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ABSTRACT

The study of human responses to sound generally recognises the great importance of taking into
account the diversity existent in sounds and acoustics environments, but it rarely adopts the same
approach with respect to the diversity in human beings and their responses, providing results as
averages meant to represent the ‘normal’ response, and disregarding discrepancies as ‘outliers’. In
this paper, neurodiversity and autism is presented as part of the aural diversity factors that can
lead to having different experiences of sounds, and an ongoing doctoral research project aiming at
representing autistic people’s experiences of the acoustic environment is introduced. Differences in
perception of sounds can entail different challenges and needs, that are not currently contemplated
in acoustics and soundscape research. The authors believe that all these aspects ought to be
considered to widen our understanding of the field, to improve research and practice, and to create
acoustic environments that are not just designed for a limited part of the population.

1. INTRODUCTION

Methods used in research on the perceptual evaluation of sound and other stimuli are often oriented
to collect quantitative data from a cohort of participants, where data is processed through statistical
analysis. After this analysis, experiences that deviate significantly from the average response are
normally categorised as outliers. While these methods and analyses can facilitate the
implementation of more cost-efficient research and policies in the short-term, they can result in
problematic conclusions on a theoretical and a practical level when solutions and standards are
based on “the average response”, and when this response is subsequently identified as “typical”.

In addition, common and important environments like homes, schools, healthcare facilities or
offices, are usually designed using the required values in acoustics standards as targets, when
instead these are intended as minimum quality standards or limits beyond which organisations and
authorities have the obligation to take actions [1,2]. Moreover, these limits and recommendations
do not prevent negative effects, especially in the vulnerable population and people with higher
sensitivity [3,4].
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Autistic and other neurodivergent people are likely to have significant sensorial differences, such as
an increased auditory sensitivity. This kind of aural diversity [5] is usually not considered in the
design of regulations and standards in environmental and building acoustics, which base their
requirements on average values representing “standard” hearing capabilities and sensitivity. Thus,
the psychological and physiological response of vulnerable groups and people with higher
sensitivity to noise is not appropriately taken into account, which can result in high levels of long-
term distress and other important negative effects of noise for health and well-being.

1.1. Project overview
The project presented in this article seeks to understand common challenges and positive aspects of
the acoustic environment, addressing some of the consequences of the lack of diversity in sound
perception studies, with the aim of developing recommendations to be considered for the creation of
more inclusive spaces.

The findings from the project should ultimately identify solutions that will allow controlling the
acoustical sensorial inputs in the design of acoustic environments that can constitute a barrier for
autistic people.

It is important to note that it is not the intention of the proposed research to form generic
conclusions about the experience of all autistic people with sound. As with other factors involving
perception, experiences and effects can vary significantly from one person to another, as well as in
different moments in life or even in the same day for the same person.

2. BACKGROUND

This section presents the main aspects considered within the fields involved in the project, including
some of the most relevant background literature covering them. Some of these aspects are
perceptual evaluation of sound in acoustics, the consideration of vulnerable groups in noise
guidelines, sensorial differences in autistic people and some of the health risks associated to higher
noise sensitivity.

2.1.  The evaluation of acoustic environments

The standardised techniques used in acoustics to evaluate the adequacy of environments are based
on measurements of physical parameters such us sound pressure levels during different periods,
reverberation time, or sound level reduction provided by walls, floors, windows, and other building
elements.

These numerical values are often adapted to the standardised model of “typical” human hearing
through the application of frequency A-weighting, but they do not consider individual subjective
perception or non-acoustical factors related like appropriateness, expectations and meaning, which
have been shown to play a crucial role in human responses to sound [6-9]. These techniques are
therefore not sufficient to determine people’s physiological and psychological responses or short
and long-term effects.

There is an increasing number of studies showing a low correlation between many of the main
single number quantities required by standards to guarantee well-being and acoustic comfort and
the subjective perceptual evaluation in laboratory and real settings [10-13]. This discrepancy may
result in failing at preventing the negative effects of noise, such as interference in sleep and
performance [14,15], annoyance, stress, health problems and decreased life expectancy
[16,4,17,3,18-22].



The mismatch between the fulfilment of numerical requirements and the level of satisfaction of the
population has been a constant since early investigations of the effects of road, aircraft and railway
noise [23-28], where questionnaires and other social studies methods were introduced to
complement the data from measurements in order to understand the different problematics involved
and trying to reduce the negative impact of noise.

The study of the perceptual quality of the sound environment, the elements involved in the
subjective assessment and the creation of a common terminology for this assessment, constitutes a
great part of the recent research related to the evaluation of acoustic environments, manifesting the
importance of cognitive, contextual and sensorial factors in the perception and responses to sounds
[29].

2.2. Consideration of vulnerable groups in perceptual research

Sounds from any source and with any loudness can increase the levels of discomfort and stress on a
daily basis, especially in vulnerable populations. This issue has been examined by research in the
past decades, evaluating the perception and effects of sound in, for example, children, the elderly,
and healthcare patients [30,31,3].

