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a b s t r a c t

The present study applies an approach to analyze the stress induced on people on the autism condition.
Dedicated questionnaires were prepared, in order to guarantee an inclusive participation and then
applied by means of two different surveys in living and extended care unit environments. Results
permit to highlight that: (i) the four comfort domains show similar sensitivity trends, with acoustics
having the greatest impact on people with autism spectrum disorder (ASD), while thermo-hygrometric,
visual and IAQ sensitivity decreases as the stress scale increases; (ii) Severity of autism influenced the
acoustic sensitivity, while age and the considered environment influenced thermo-hygrometric, visual
and IAQ sensitivities. The proposed approach can be applied to well-being studies involving people
with other types of conditions which could alter their perception of the built environment.

© 2022 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction and background

Buildings are designed to provide a suitable living and working
nvironment for humans. Indoor comfort is necessary in different
ypes of buildings, such as living, learning, working and healing
nvironments. Good environmental quality is important as it
ffects health, comfort and productivity (European Committee for
tandardization, 2007, 2019), significantly impacting on psycho-
ogical and physiological aspects. Typical and traditional design
riteria are based on a prescriptive approach and focus on comfort
equirements. For instance, EN 16798-1 is related to thermal,
coustics and indoor air quality (IAQ) (European Committee for
tandardization, 2007, 2019) and EN 12464-1 to lighting (Euro-
ean Committee for Standardization, 2011), specifying suitable
anges of indoor conditions.

However, the same reference could not be suitable in envi-
onments dedicated to individuals with special needs, since they
ight diversely experience environmental stimuli and have an

ndividual perception. Wang et al. (2018) highlighted that there
re several studies confirming the dependence of thermal comfort
n gender, age, circadian rhythm, physical disabilities and fitness.
or these reasons, specific studies are necessary to ensure comfort
o users with special needs (Wang et al., 2018; Cena and De Dear,
001; Chappells and Shove, 2004; Del Ferraro et al., 2015; Kumar
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and Mahdavi, 2001; Zaniboni et al., 2020; Heylighen et al., 2008;
Devos et al., 2018). It has been demonstrated that neuroatypi-
cal individuals offer diverse responses to indoor environmental
stimuli, in comparison with neurotypical ones.

One standard approach, usually followed to conduct comfort
research, is constituted by field studies; in these, physical mea-
surements of objective parameters, such as temperature, relative
humidity, mean radiant temperature, illuminance, clothing in-
sulation or even metabolic rate are associated with subjective
responses. These responses are generally collected by means of
questionnaires, which have been used in several field surveys
regarding thermo-hygrometric, visual, acoustic and indoor air
quality comfort (Carpino et al., 2019). Measurements taken in
specific environments combined with subjective surveys results
are then used to generalize the preferred ranges of the investi-
gated environmental parameters, which are then reported in ref-
erence standards and literature. Indeed, people on the spectrum
(especially featuring high severities of autism) are acknowledged
as neurodiverse (Kapp et al., 2013) and thus identified by the
Declaration of World Medical Association (1991) as individuals to
be protected by testing for aim of research (Schüklenk, 2000). For
this reason, the importance of an indirect approach is the most
suited methodology to understand the well-being of these users
(Huang et al., 2013; Forcada et al., 2021; Fergus Nicol, 2011).

An example of a questionnaire on thermal comfort is pre-
sented in ASHRAE Standard 55 (ASHRAE, 2017), while question-
naires to investigate thermal, visual, IAQ and acoustical com-

fort have been utilized, for instance, by Day et al. (2019), Silva
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t al. (2017), Ricciardi and Buratti (2018) and Ryu et al. (2020).
uestionnaires normally include information about the individual
i.e. age, clothes worn, activity level, . . . ) and about the envi-
onment (i.e. position in the room, information about the light,
indows or shading status, . . . ), while comfort is evaluated on
ifferent scales such as preference, sensation or satisfaction.
This approach based on direct questions presumes the exis-

ence of a neurotypical user, considering the subjective responses
s statistically representative of the general perception, which
annot be assumed when considering subjective alterations of
erceptual aspects. Moreover, altered perception of the environ-
ents may lead to increased reactions and behavioral problems,
sychological symptoms or isolation (Devos et al., 2018; Hoof
t al., 2010; Minshawi et al., 2014). Therefore, the same approach
ight not be directly applicable to investigate the well-being
f people with peculiar environmental perception, such as peo-
le on the autism spectrum. Thus, developing specific research
n environmental comfort is of paramount importance. Indeed,
ndividuals on the spectrum can have high levels of hypo- and
yper-sensitivity to the 5-sense stimuli (Mostafa, 2014; Wali and
anfilippo, 2019; Belek, 2019; Schofield et al., 2020; Gaines et al.,
016; Jones et al., 2020; Shell, 0000), increasing their stress and
nxiety and, especially when featuring high levels of autism,
ay cause dangerous behaviors, including self-injurious reactions

Minshawi et al., 2014). Investigating environmental perception
f neuroatypical people and their awareness to indoor environ-
ental stimuli could help to better understand and manage these

ssues.
The present literature focuses on the environmental percep-

ion of autistic individuals from a medical and neurobiological
oint of view, giving important information on how to design a
ess risky environment for them, but it does not report anything
bout their comfort requirements (Mostafa, 2020; Kaul, 2018;
alay-Ongan and Wood, 2000; Bishop et al., 2013; Law et al.,
015; Danesh et al., 2015; Gomes et al., 2004; Jones et al., 2009;
oer et al., 2013; Lawson et al., 2015; Remington and Fairnie,
017; Kuiper et al., 2019; Galle et al., 2013; Ashwin et al., 2014;
adda et al., 2018; Vaughan et al., 2020; Williams et al., 2019).
urthermore, most studies are focused on individuals which can
ave a normal life. However, autism severities are acknowledged
o be three: A-low severity (independent individual), B-medium
everity (semi-independent individual) and C-high severity (non-
ndependent individual) (American Psychiatric Association, 2013).
n literature, very few results are presented in relation to medium
nd high severity of autism and most often referring to a very
mall sample.
Noble et al. (2018) compared anonymous Indoor Environ-

ental Quality (IEQ) surveys by autistic adults and neurotypical
sers. The two groups were asked to evaluate work and home
nvironments by a 7-points discomfort scale and to use a 7-points
voidance scale to rate generic built environments. Differences
ere found in the evaluations of many factors, such as electric

ighting, glare and noises, highlighting the need of additional
tudies in order to understand the reason of the larger impact
f some factors on people with ASD.
For these reasons, studies on comfort of people on the autistic

pectrum are needed, in order to correctly consider them also as
sers of indoor environments and to properly develop guidelines
o design households and extended care units. In the case of high
evels of autism, the standard investigation approaches cannot
e followed for three specific reasons: (i) the responding person
ay be affected by a reduced perception of the environment; in
ome cases this can be harmful, since discomfort (such as the
eat or cold, for instance) is not perceived even in unsuitable
onditions. Some individuals (ii) have difficulty in interacting

nd communicating and therefore in reporting their perceptions

1908
Fig. 1. One picture of the ‘‘atelier’’ room of the extended care facility where the
local survey was conducted. In this environment, several activities are performed
by autistic individuals together with professional caregivers.

and preference in questionnaires. The Helsinki Declaration (iii)
protects them from direct tests.

In this work we specifically focus on autistic individuals which
are not able to have an independent and a normal life (mostly
medium and high severities). Also, for this reason, understand
the differences in the perceived environment of people in the
spectrum depicted on their behalf by parents and caregivers is
a focal point. Thus, a control sample was chosen in order to
study the answers given by caregivers and parents on the same
individuals.

To the authors’ knowledge, there are no studies reporting
autistic individuals’ sensitivity to each of the comfort domains. In-
vestigations focusing on surveys related to individuals with spe-
cial needs were found in the literature (Koster et al., 2008; Finlay
and Lyons, 2001; Matthews et al., 2011; Butterworth et al., 2013;
Baron-Cohen and Wheelwright, 2003), but no studies provide
a comprehensive representative description of the peculiarities
affecting these individuals’ sensitivity. Additionally, none of the
research on the autism perception of Indoor Comfort described
here had a big and representative sample. Moreover, none of
these studies looked at the impact of characteristics like gender,
age, autism severity, and comorbidities.

