicted overwhelm or
meltdown and allows users to track trends to better understand their
personal sensory profile. Settings such as time between prediction
and notification, and form of notification can be controlled by the
user. Predictions can be made more accurate with a simple and
short morning survey asking the user about other stress predictors
such as sleep [3]. Users can also log sensory distress in the app,
which allows them to contribute data for past distress that they
may not have registered at the time. Additionally, for individuals
with higher support needs, a caregiver could have access to the
app. Machine learning frameworks used previously in literature
for stress detection [11, 12] would allow for stress predictions in
noisy environments based on previous examples when the user
was overwhelmed.

4 Conclusion and Future Work

SPDs in the context of Alexithymia can cause immense distress
for autistic individuals, making an already challenging experience
of certain environments even more unpredictable. The design for
MySensory presents the beginnings of an assistive technology to
address this complex issue by focusing on giving maximum control
and choice to the user, rather than dictating a particular behavioral
response to the information it provides.

The design would need further research and testing before the
device is evaluated. Beyond the technical considerations of gaining
more accurate noise data, it would be a vital first step to establish
that an accurate prediction model for sensory distress can be created
based on the system described and that receiving these predictions
would provide value to the user. This will require testing of different
machine learning algorithms that can produce the best experience
for users with Alexithymia.

There are limitations if a user does not give correct feedback
due to not recognizing they were overwhelmed which may lead to
bad prediction performance in the machine learning model. Future

investigations might explore additional data collection methods
that could enhance prediction accuracy, like sleep monitoring or
measuring biometric stress through galvanic skin response and
heart rate variability, minimizing the required manual input from
users. Additionally, examining which types of system interactions
significantly affect users may also be beneficial. Furthermore, it
would be essential to consider the wide range of autism experiences
and ensure that our research explores how the device may support
those with high and low support needs, where possible.

Future developments will involve autistic individuals actively in
the co-design and evaluation phases, particularly to verify assump-
tions regarding stress notification timing, the design of devices, and
notification methods. This will allow users input on the ethics of
monitoring and predicting stress of autistic populations.
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