Berglund et al. [16] state that “we cannot ignore our duty of care for vulnerable groups”, in their
Guidelines For Community Noise, and the WHO acknowledges that “protective standards are
essentially derived from observations on the health effects of noise on ‘normal’ or ‘average’
populations. [...] usually adults [...] selected because of their easy availability. However,
vulnerable groups of people are typically underrepresented”.

In the Environmental Noise Guidelines for the European Region [32], it is also noted that “the
recommended guideline values might not lead to full protection of the population, including all
vulnerable groups”.

However, the lack of specific consideration and representation of these vulnerable groups is still
observable in more recent research in acoustics, and perceptual evaluation studies only including
participants with “normal hearing” are the norm [33]. Meanwhile, research and design guidelines
considering the needs of groups with specific hearing or sensitivity profiles primarily focus on
specialised settings.

Architectural design for schools and other facilities for autistic children do include important
aspects on acoustics and sounds [34-36], and there are important efforts in increasing the autonomy
of people who live in adapted facilities through room acoustics and sensors [37,38]. Other projects
have addressed several aspects of autistic people’s sensory need to compile recommendations for
care settings [39] and the home environment [40]. These projects are valuable examples of research
observing the priorities of the communities they are serving, including their active participation
from the initial phases of the research.

It is fundamental, however, that human diversity is addressed and included in general studies on
perception and building guidelines for the whole population, in the same manner that the
importance of diversity in sounds and acoustical characteristics of spaces for human response is
widely acknowledged in research and practice. In addition, this responsibility is reinforced by the
legal obligation of fulfilling duties under the Equality Act [41].

2.3.  Perceptual differences in autistic people
Although analysis of acoustic parameters and human responses to sound are based on general
models, sensorial perception is a highly individual experience, and therefore assuming that all the



members of a group or a community will share experiences and effects can have undesired
outcomes when applying design solutions based on this assumption.

One of the vulnerable groups with possible significant differences in perception is represented by
neurodivergent people, especially autistic individuals. Neurodiversity refers to the natural diversity
in cognitive functioning [42]. Neurodivergent people are individuals who have a different neurotype
in comparison to what is considered as “typical”. These differences include autism, ADHD
(Attention Deficit and Hyperactivity Disorder), dyslexia, and dyspraxia. This cognitive diversity
often involves significant sensorial and perceptual differences, with some theories suggesting that
autism is a difference in how the information from the world is perceived, filtered, and processed
[43], as well as entailing different preferences in interactions and social style [44-46], as opposed to
the medical model, which regards autism as a set of deficits and impairments [42,47,48].

Research and lived experience accounts suggest that autistic people show consistent sensorial
differences [49-54], often involving an enhanced perceptual capacity [55-58], which can lead to
both avoiding and seeking sensory stimuli, and also enjoyment from sensory experiences [52].

This difference can be manifested in a high prevalence of auditory hyposensitivity and, more often,
hypersensitivity [59-61], which shows to be related to a difference in the response to sounds rather
than to the functioning of the auditory system itself [59]. This response can lead to higher levels of
annoyance and less tolerance to loud sounds or high/low frequencies sounds [61,62], “an unusual
intolerance to ordinary environmental sounds” [63], but also, among others, to a superior pitch
perception [64], “enhanced, stable and highly accurate representation of auditory events in the pitch
and time dimensions” [65] identification and memorisation of musical notes [66] and detailed
analytical listening of the surrounding soundscape [67]. These responses, however, are not related
to “atypical” results in audiometry tests, since most of the participants in these studies present
“normal hearing” in standard tests.

In [49], 94.4% of the autistic participants reported extreme levels of sensory processing on at least
one sensory quadrant of the Adult/Adolescent Sensory Profile (AASP). In [68], autistic participants
reported significantly more sensory sensitivities than their non-autistic peers, and higher levels of
auditory perceptual capacity were correlated with higher levels of sensory sensitivities, which have
practical implications in education, employment, social integration and participation, health and
well-being.

The consequences of sensory overload are multiple and can have a strong impairing impact in
autistic people’s lives, “a negative impact on employment outcomes” [62], as well as a negative
impact on the ability to cope at university, as reported in [69]:

“The noise was impossible to filter out, and | couldn’t cope with the shared kitchen [. . .] | can’t
figure out what people are doing in kitchens — you have to constantly predict movement and
intentions, and | couldn’t, | felt like 1 was always getting in the way. ”

“So much going on, but there was a few bars at the union, and one of those was quiet, there was no
blaring machines, no loud music or anything, and that’s where we tended to congregate.”

Many autistic people make use of individual coping mechanisms like noise cancelling headphones,
ear defenders or tinted eyeglasses to reduce the level of perceived stimuli, but some can have
negative effects in hearing, and not everyone can afford them or make use of them.

Noise levels can also affect the access of autistic people to basic services like healthcare. In a recent
study [70] identifying the main barriers to healthcare and adverse outcomes for autistic adults, 90%



of autistic participants marked one or more sensory challenges related to healthcare environments,
compared to 29% of non-autistic respondents. The most common challenge for autistic individuals
was noise in the waiting room (63% of respondents marked it, compared to 12% of non-autistics),
followed by crowded waiting areas, which can be related to the noise levels. Autistic respondents
also reported more adverse consequences related to avoided or delayed healthcare treatment than
non-autistic people.