For the above reasons, an approach to study the environmental
well-being of autistic individuals is required. In this framework, a
general method was used with two aims: (i) define which aspects
most stress autistic people and if they differ from neurotypi-
cal users and (ii) study the possibility of introducing reference
thresholds for each of these aspects. Accordingly, a procedure
consisting of two steps has been identified: step 1 defines how
each of the four comfort domains affect autistic people differently
than standard users and in particular whether there are increased
or reduced sensitivity patterns which should be considered; step
2 detects how much the comfort domains affect people on the
spectrum, in terms of discomfort or stress, comparing the critical
conditions from different subjects in order to identify possible
thresholds. Step 1 is investigated in this research. Since we are
detecting how each comfort factor affects individuals with ASD
and we cannot know the extent to which it does, the surveys’
questions must focus on the detection of stress. In this way, it
is possible to study indoor environmental issues and to under-
stand which ones affect autistic people differently than standard
users. These issues can be investigated in more depth, while
traditional thresholds can be considered for the aspects which
are not provoking particular sensitivities. Based on the results of
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his research, it will be possible to conduct future field studies
n order to further investigate these critical aspects and define
ossible thresholds.
In this way, an approach to investigate indoor environmen-

al issues of neuroatypical people, thus with an altered percep-
ion of the environment, was applied, focusing on (i) thermo-
ygrometric, (ii) acoustic, (iii) visual and (iv) indoor air quality
omains. The proposed approach was applied by means of two
ifferent comprehensive surveys (among professional caregivers
nd parents). The results of the analysis were analyzed in depth
y means of quantitative methods, considering the following
ain aims:

1. Detecting the comfort domains (among thermo-
hygrometric, visual, acoustic and IAQ), most affecting autis-
tic individuals.

2. Identifying if there are differences between the evaluations
given by professional caregivers (henceforth ‘‘caregivers’’)
and parents and also evaluating if the reliability between
the two groups differs.

3. Identifying how different parameters like environment,
gender, age, severity of autism and co-morbidities could
affect the evaluations.

. Materials and methods

.1. Development of the questionnaires and survey administration

In order to characterize the sensitivity to environmental fac-
ors, anonymous questionnaires were prepared.

People with a high severity of autism, especially individuals
ho cannot live a normal life, could not be able to properly
nswer the questions concerning their own well-being. Indeed,
hey often have difficulties in interacting with other individuals
nd they rarely answer direct questions, such as ‘‘How are you
eeling?’’. Neglecting this aspect may, for instance, provoke a
risis. Therefore, it was necessary to ask the questions focusing
n individuals’ sensitivity to specific environmental stimuli. In
his view, it was necessary to include a ‘‘third-party approach’’,
eveloping the questionnaires focusing on diverse respondents:
i) caregivers working in care units and (ii) parents of autis-
ic individuals. Caregivers’ answers were given in care units,
hile parents’ answers are referred to the observations taken in
veryday household environments.
After initial instructions and explanations, questionnaires’ re-

pondents were asked to indicate whether they were caregivers
r parents. In each questionnaire filling, the respondent was
equired to report the main information about the autistic indi-
idual he/she was referring to: data such as gender (male, female
r other), age, severity of autism and comorbidities (Obsessive–
ompulsive Disorder — OCD, depressive disorder, anxiety dis-
rder or other psychiatric or neurocognitive disorders) needed
o be reported. The indication of the severity of autism and
resence of co-morbidities was asked according to The Diagnostic
nd statistical manual of mental disorders of the American Psy-
hiatric American Psychiatric Association (2013). Accordingly, the
utism severity was identified in three main level

• Level A — low severity, requiring support
• Level B — medium severity, requiring substantial support
• Level C — high severity, requiring very substantial support.

n addition, questions regarding the date of questionnaire com-
letion and the environment where the described individual was
family house, apartment, assisted facility, etc.) were included in
he introduction of the questionnaire.
1909
Table 1
Sensitivity levels used in questionnaires.
Sensitivity level Explanation

Absent (0) If the indicated factor does not produce abnormal
stress levels

Minor (1) If the factor produces an increase in stress levels of
limited and/or non-systematic intensity and/or
frequency

Average (2) If the factor produces a systematic increase in the
stress level of average intensity and/or frequency

Extreme (3) If the factor systematically produces an increase in
the level of stress of high intensity and/or frequency

Sporadic (S) When cases of increased sensitivity are present in a
sporadic and non-systematic way (few observations,
low repeatability or predictability), even if of high
intensity.
Use the same scale as above (1, 2, 3) and tick in
addition the box S (‘sporadically’) next to each
application

Hypo-sensitive (H) If the individual submits the cases indicated in
hyposensitive form (i.e. that there is no reaction
despite the presence of an obvious stimulus), only
tick the box ‘‘H’’ near the scale of levels of stress

The main part of the questionnaire was then devoted to the
registration of the individual’s special sensitivity to the thermo-
hygrometric, acoustical, visual and indoor air environments,
through multiple choice scales. These scales refer to the levels
of hyper-sensitivity to the different aspects based on the level of
stress produced, as reported in Table 1. Since preliminary stud-
ies (Minshawi et al., 2014; Mostafa, 2014; Wali and Sanfilippo,
2019; Belek, 2019; Schofield et al., 2020; Gaines et al., 2016;
Jones et al., 2020; Shell, 0000; Mostafa, 2020; Kaul, 2018; Talay-
Ongan and Wood, 2000; Bishop et al., 2013; Law et al., 2015;
Danesh et al., 2015; Gomes et al., 2004; Jones et al., 2009; Boer
et al., 2013; Lawson et al., 2015; Remington and Fairnie, 2017;
Kuiper et al., 2019; Galle et al., 2013; Ashwin et al., 2014; Fadda
et al., 2018; Vaughan et al., 2020; Williams et al., 2019) have
shown the occurrence of hypo-sensitivity cases the questionnaire
included the possibility to indicate whether the individual was
hypo-sensitive to a specific environmental domain. Additionally,
it was also possible to indicate whether the stressful condition,
if present, occurred in a non-systematic way (‘‘sporadically’’)
instead of regularly.

The questionnaire was administered by means of two sur-
vey campaigns. The first one, referred to as online survey, was
addressed to several Austrian and Italian associations of sup-
port and assistance for autistic people and their families. The
second one, referred to as local survey, considered an extended
healthcare unit located in Northern Italy. In both cases, question-
naires were exactly the same and were filled in by caregivers
and parents. The center involved in the local survey is in a re-
cently refurbished building, inaugurated in 2019 and developed
as a result of a Ph.D. thesis, studying the design of structures
specifically for autistic people (Porro, 2018). The outcome is a
three-floor (2700 m2 each) semi-residential and non-residential
multipurpose structure, where residential, therapy and recre-
ational rooms are all designed in order to ensure the well-being
of people on the spectrum. For instance, the following features
were developed to ensure users’ well-being: cozy environments
and colors, proper lighting and daylight exploitation, attention
to the acoustics (e.g. sound-absorbing panels), proper ventilation
and thermo-hygrometric regulation.

Locked files were used to administer the questionnaires in
the local survey: automatic filling was implemented in order to
only allow the possible combinations (i.e. ‘‘minorly’’, ‘‘averagely’’,
‘‘sporadically minorly’’, ‘‘sporadically averagely’’, etc.). The same
procedure was used for the online survey questionnaires, creating
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Table 2
The scale used in the Mann–Whitney tests and its
correspondence with the questionnaires’ answers.
Level Reaction

0 Absent reaction
1 Minor and sporadic minor reactions
2 Average and sporadic average reactions
3 Extreme and sporadic extreme reactions

Table 3
Number of questionnaires completed by parents and caregivers by
patients during the online and the local survey. The overall sample
corresponds to the sum of data from online survey sample and
local survey sample. Data from the control sample are shown in
brackets as part of the local survey.

Parents Caregivers Total

Online survey 32 39 71
Local survey 26 (19) 41 (19) 67 (38)
Overall 58 80 138

contiguity and allowing comparisons between the two surveys.
This was done taking into account the different sensitivity that an
autistic person could present with respect to other people and the
impact of co-morbidities (Morgan, 2019; Cassidy, 2018; Geilman,
2016; Bogsdashina, 2014).

Considering the different languages of participants, surveys
ere prepared in Italian, English and German, in order to collect
esponses within an international framework. Furthermore, for an
nclusive participation of the stakeholders, the questionnaire was
eviewed and built with the help of psychologists and experts in
ommunication with people with ASD, parents and caregivers. In
ddition, as widely used (Dixon, 2007; Leighton, 2010; Clawson
t al., 2012; Herrera et al., 2012; Hervás et al., 2020; National
utistic Society, 2020), pictograms were inserted in specific sec-
ions of the questionnaires in order to help respondents to better
nderstand the survey topics. The whole questionnaire is re-
orted as Supplementary File. In this research, only questions
1, B1, C1 and D1 regarding the environmental comfort domains
s a whole were considered. The minimum age of the subjects
onsidered for this research was 7 years old, since younger indi-
iduals may not present a complete autism diagnosis and, thus,
he severity of autism cannot be assessed with certainty (Matson,
016).

.2. Data processing

Four different sample groups were identified and used: 1.
nline survey sample, 2. Local survey sample, 3. Control sample and
. Overall sample. The control sample was characterized inside the
ocal survey, isolating all the individuals whose perception was
valuated by both parents and caregivers. For this reason, this
ample is a subset of the local survey sample, containing only those
eople whose sensitivity was evaluated two times: one by each
f the respondents’ type. Finally, the overall sample comprises the
uestionnaires from both the surveys.
In order to check the reliability of the questionnaire and thus

he suitability of its structure for the different respondents, a
ronbach’s alpha test was performed grouping the types of re-
pondents as follows: 1. parents’ results; 2. Caregivers’ results;
. merging together caregivers’ and parents’ results. The test
as repeated for all the four samples, with 0.70 considered as
threshold for reliability (George and Mallery, 2003).
An ANOVA analysis (Hinkin and Tracey, 1999) was performed

o check the distribution of the local survey and online survey sam-
les, to control whereas an homogeneity among the distribution
f age and the autism severity in the two surveys existed. Where
1910
distinction was needed, a Tukey HSD test was performed in
rder to understand in which age ranges or severity levels the
ifference existed. The four comfort domains were analyzed ac-
ording to the percentage of respondents giving a specific answer.
preliminary analysis was made on all the four samples (con-

rol, local, online and overall) by means of descriptive statistics,
dentifying the common and different trends in the percentages
f answerers indicating a specific sensitivity. When analyzing the
nline survey, the local survey and the control samples, parents’

and caregivers’ answers were considered separately. The Mann–
Whitney test was used to evaluate if the differences found were
statistically significant (Zaniboni et al., 2020; Xue et al., 2014;
Pierrette et al., 2014; Berquist et al., 2019; Liu et al., 2019).

Descriptive statistics and Mann–Whitney tests were addition-
ally used with the overall sample to identify association of sensi-
tivities to the four main comfort domains using:

1. Gender (females or males);
2. Presence of co-morbidities;
3. Severity of autism;
4. Age.

The following age groups were selected: 1. ‘‘7–9’’ 2. ‘‘10–17’’; 3.
‘‘18–29’’; 4. ‘‘30–39’’; 5. ‘‘40–49’’; 6. ‘‘≥ 50’’. These age groups
were chosen in order to differentiate among age decades, as
well as between childhood and adolescence and adolescence and
adulthood.

In all cases, the Mann–Whitney test was selected due to the in-
dependence and the unknown distribution of the samples. More-
over, as the analyses were explorative, a 10% level was used in
addition to the conventional 5% level of significance (Zaniboni
et al., 2020; StatisticsSolutions, 2020; Lane et al., 2017). Table 2
reports all the scale of the answers considered for the tests.
Answers dealing with sporadic sensitiveness were considered
together with the corresponding ‘‘non-sporadic’’ levels (e.g., ‘‘spo-
radically average’’ together with ‘‘average’’). Since they refer to
an altered and non-scalable missed perception of environmental
stimuli, hypo-sensitive answers were not considered for this part
of the analysis.

2.3. Research ethics and proxy respondents

The procedure was implemented in order to comply with the
Declaration of Helsink (World Medical Association, 1991). The
first page of the questionnaire clearly included the aim and scope
of the research and the informed consent for the study. Start, fill
in and conclude any of the survey was not mandatory, so all the
participants were volunteers. The presented research is part of
wider study, approved by Ethics Committee of the Free University
of Bozen-Bolzano. Furthermore, to include all the severities of
autism in the survey it was admitted the possibility of proxy
respondents. The use of proxy respondents is a common prac-
tice especially in health and disability surveys, as this makes it
possible to collect information about persons who may be unable
to directly participate in the survey (Loeb et al., 2018; Neumann
et al., 2000; Iezzoni et al., 2000). For this specific case, the invita-
tion to fill in was specifically addressed to parents and caregivers
who are regularly involved with the observed individuals.

3. Results and discussions

3.1. Population

A total of 71 and 67 questionnaires were collected during the
online and the local survey, respectively (Table 3). Particularly in
the latter, caregivers were the highest number of respondents
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Table 4
Gender and age of autistic subjects in the online and in the local survey, in number of answers. The overall sample
corresponds to the sum of data from online survey sample and local survey sample. Data from the control sample are
shown in brackets as part of the local survey.
Age Online survey Local survey Overall

Females Males Other Females Males Other Females Males Other

7–10 0 0 0 1 (0) 15 (5) 2 (0) 1 15 2
10–17 3 14 1 12 (5) 12 (1) 0 (0) 15 26 1
18–29 7 15 0 4 (1) 21 (7) 0 (0) 11 36 0
30–39 12 6 0 0 (0) 0 (0) 0 (0) 12 6 0
40–49 1 5 0 0 (0) 0 (0) 0 (0) 1 5 0
50+ 3 4 0 0 (0) 0 (0) 0 (0) 3 4 0
Table 5
Severity of autism and co-morbidities detected by caregivers and parents in the online and in the local survey, in
number of answers. The overall sample corresponds to the sum of data from online survey sample and local survey
sample. Data from the control sample are shown in brackets as part of the local survey.

Online survey Local survey Overall

Parents Caregivers Parents Caregivers Parents Caregivers

Severity of autism
A 8 10 12 (8) 17 (6) 20 27
B 14 7 8 (7) 17 (9) 22 24
C 10 22 6 (4) 7 (4) 16 29

Co-morbidities

OCD 12 6 0 (0) 2 (1) 12 8
ID 18 23 11 (9) 10 (6) 29 33
AD 7 8 3 (3) 1 (0) 10 9
Other 12 17 1 (1) 2 (0) 13 19

OCD = obsessive–compulsive disorder; ID = intellectual disability; AD = anxiety disorder.
32 parents 39 caregivers in the online survey, 26 parents and 41
aregivers in the local survey).
The gender and the age of the respondents of the two surveys

re reported in Table 4. Both in the online and in the local survey,
the majority of subjects are males (62% and 72% respectively).
Moreover, subjects are younger in the local survey, with all the
subjects under 30. Table 5 shows the number of questionnaires
collected for each grade of severity of autism and the num-
ber of co-morbidities indicated for each survey. The majority of
the answers regard individuals with Levels B and C. Intellectual
disability was the co-morbidity detected most often, both in
online and local surveys. More co-morbidities were detected in
the online survey, consistently with the stronger forms of autism
of the subjects involved. Data from the control group (referred
for the same group of individuals) highlight that both parents
and caregivers mostly agreed in the evaluation of the severity of
autism and of the co-morbidities. Slight differences are present
and are due to the different background of the two proxy re-
spondents (e.g., home everyday experience vs. a more scientific
background, psychological aspects of parents when evaluating
their own children, etc.).

In order to discover whether the distribution of answers pro-
vided was homogeneous with the severity of autism and the age
distribution, an ANOVA test, combined with a Tukey HSD test
where a statistical significance was found, was performed. The
tests were done distinguishing between online and local surveys
o investigate if an inhomogeneity may exist. Results highlighted
hat several statistical differences were found among the groups.
ndeed Table 6 shows a significant difference between online
urvey and local survey samples. Thus, confirming what is also
howed in Table 4, the majority of younger individuals observed
ere involved in the local survey, while the older ones were

ncluded in the online survey. Looking at autism severity (Table 7),
t is possible to highlight that significant differences between
ndividuals with higher severity of autism and lower and medium
everities are present. Furthermore, the results confirmed what

reviously observed in Table 5.

1911
3.2. Questionnaires reliability

Table 8 shows that all the Cronbach’s alpha tests always scored
higher than 0.85, meaning a high questionnaire reliability for all
the respondents involved and in the several surveys conducted.
Thus, in all cases, the questionnaire design ensured to give results
with a good repeatability with the same conditions in all cases.
Cronbach’s test showed high values for the adoption of this ques-
tionnaire for parents, caregivers and a combination of these two
proxy respondents (i) in the online survey, local survey and overall
samples (> 0.90), and (ii) in the control sample (> 0.85).

3.3. Trends, influence of respondents and environments

The sensitivities to the four environmental domains are re-
ported in Figs. 2–4. The figures report the answerers percentage
within each sample indicating a particular sensitivity level as
regards the four comfort domains (questions A1, B1, C1 and D1 —
Supplementary File). The results of the statistical tests used to in-
vestigate the association of answers with the type of respondent
and the type of survey are reported in Tables 9 and 10.