There are also added barriers that can prevent people from having the right support and
understanding of their needs due to stigma and lack of knowledge in society [71,72]. Recent
research recognises that most autistic people are adult, with no intellectual disability, and do not
know that they are autistic, which can lead to unnecessary struggles [73]. There are also common
negative consequences of disclosing an autism diagnosis in the workplace, like active
discrimination and disadvantages in recruitment [74,71].

2.4.  Noise sensitivity and health risks

Noise sensitivity has been identified as an influencing factor and introduced as a moderator in
numerous studies, usually showing significant differences in the results for level of annoyance and
other responses independently of the noise levels [75-80], although there have not been major
changes in guidelines and policies taking these results into account [30,81,82].

In [83], cortisol levels were shown to be more influenced by sensitivity to noise than by the level of
regular road traffic noise, and in [84], self-reported noise sensitivity was found to be significantly
correlated with blood pressure level and annoyance ratings due to noise from neighbours, road
traffic noise and railway noise.

Far from constituting a minor nuisance, noise sensitivity can lead to individuals feeling
overwhelmed, struggling to cope with changes and having control over their lives [85], and it has
been associated with a higher risk of suffering negative effects of noise exposure, like hypertension,
cardiovascular diseases and premature death [20,86,87,87-89].

3. STUDY ON EXPERIENCES OF AUTISTIC PEOPLE WITH ACOUSTIC
ENVIRONMENTS

The main details of the initial study being carrying out for this doctoral project (PhD) are briefly
presented in this section.

3.1.  Semi-structured interviews with autistic people

The ongoing study consists of a series of semi-structured online interviews to autistic adults living
in the UK. The questions are intended to provide an overview of their individual lived experiences,
of their perception of the acoustic environment and its effects on their life, observing both negative
but also positive elements.

In order to compensate for the lack of representation of less typical perspectives and increasing the
visibility of different perceptual experiences and its consequences, the use of qualitative methods
such as interviews has been considered to be more suitable for an initial investigation.

The objectives of these interviews are to identify:
- Common challenges that may not be addressed by current research on acoustics and

perception in the general population.
- Elements that represent an “aural barrier”” and need more attention.



- Common coping strategies.
- Elements with a beneficial effect in different contexts.
- Potential actions that could improve autistic people’s daily life.

Personal interviews can provide detailed information about the kind of circumstances that can be
more frequent and have a bigger impact, negative or positive, in participants’ life. Interviews allow
participants to express themselves with their own words. This can add some complexity to the
analysis of the replies, but it also gives a more personal perspective, which helps to identify issues
that may not be covered by standard surveys. Even when the replies are varied, personal accounts
cover common points and experiences that can serve as a starting point for future studies.

The analysis of the responses of the interviews will form the base for the development of the next
phases of the project. These phases will have a focus on providing a practical and first-hand
perspective that is meant to be considered by planners, developers, and organisations. There will be
an emphasis in creating supportive environments, preventing negative effects, and facilitating
beneficial ones if possible. These improvements can have a positive impact not only in many
aspects of autistic people’s life, but also in many more people, since the effects of noise are
widespread in the population [22,90].

3.2.  On the need for participatory design

Autistic people are asking to have higher involvement in research related to them from an early
stage, especially in the design of the research questions [91]. It is often the case that research is
focused on autistic children, where their parents and carers are the informants. Even when they may
be well intended, this can lead to undesired consequences, like misinterpreting the reasons of
reactions, causes of distress, or mental health issues as a consequence of basing the discussion on
wrong assumptions [92].

Most research on sensorial perception in autistic people, for example, evaluates children’s
responses in laboratory settings. This presents different potential limitations, from challenges in the
ecological validity of the experiments to the exclusion of autistic people’s perspective [48].

Thus, it is important to have the participation from other parts of the autistic population, including
adults and elderly people, which will possibly have different needs and, therefore, experiences and
individual, first-hand insights. As stated in [93], “inclusive research practice is both a moral
obligation and a practical imperative”.

This project acknowledges the importance of the above, and will take it into account in the
development of further studies, within the limitations of a PhD project.

4. CONCLUSIONS

There is an ethical and legal need to create more inclusive environments from a sensorial
perspective. Sensory differences can constitute a major issue for some groups of people, and have a
significant impact on their health, social integration, financial security and overall well-being.

The doctoral project outlined in this article is focused on the experiences of autistic people in
acoustic environments, investigating differences in perception, sensitivity, and effects of sounds.

As an initial step to explore these experiences, a series of semi-structured interviews with autistic
adults are being performed. The responses from the participants will help to determine concerns,



barriers and possible solutions to improve acoustic environments. They will also be by themselves a
compilation of individual experiences that are not often considered in acoustics.

The results of the interviews will be used to develop further studies intended to investigate design
solutions and the needs and preferences of autistic people, with the aim of contributing to the
inclusion of a wider perspective in the design of acoustic environments.
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