The analysis of the control sample (Fig. 2) further distinguishes
between the observations of parents and caregivers. In the anal-
ysis, the chart on the left represents subjects in households,
while the one on the right shows subjects in the care units.
The second column of Table 9 reports the results of the test
to evaluate the statistical differences between the answers of
parents and caregivers in the control sample. These findings can
be highlighted:

1. In everyday life (answers provided by parents in house-
holds), there is a slight shift to higher sensitivities. The
only other remarkable difference between the two en-
vironments is a major rate of ‘‘hypo-sensitivity’’ to the
thermo-hygrometric environment in the care units.

2. The percentages of ‘‘average’’ and ‘‘extreme’’ sensitivity to
the acoustic environment are quite high in both cases (35%
‘‘average’’ and 20% ‘‘extreme’’ by parents, 30% ‘‘average’’
and 20% ‘‘extreme’’ by caregivers). In the extended-care
unit the number of subjects who rated ‘‘absent’’ sensitivity
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Table 6
ANOVA and Tukey HSD test between the two types of surveys (online and local) and the age groups of the observed
individuals with ASD.
ANOVA

(1) online (2) local

Sum of squares df Mean square F Sig.

Between groups 12.77 5 2.554 15.536 < 0,01**
Within groups 21.701 132 0.164
Total 34.471 137

Multiple comparisons: Tukey HSD

Dependent variable: (1) online (2) local

(I) Age range
(7–9 (1); 10–17
(2);18–29 (3);
30–39 (4);
40–49 (5);
50+(6))

(J) Age range
(7–9 (1); 10–17
(2);18–29 (3);
30–39 (4);
40–49 (5);
50+(6))

Mean difference (I-J) Std. error Sig.

Age range: 7–9

10–17 0.391 0.113 0.009**
18–29 0.512 0.114 < 0.001**
30–39 1.000 0.135 < 0.001**
40–49 1.000 0.191 < 0.001**
50+ 1.000 0.181 < 0.001**

Age range:10–17

7–9 −0.391 0.113 0.009**
18–29 0.120 0.086 0.728
30–39 0.609 0.113 < 0.001**
40–49 0.609 0.176 0.009**
50+ 0.609 0.164 0.004**

Age range: 18–29

7–9 −0.512 0.114 < 0.001**
10–17 −0.120 0.086 0.728
30–39 0.488 0.114 < 0.001**
40–49 0.488 0.177 0.070*
50+ 0.488 0.165 0.042**

Age range: 30–39

7–9 −1.000 0.135 < 0.001**
10–17 −0.609 0.113 < 0.001**
18–29 −0.488 0.114 < 0.001**
40–49 0.000 0.191 1.000
50+ 0.000 0.181 1.000

Age range: 40–49

7–9 −1.000 0.191 < 0.001**
10–17 −0.609 0.176 0.009**
18–29 −0.488 0.177 0.070*
30–39 0.000 0.191 1.000
50+ 0.000 0.226 1.000

Age range: 50+

7–9 −1.000 0.181 < 0.001**
10–17 −0.609 0.164 0.004**
18–29 −0.488 0.165 0.042**
30–39 0.000 0.181 1.000
40–49 0.000 0.226 1.000
Table 7
ANOVA and Tukey HSD test between the two types of surveys (online and local) and the autism severity of the
observed individuals.
ANOVA

(1) online (2) local

Sum of squares df Mean square F Sig.

Between groups 2.777 2 1.388 5.913 0.003**
Within groups 31.694 135 0.235
Total 34.471 137

Multiple comparisons: Tukey HSD test

Dependent variable: (1) online (2) local

(I) severity of autism (J) severity of autism Mean difference (I-J) Std. error Sig.

Level A Level B 0.092 0.101 0.634
Level C .336* 0.101 0.003**

Level B Level A −0.092 0.101 0.634
Level C .244* 0.102 0.047**

Level C Level A −.336* 0.101 0.003**
Level B −.244* 0.102 0.047**
1912
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Fig. 2. Sensitivity of the respondents to the four environmental factors — control sample, with caregivers’ and parents’ answers differentiated.
to this field is higher (25% by caregivers vs. 0% by parents).
Even though some sound absorbing panels are present in
order to reduce reverberation in the rooms, they still do not
prevent acoustics from being the most stressful comfort
domain for individuals on the spectrum.

3. In terms of the visual indoor environment and indoor air
quality, the results show a major sensitivity to visual en-
vironment in the everyday life environment (households),
in the range of ‘‘minor’’ sensitivity (60% by parents vs. 10%
by caregivers). These differences are due to the design of
the extended care unit, specifically designed to be utilized
by people with ASD, such as the presence of mechanical
ventilation, proper illumination, lamps and light colors, or
proper daylight exploitation (e.g., rooms with large win-
dows areas and a proper view to the outside). This is in
contrast with normal conditions in domestic environments.

4. The statistical analysis reported in the second column of
Table 9 shows that, with the exception of visual environ-
ment, the differences between answers in the everyday life
and care environments are not significant. Differences be-
tween the two groups are meaningful (points 1–3) and are
most likely due to the different environments where the
surveys were completed. Nevertheless, these differences
are mainly in lower and similar levels of sensitivity. Since
there are few major differences, the two groups do not
seem to show different levels of reliability.

rom the analysis of the overall sample (Fig. 3), it is possible
o understand how, among all the fields, the acoustic indoor
nvironment seems to be most impactful, showing the highest
ercentages of ‘‘averagely’’ (around 35% of the respondents) and
‘extremely’’ (around 25%) sensitivity. All other domains show a
imilar trend: the only exceptions are the thermo-hygrometric
omain, which shows a slightly higher percentage of subjects
eing ‘‘minorly’’ sensitive (30% vs. 20%–25% of the other fields).

Fig. 4 reports the sensitivity of subjects in the online and
ocal survey samples, with caregivers’ and parents’ answers fur-
her differentiated. As can be seen, four graphs are reported.
n the left, the answers given by parents in everyday home
nvironments, and, on the right, the answers given by caregivers
n extended care units are reported. Similarly, the two graphs
elow represent the answers given in the local survey and the
wo above the answers given in the online survey, where, as
reviously explained, higher ages, levels of autism and number
f co-morbidities were detected. The third and fourth columns
f Table 9 report the results of the statistical tests evaluating the
ifference in parents’ and caregivers’ answers respectively for the
1913
online and local survey. Similarly, statistical differences between
answers detected during the two surveys are reported in Table 10,
differentiating between parents’ and caregivers’ answers.

Based on the trends reported in Fig. 4 and on the statistical
analyses in tables, these findings can be highlighted:

1. The sensitivity trends in thermo-hygrometric, visual and
IAQ environments decrease as the perception scale in-
creases, with low response rates for ‘‘averagely and ex-
tremely’’.

2. On the other hand, the acoustic environment shows a dif-
ferent trend in the answers from both caregivers and par-
ents, constituting a strong nuisance to users in both the
control environment of care facilities and in everyday life.

3. The trends in the sensitivity of the respondents to the four
environmental comfort domains are generally similar in
the four graphs, showing a concordance in the perception,
even though the conditions (respondents, environments
etc.) were different.

4. Partially higher acoustic sensitivities were detected in the
online survey (shift of the peak towards ‘‘averagely’’, with
35%–40% of the respondents in the online survey vs. 25% in
the local survey), where higher ages and severity of autism
were present. As confirmed by the statistical analysis in
Table 10, this is particularly significant with caregivers’ an-
swers, which show that even in a controlled environment,
acoustics seems to be a significant stressful stimulus.

5. Higher sensitivities were detected in the online survey also
in the case of the visual environment, particularly in care-
givers’ answers (50% with ‘‘absent’’ reaction in the online
survey vs. 75% in the local): this could be linked to general
and physiological lowering of sight capabilities and appear-
ance of visual defects with increasing age (older individuals
were present in the online survey, see Section 3.1) and it is
confirmed by the statistical analysis in Table 10.

6. Slightly higher sensitivities were rated by parents as re-
gards thermo-hygrometric, visual and IAQ fields (lower
percentages of ‘‘absent’’ indicated by parents, with a shift
towards higher sensitivities): these answers were mainly
given in households environments which may not be
specifically designed for individuals with ASD.

7. The differences between parents and caregivers,
highlighted in point 6, as well as the differences in acoustic
sensitivities detected by the two types of respondents,
were statistically significant only in the case of the local
survey (see Table 9, third and fourth columns): in this
case only one extended care unit, which was specifically
designed for people on the spectrum, was considered.
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Fig. 3. Sensitivity of the respondents to the four environmental comfort domains — overall sample.
Fig. 4. Sensitivity of the respondents to the four environmental comfort domains — online and local survey, with caregivers’ and parents’ answers differentiated.
Table 8
Results of the Cronbach’s alpha test on online survey, local survey on the control sample and on the overall
sample.

Parents Caregivers Aggregation of parents
and caregivers

Online 0.90 0.95 0.93
Local 0.98 0.97 0.97
Control sample 0.85 0.88 0.88
Overall 0.97 0.99 0.97
3
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l
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Moreover, younger subjects were considered, with lower
severity of autism and co-morbidities: in these conditions,
the stress might be reduced more easily in a controlled
environment. Conversely, with higher severity of autism,
the benefits of having a well-designed environment could
be less significant. This aspect is also highlighted by the
statistically significant differences found in the answers of
caregivers during the online and the local survey (Table 10).
j

1914
.4. Influence of gender, co-morbidities, severity of autism and age

No strong differences were found between males and females
Fig. 5), with the exception of a slightly higher sensitivity of the
atter to the visual (10% ‘‘extremely’’ vs. 5% by males) and acoustic
25% ‘‘extremely’’ vs. 15% by males) environment. Moreover, a
lightly higher ‘‘hypo-sensitivity’’ rate was found in female sub-
ects as regards the thermo-hygrometric environment (20% – 25%
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Fig. 5. Sensitivity of the respondents to the four environmental comfort domains — influence of gender of the subjects.
Fig. 6. Sensitivity of the respondents to the four environmental comfort domains — influence of the presence of co-morbidities.
Table 9
Results of the Mann–Whitney test to highlights the differences present in parents’ and caregivers’ answers.

P-value

Control sample
(NP = 19; NC = 19)

Online survey
(NP = 32; NC = 39)

Local Survey
(NP = 26; NC = 41)

Thermo-hygrometric 0.405 0.472 0.062*
Acoustic 0.435 0.623 0.055*
Visual 0.098* 0.798 0.015**
IAQ 0.203 0.982 0.005**

* = 10% significance level; ** = 5% significance level. NP = number of answers by parents; NC = number of
answers by caregivers.
s. 5% by males). No significant differences were evidenced by
tatistical analyses (second column of Table 11).
Moreover, no high variations are related to the presence of

o-morbidities (Fig. 6), with the exception of a slightly lower sen-
itivity to visual, thermo-hygrometric and acoustic environments
f subjects without co-morbidities: the percentages with ‘‘absent’’
eaction increased of 25%, 10% and 10% with respect to what
ndicated about individuals with co-morbidities. Moreover, as ex-
ected, there are slightly higher percentages of ‘‘hypo-sensitivity’’
5% – 10% more) and ‘‘sporadic’’ (10% – 25% more) sensitivities
mong individuals with co-morbidities. The dependence of vi-
ual sensitivity on co-morbidities was found to be statistically
ignificant (third column of Table 11).
From the analysis in Fig. 7, it is possible to notice how the sen-

itivity to acoustic environment increases along with the severity
f autism (25% with ‘‘absent’’ and 15% with ‘‘extreme’’ sensitivity
ith low severity subjects vs. 10% with ‘‘absent’’ and 25% with

‘extreme’’ at higher autism levels). This result is confirmed by
he statistical analysis in Table 11 (fourth column): a strong con-
ection between stress from the acoustic issue and the severity of
1915
Table 10
Results of the Mann–Whitney test to highlight the differences present in answers
from online and local survey.

P-value

Parents
(NO = 32; NL = 26)

Caregivers
(NO = 39; NL = 41)

Thermo-hygrometric 0.436 0.076*
Acoustic 0.623 0.005**
Visual 0.501 0.009**
IAQ 0.156 0.145

* = 10% significance level; ** = 5% significance level. NO = number of answers
from online survey; NL = number of answers from local survey.

autism was found. On the other hand, a slightly higher sensitivity
to thermo-hygrometric environment seems to be present among
individuals with a low severity (level - A) (20% with ‘‘averagely’’
vs. 5%–10% at higher autism levels): this might be due to the fact
that most of these subjects were from the local survey, where
higher sensitivity was found in households. Moreover, answers
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Fig. 7. Sensitivity of the respondents to the four environmental comfort domains — influence of the level of autism.
eporting sporadic sensitivity seem to increase slightly with the
utism severity (10% – 15% with Level A — low severity, 15% –
5% with Level C — high severity).
From the age analysis (Fig. 8 and Table 12), the following

indings can be highlighted:

1. Sensitivity to thermo-hygrometric environment increases
with age: all the trends depicted in the graph are similar,
with the exception of the ones regarding subjects older
than 40 and older than 50, which show a peak of respon-
dents declaring average sensitivity (40% among over 40 and
20% among over 50). This aspect is also highlighted by the
Mann–Whitney test in Table 12, where a significant change
of the sensitivity to the thermo-hygrometric environment
was found after 30.

2. As regards the acoustic indoor environment, the depen-
dence on age is less evident, since the ‘‘absent’’ and ‘‘mi-
norly’’ rates seem to decrease slightly with age, shifting to
higher sensitivities (the shift of the peak is less evident
here). Moreover, a slight increase of ‘‘sporadic’’ answers
seems to occur with increasing age. This might be due
to the appearance of some cognitive disturbances in older
subjects, altering and lowering their acoustic perception.

3. The absence of a substantial nuisance coming from the
visual environment for almost all age groups, except the
oldest, who perceive it more clearly as a source of stress
(20% with extreme sensitivity are among over 50 subjects).

4. The presence of a low sensitivity to IAQ is observed, with a
low average nuisance from all the age groups, with only a
slight shift towards higher sensitivities at higher ages (the
percentage with absent reaction decreases from 70% for
under 10 to 40% for over 50).

. Limitations of the present study

The aim of the study is to apply a methodology to study
nvironmental stress factors in people unable to express their
pinions directly in traditional comfort questionnaires or surveys.
hese traditional questionnaires and surveys aim at defining the
nvironmental factors which mainly cause discomfort and not
ust the ‘‘neutrality’’ conditions. In this light, a limitation of the
tudy is that surveys were conducted with people exposed to
ifferent environments with little if no information on individu-

ls’ characteristics. Another limitation was due to the difficulties
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in collecting questionnaire results in autistic people. In fact, the
questionnaires were answered by proxy respondents (parents or
professional caregivers) and this might have affected the results
since biases and misunderstanding of behaviors and feelings are
likely to be present depending on the respondent: this aspect
introduces further ranges of uncertainties in the evaluations. A
range of individuals – children to adults – with different autism
severities and co-morbidities, were considered. For these rea-
sons, statistical analyses were used to identify common trends
between answers from different caregivers, or referring to indi-
viduals with different ages, levels of autism or co-morbidities. A
further limitation is represented by the fact that a total sample
of 138 individuals was used. The individuals involved lived or
had their activities in specific contexts and without references
(benchmarks) from the standard population. For this reason, the
conclusions are intended to suggest an approach that may be
useful to unravel analogies and differences between different
health-contexts observed during different time-periods. How-
ever, even if the sample is not huge, this represents a first step in
this research field. Further studies involving a higher number of
autistic individuals are necessary in order to investigate in more
depth the results of the present study, further differentiating
the outcomes among all the possible wide range of subgroups
constituting people on the autism spectrum.

5. Conclusions

A methodology to study global indoor environmental com-
fort related to people with ASD was applied in this research.
Questionnaires were designed so that they could be completed
by parents and caregivers. One online survey, involving different
international stakeholders from different assistance associations
and one local survey, involving a specific extended care unit were
developed. The study led to the following main conclusions:

1. A relevant number of questionnaires was collected and the
Cronbach’s alpha test showed a high reliability for all the
cases considered. When dealing with the same subjects,
parents and caregivers did not show particularly statisti-
cally significant differences, confirming the reliability of the
survey with both groups of respondents.

2. In all the cases considered, acoustic was the most stressful
comfort domain, constituting a strong nuisance both in
the extended care units and in households, in all the sur-

veys considered. The other environmental issues, namely
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Fig. 8. Sensitivity of the respondents to the four environmental comfort domains — influence of age of the subjects.
Table 11
Results of the Mann–Whitney test to highlight dependence of answers on gender, presence of co-morbidities
and severity of autism.

P-value

Gender
(NF = 42; NM = 94)

Co-morbidities
(NNC = 53; NC = 85)

Level of autism
(NA = 48; NB+C = 90)

Thermo-hygrometric 0.419 0.105 0.303
Acoustic 0.167 0.192 0.001**
Visual 0.389 0.005** 0.467
IAQ 0.740 0.567 0.631

* = 10% significance level; ** = 5% significance level. NF = number of females; NM = number of males; NNC =
number of answers regarding subjects without co-morbidities; NC = number of answers regarding subjects
with co-morbidities; NA = number of answers regarding autistic individuals of severity A; NB+C = number
of answers regarding autistic individuals pf severity B or C.
Table 12
Results of the Mann–Whitney test to highlight dependence of answers on age. Only tests regarding robust
samples (with enough individuals in the two groups) are reported.

P-value

≥ 18
(NU = 59; NO = 79)

≥ 30
(NU = 107; NO = 31)

≥ 40
(NU = 124; NO = 14)

Thermo-hygrometric 0.683 0.012** 0.168
Acoustic 0.102 0.270 0.461
Visual 0.191 0.179 0.215
IAQ 0.119 0.957 0.417

* = 10 % significance level; ** = 5 % significance level. NU = number of answers regarding subjects under
the considered threshold; NO = number of answers regarding subjects over the considered threshold.
thermo-hygrometric, visual and IAQ were in general much
less disturbing, with similar trends in all cases, with per-
centages of respondents decreasing as the sensitivity scale
increases.

3. The sensitivity to acoustics seemed to depend on the sever-
ity of autism, being higher when the autism severity was
higher.

4. Thermo-hygrometric, visual and IAQ sensitivities depended
slightly on the environment where the answer was given,
being slightly higher in households. This is related to these
1917
environments being less controlled and not specifically
designed for autistic people. Thermo-hygrometric, visual
and IAQ sensitivities increased slightly with age. A strong
change of thermo-hygrometric perception was found after
30 years old. On the other hand, acoustic domain was less
dependent on age, being of significant disturbance both in
individuals under 18 and adults.

5. The differences in perception detected in living and care
environments were more evident with lower ages, severity
of autism and diagnosed co-morbidities, as well as when
well-designed care units were present.
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6. The number of hypo-sensitive or sporadic sensitive individ-
uals was quite low in all cases, but increased slightly with
age, severity of autism and number of co-morbidities.

An approach to study environmental stress was applied with
neuroatypical individuals. The same approach might be used with
other types of individuals with special needs who cannot be
involved in direct surveys. The four comfort domains were found
to have similar trends in the different cases (answers by parents
and professional caregivers) considered, but some dependences
on individual conditions (e.g., age or severity of autism) were
found. Comfort domains where high sensitivities and stresses
were found, potentially affect autistic individuals differently than
neurotypical users. For this reason, further studies are necessary
in order to identify the specific environmental stimuli which
affect more the perception and sensitivity in this type of users,
and therefore need particular attention in project-phase (see Part
2 of the present work Caniato et al., 2022). After that, studies
will be necessary as regards these stimuli, in order to implement
the definition of comfort ranges for developing standards in the
design of environments for autistic users. For further detail on fu-
ture perspectives, please refer to the second part of this research
(Caniato et al., 2022).

CRediT authorship contribution statement

Marco Caniato: Conceptualization, Data curation, Data In-
terpretation, Formal analysis, Funding acquisition, Investigation,
Methodology, Project administration, Resources, Supervision, Val-
idation, Visualization, Writing – original draft, Writing – review
& editing. Luca Zaniboni: Data Interpretation, Writing – original
raft, Writing – review & editing. Arianna Marzi: Formal analysis,
ata Interpretation; Writing – original draft, Writing – review &
diting. Andrea Gasparella: Supervision.

Declaration of competing interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared
to influence the work reported in this paper.

Acknowledgments

This work was partially financed by the European Interreg
SENSHome project, ITAT, Italy 1088 CUP: I54I18000310006. The
authors want to thank Michele Borghetto for his precious help
in defining the correct questions form and all the partners of
the European Project SENSHome, which helped us with their
contributions. In particular, the authors thank the section lead by
Eng. Daniela Krainer of Carinthia University of Applied Sciences
and by Prof. Giuseppina Scavuzzo of University of Trieste for the
fundamental contributions in the redaction of the questionnaires.
The authors would like to thank Fondazione Progetto Autismo
and Elena Bulfone for their precious help. This paper was also
partially financed by the SCORELINE project, Italy financed by
the Free University of Bozen, CUP I55F21001090005. The authors
want also to thank Autism-Europe (https://www.autismeurope.
org/about-autism/acceptable-language/) for the suggestions on
language acceptability use. The procedure was implemented in
order to comply with the Declaration of World Medical Associa-
tion (1991). The first page of the questionnaire clearly included
the aim and scope of the research and the informed consent for
the study. Starting, completing and finishing any of the survey
was not mandatory, so all the participants voluntary consented

to participate.

1918
Appendix A. Supplementary data

Supplementary material related to this article can be found
online at https://doi.org/10.1016/j.egyr.2022.01.009.

References

American Psychiatric Association, 2013. Diagnostic and Statistical Manual of
Mental Disorders (DSM-5

®
). American Psychiatric Pub..

ASHRAE, 2017. 2017 ASHRAE Handbook-Fundamentals. American society of
heating, refrigerating and air-conditioning engineers, Atlanta.

Ashwin, C., Chapman, E., Howells, J., Rhydderch, D., Walker, I., Baron-Cohen, S.,
2014. Enhanced olfactory sensitivity in autism spectrum conditions. Mol.
Autism 5 (1), 53, https://link.springer.com/article/10.1186/2040-2392-5-53.

Baron-Cohen, S., Wheelwright, S., 2003. The friendship questionnaire: An in-
vestigation of adults with asperger syndrome or high-functioning autism,
and normal sex differences. J. Autism Dev. Disord. 33 (5), 509–517. http:
//dx.doi.org/10.1023/a:1025879411971.

Belek, B., 2019. Articulating sensory sensitivity: From bodies with autism to
autistic bodies. Med. Anthropol. 38 (1), 30–43. http://dx.doi.org/10.1080/
01459740.2018.1460750.

Berquist, J., Ouf, M., O’Brien, W., 2019. A method to conduct longitudinal studies
on indoor environmental quality and perceived occupant comfort. Build.
Environ. http://dx.doi.org/10.1016/j.buildenv.2018.12.064.

Bishop, S.L., Hus, V., Duncan, A., Huerta, M., Gotham, K., Pickles, A., Lord, C.,
et al., 2013. Subcategories of restricted and repetitive behaviors in children
with autism spectrum disorders. J. Autism Dev. Disord. 43 (6), 1287–1297.
http://dx.doi.org/10.1007/s10803-012-1671-0.

Boer, L.D., Eussen, M., Vroomen, J., 2013. Diminished sensitivity of audiovisual
temporal order in autism spectrum disorder. Front. Integr. Neurosci. 7 (8),
http://dx.doi.org/10.3389/fnint.2013.00008.

Bogsdashina, O., 2014. Sensory hyper- and hyposensitivity in autism. The
voice. URL https://integratedtreatmentservices.co.uk/blog/sensory-hyper-
hyposensitivity-autism/ (Accessed 9 November 2020).

Butterworth, T.W., Hodge, M.A.R., Sofronoff, K., Beaumont, R., Gray, K.M.,
Roberts, J., Einfeld, S.L., et al., 2013. Validation of the emotion regulation and
social skills questionnaire for Young people with autism spectrum disorders.
J. Autism Dev. Disord. 44 (7), 1535–1545. http://dx.doi.org/10.1007/s10803-
013-2014-5.

Caniato, M., Zaniboni, L., Marzi, A., Gasparella, A., 2022. Evaluation of the main
perception drivers in relation to indoor comfort for individuals with autism
spectrum disorder. Part 2: Influence of age, co-morbidities, gender and type
of respondent on the stress caused by specific environmental stimuli. Energy
Rep..

Carpino, C., Mora, D., De Simone, M., 2019. On the use of questionnaire in resi-
dential buildings. a review of collected data, methodologies and objectives.
Energy Build. 186, 297–318. http://dx.doi.org/10.1016/j.enbuild.2018.12.021.

Cassidy, M.K., 2018. Neurodiversity in the Workplace: Architecture for
Autism (Doctoral Dissertation). University of Cincinnati, https://etd.ohiolink.
edu/rws_etd/send_file/send?accession=ucin1525170488990925&disposition=
inline.

Cena, K., De Dear, R., 2001. Thermal comfort and behavioural strategies in office
buildings located in a hot-arid climate. J. Therm. Biol. 26 (4–5), 409–414.
http://dx.doi.org/10.1016/S0306-4565(01)00052-3.

Chappells, H., Shove, E., 2004. Comfort paradigms and practices: Report of ‘future
comfort’ workshop for a one-year project funded by the UK economic and
social research council’s environment and human behaviour programme.
https://www.lancaster.ac.uk/fass/projects/futcom/documents/webpaper.htm.

Clawson, T.H., Leafman, J., Nehrenz, Sr., G.M., Kimmer, S., 2012. Using pictograms
for communication. Mil. Med. 177 (3), 291–295. http://dx.doi.org/10.7205/
milmed-d-11-00279.

Danesh, A.A., Lang, D., Kaf, W., Andreassen, W.D., Scott, J., Eshraghi, A.A., 2015.
Tinnitus and hyperacusis in autism spectrum disorders with emphasis on
high functioning individuals diagnosed with Asperger’s syndrome. Int. J.
Pediatr. Otorhinolaryngol. 79 (10), 1683–1688. http://dx.doi.org/10.1016/j.
ijporl.2015.07.024.

Day, J.K., Futrell, J.B., Cox, R., Shelby, N., Ruiz, S., 2019. Blinded by the light:
Occupant perceptions and visual comfort assessments of three dynamic day-
light control systems and shading strategies. Build. Environ. 154, 107–121.
http://dx.doi.org/10.1016/j.buildenv.2019.02.037.

Del Ferraro, S., Iavicoli, S., Russo, S., Molinaro, V., 2015. A field study on thermal
comfort in an Italian hospital considering differences in gender and age.

Applied Ergon. 50, 177–184. http://dx.doi.org/10.1016/j.apergo.2015.03.014.

https://www.autismeurope.org/about-autism/acceptable-language/
https://www.autismeurope.org/about-autism/acceptable-language/
https://www.autismeurope.org/about-autism/acceptable-language/
https://doi.org/10.1016/j.egyr.2022.01.009
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb1
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb1
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb1
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb2
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb2
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb2
https://link.springer.com/article/10.1186/2040-2392-5-53
http://dx.doi.org/10.1023/a:1025879411971
http://dx.doi.org/10.1023/a:1025879411971
http://dx.doi.org/10.1023/a:1025879411971
http://dx.doi.org/10.1080/01459740.2018.1460750
http://dx.doi.org/10.1080/01459740.2018.1460750
http://dx.doi.org/10.1080/01459740.2018.1460750
http://dx.doi.org/10.1016/j.buildenv.2018.12.064
http://dx.doi.org/10.1007/s10803-012-1671-0
http://dx.doi.org/10.3389/fnint.2013.00008
https://integratedtreatmentservices.co.uk/blog/sensory-hyper-hyposensitivity-autism/
https://integratedtreatmentservices.co.uk/blog/sensory-hyper-hyposensitivity-autism/
https://integratedtreatmentservices.co.uk/blog/sensory-hyper-hyposensitivity-autism/
http://dx.doi.org/10.1007/s10803-013-2014-5
http://dx.doi.org/10.1007/s10803-013-2014-5
http://dx.doi.org/10.1007/s10803-013-2014-5
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb11
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb11
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb11
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb11
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb11
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb11
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb11
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb11
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb11
http://dx.doi.org/10.1016/j.enbuild.2018.12.021
https://etd.ohiolink.edu/rws_etd/send_file/send?accession=ucin1525170488990925&disposition=inline
https://etd.ohiolink.edu/rws_etd/send_file/send?accession=ucin1525170488990925&disposition=inline
https://etd.ohiolink.edu/rws_etd/send_file/send?accession=ucin1525170488990925&disposition=inline
https://etd.ohiolink.edu/rws_etd/send_file/send?accession=ucin1525170488990925&disposition=inline
https://etd.ohiolink.edu/rws_etd/send_file/send?accession=ucin1525170488990925&disposition=inline
http://dx.doi.org/10.1016/S0306-4565(01)00052-3
https://www.lancaster.ac.uk/fass/projects/futcom/documents/webpaper.htm
http://dx.doi.org/10.7205/milmed-d-11-00279
http://dx.doi.org/10.7205/milmed-d-11-00279
http://dx.doi.org/10.7205/milmed-d-11-00279
http://dx.doi.org/10.1016/j.ijporl.2015.07.024
http://dx.doi.org/10.1016/j.ijporl.2015.07.024
http://dx.doi.org/10.1016/j.ijporl.2015.07.024
http://dx.doi.org/10.1016/j.buildenv.2019.02.037
http://dx.doi.org/10.1016/j.apergo.2015.03.014


M. Caniato, L. Zaniboni, A. Marzi et al. Energy Reports 8 (2022) 1907–1920

D

D
F

F

F

F

G

G

G

G

G

H

H

H

H

H

H

I

J

J

K

K

K

N

N

N

P

P

R

R

R

S

S

evos, P., Aletta, F., Mynsbrugge, T.Vander, Thomas, P., Filipan, K., Petrovic, M.,
Botteldooren, D., et al., 2018. Soundscape design for management of behav-
ioral disorders: A pilot study among nursing home residents with dementia.
In: INTER-NOISE and NOISE-CON Congress and Conference Proceedings. Vol.
258, Institute of Noise Control Engineering., pp. 2104–2111, https://biblio.
ugent.be/publication/8579158/file/8579160.pdf.

ixon, J., 2007. Facilitare la comunicazione nell’autismo. Edizioni Erickson.
adda, R., Piras, F., Doneddu, G., Saba, L., Masala, C., 2018. Olfactory function

assessment in Italian subjects with autism spectrum disorder. Chemosens.
Percept. 11 (2), 51–58, https://link.springer.com/article/10.1007/s12078-017-
9234-6.

ergus Nicol, J., 2011. Adaptive comfort. Build. Res. Inf. 39 (2), 105–107. http:
//dx.doi.org/10.1080/09613218.2011.558690.

inlay, W.M.L., Lyons, E., 2001. Methodological issues in interviewing and using
self-report questionnaires with people with mental retardation. Psychol.
Assess. 13 (3), 319–335. http://dx.doi.org/10.1037/1040-3590.13.3.319.

orcada, N., Gangolells, M., Casals, M., Tejedor, B., Macarulla, M., Gaspar, K., 2021.
Field study on thermal comfort in nursing homes in heated environments.
Energy Build. 244, 111032.

aines, K., Bourne, A., Pearson, M., Kleibrink, M., 2016. Designing for Autism
Spectrum Disorders. Routledge.

alle, S.A., Courchesne, V., Mottron, L., Frasnelli, J., 2013. Olfaction in the autism
spectrum. Perception 42 (3), 341–355. http://dx.doi.org/10.1068/p7337.

eilman, A., 2016. Designing for children with sensory integration disorders:
A handbook for residential designers. JCCC Honor. J. 8 (1), 3, https://
scholarspace.jccc.edu/honors_journal/vol8/iss1/3.

eorge, D., Mallery, P., 2003. SPSS for Windows Step By Step: A Simple Guide
and Reference. 11.0 Update, 4th ed. Allyn & Bacon, Boston, USA.

omes, E., Rotta, N.T., Pedroso, F.S., Sleifer, P., Danesi, M.C., 2004. Auditory
hypersensitivity in children and teenagers with autistic spectrum disorder.
Arq. Neuropsiquiatr. 62 (3B), 797–801.

errera, G., Casas, X., Sevilla, J., Rosa, L., Pardo, C., Plaza, J., Le Groux, S.,
et al., 2012. Pictogram room: Natural interaction technologies to aid in
the development of children with autism. Annu. Clin. Health Psychol. 8
(2012), 39–44, Available at: https://www.researchgate.net/profile/Sylvain_
Le_Groux/publication/266078731_Pictogram_Room_Natural_Interaction_
Technologies_to_Aid_in_the_Development_of_Children_with_Autism/
links/542457db0cf26120b7a7412d/Pictogram-Room-Natural-Interaction-
Technologies-to-Aid-in-the-Development-of-Children-with-Autism.pdf.

ervás, R., Bautista, S., Méndez, G., Galván, P., Gervás, P., 2020. Predictive
composition of pictogram messages for users with autism. J. Ambient Intell.
Humaniz. Comput. 1–16.

eylighen, A., Vermeir, G., Rychtáriková, M., 2008. The sound of inclusion: A case
study on acoustic comfort for all. In: Designing Inclusive Futures. Springer,
London, pp. 75–84.

inkin, T.R., Tracey, J.B., 1999. An analysis of variance approach to content
validation. Organ. Res. Methods 2 (2), 175–186.

oof, J.van., Kort, H.S., Hensen, J.L.M., Duijnstee, M.S.H., Rutten, P.G.S., 2010.
Thermal comfort and the integrated design of homes for older people
with dementia. Build. Environ. 45 (2), 358–370. http://dx.doi.org/10.1016/
j.buildenv.2009.06.013.

uang, Y.C., Chu, C.L., Lee, S.N.C., Lan, S.J., Hsieh, C.H., Hsieh, Y.P., 2013.
Building users’ perceptions of importance of indoor environmental quality
in long-term care facilities. Build. Environ. 67, 224–230.

ezzoni, L.I., McCarthy, E.P., Davis, R.B., Siebens, H., 2000. Mobility problems and
perceptions of disability by self-respondents and proxy respondents. Med.
Care 105, 1–1057.

ones, E.K., Hanley, M., Riby, D.M., 2020. Distraction, distress and diversity:
Exploring the impact of sensory processing differences on learning and
school life for pupils with autism spectrum disorders. Res. Autism Spectr.
Disord. 72, 101515. http://dx.doi.org/10.1016/j.rasd.2020.101515.

ones, C.R., Happé, F., Baird, G., Simonoff, E., Marsden, A.J., Tregay, J., Charman, T.,
et al., 2009. Auditory discrimination and auditory sensory behaviours in
autism spectrum disorders. Neuropsychologia 47 (13), 2850–2858. http:
//dx.doi.org/10.1016/j.neuropsychologia.2009.06.015.

app, S.K., Gillespie-Lynch, K., Sherman, L.E., Hutman, T., 2013. Deficit, difference,
or both? Autism and neurodiversity. Dev. Psychol. 49 (1), 59.

aul, A.S., 2018. ‘Swedish Healthy Home’ from the Perspective of Autistic
Indivisuals: Benefits, Limitations and Recommendations (AF270X Degree
Project, Master’s Programme Architectural lighting design 17-18). School
of Architecture and Built Environment, KTH Royal Institute of Technol-
ogy, Stockholm, Available at: http://www.diva-portal.org/smash/get/diva2:
1239199/ATTACHMENT01.pdf.

oster, M., Nakken, H., Pijl, S.J., van Houten, E.J., Lutje Spelberg, H.C., 2008.
Assessing social participation of pupils with special needs in inclusive
education: The construction of a teacher questionnaire. Educ. Res. Eval. 14

(5), 395–409. http://dx.doi.org/10.1080/13803610802337657.

1919
Kuiper, M.W., Verhoeven, E.W., Geurts, H.M., 2019. Stop making noise! Auditory
sensitivity in adults with an autism spectrum disorder diagnosis: Physiolog-
ical habituation and subjective detection thresholds. J. Autism Dev. Disord.
49 (5), 2116–2128. http://dx.doi.org/10.1007/s10803-019-03890-9.

Kumar, S., Mahdavi, A., 2001. Integrating thermal comfort field data analysis in a
case-based building simulation environment. Build. Environ. 36 (6), 711–720.
http://dx.doi.org/10.1016/S0360-1323(00)00064-0.

Lane, D.M., Scott, D., Hebl, M., Guerra, R., Osherson, D., Zimmer, H., 2017.
Introduction to Statistics. Rice University, Houston, TX.

Law, J.K., Rubenstein, E., Marvin, A.R., Toroney, J., Lipkin, P.H., 2015. Auditory
sensitivity issues in children with autism spectrum disorders: Characteristics
and burden. In: Presented At the Interactive Autism Network. Kennedy
Krieger Institute, Available at: https://iancommunity.org/.

Lawson, R.P., Aylward, J., White, S., Rees, G., 2015. A striking reduction of simple
loudness adaptation in autism. Sci. Rep. 5 (1), 1–7. http://dx.doi.org/10.1038/
srep16157.

Leighton, S., 2010. Using a vignette-based questionnaire to explore adolescents’
understanding of mental health issues. Clin. Child Psychol. Psychiatry 15 (2),
231–250. http://dx.doi.org/10.1177/1359104509340234.

Liu, G., Jia, Y., Cen, C., Ma, B., Liu, K., 2019. A comparative thermal comfort
study in teaching buildings in autumn and winter season. Sci. Technol. Built
Environ. 1–13. http://dx.doi.org/10.1080/23744731.2019.1614426.

Loeb, M., Mont, D., Cappa, C., De Palma, E., Madans, J., Crialesi, R., 2018. The
development and testing of a module on child functioning for identifying
children with disabilities on surveys. I: Background. Disabil. Health J. 11 (4),
495–501.

Matson, J.L. (Ed.), 2016. Handbook of Assessment and Diagnosis of Autism
Spectrum Disorder. Springer.

Matthews, L., Hankey, C., Penpraze, V., Boyle, S., Macmillan, S., Miller, S.,
Melville, C.A., et al., 2011. Agreement of accelerometer and a physical
activity questionnaire in adults with intellectual disabilities. Prev. Med. 52
(5), 361–364. http://dx.doi.org/10.1016/j.ypmed.2011.02.001.

Minshawi, N.F., Hurwitz, S., Fodstad, J.C., Biebl, S., Morriss, D.H., McDougle, C.J.,
2014. The association between self-injurious behaviors and autism spectrum
disorders. Psychol. Res. Behav. Manag. 7 (125), http://dx.doi.org/10.2147/
PRBM.S44635.

Morgan, H., 2019. Connections between sensory sensitivities in autism; the
importance of sensory friendly environments for accessibility and increased
quality of life for the neurodivergent autistic minority. PSU McNair Scholars
Online J. 13 (1), 11. http://dx.doi.org/10.15760/mcnair.2019.13.1.11.

Mostafa, M., 2014. Architecture for autism: Autism ASPECTSS in school design.
ArchNet-IJAR 8 (1), https://core.ac.uk/reader/187100870.

Mostafa, M., 2020. Architecture for autism: Built environment performance in
accordance to the autism ASPECTSS design index. In: Autism 360◦ . Academic
Press, pp. 479–500. http://dx.doi.org/10.1016/B978-0-12-818466-0.00023-X.

ational Autistic Society, 2020. Communication tools. Visual supports.
URL https://www.autism.org.uk/advice-and-guidance/topics/communication/
communication-tools/visual-supports (Accessed 23 November 2020).

eumann, P.J., Araki, S.S., Gutterman, E.M., 2000. The use of proxy respondents in
studies of older adults: Lessons, challenges, and opportunities. J. Am. Geriatr.
Soc. 48 (12), 1646–1654.

oble, B., Isaacs, N., Lamb, S., 2018. The impact of IEQ factors on people on the
autism spectrum. In: International Conference of the Architectural Science
Association. pp. 27–33.

ierrette, M., Parizet, E., Chevret, P., Chatillon, J., 2014. Noise effect on com-
fort in open-space offices: Development of an assessment questionnaire.
Ergonomics 58 (1), 96–106.

orro, L., 2018. Strutture per le persone con disturbi dello spettro autistico.
Indirizzi per la progettazione E la valutazione della qualità edilizia (Doctoral
dissertation). Sapienza Università di Roma.

emington, A., Fairnie, J., 2017. A sound advantage: Increased auditory capac-
ity in autism. Cognition 166, 459–465. http://dx.doi.org/10.1016/j.cognition.
2017.04.002.

icciardi, P., Buratti, C., 2018. Environmental quality of university classrooms:
Subjective and objective evaluation of the thermal, acoustic, and lighting
comfort conditions. Build. Environ. 127, 23–36. http://dx.doi.org/10.1016/j.
buildenv.2017.10.030.

yu, J., Kim, J., Hong, W., Dear, R.de., 2020. Defining the thermal sensitivity
(Griffiths constant) of building occupants in the Korean residential context.
Energy Build. 208, 109648. http://dx.doi.org/10.1016/j.enbuild.2019.109648.

chofield, J., Scott, C., Spikins, P., Wright, B., 2020. Autism spectrum condition
and the built environment: New perspectives on place attachment and
cultural heritage. Historic Environ. 1–28. http://dx.doi.org/10.1080/17567505.
2020.1699638.

chüklenk, U., 2000. Protecting the vulnerable: Testing times for clinical research

ethics. Soc. Sci. Med. 51 (6), 969–977.

https://biblio.ugent.be/publication/8579158/file/8579160.pdf
https://biblio.ugent.be/publication/8579158/file/8579160.pdf
https://biblio.ugent.be/publication/8579158/file/8579160.pdf
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb21
https://link.springer.com/article/10.1007/s12078-017-9234-6
https://link.springer.com/article/10.1007/s12078-017-9234-6
https://link.springer.com/article/10.1007/s12078-017-9234-6
http://dx.doi.org/10.1080/09613218.2011.558690
http://dx.doi.org/10.1080/09613218.2011.558690
http://dx.doi.org/10.1080/09613218.2011.558690
http://dx.doi.org/10.1037/1040-3590.13.3.319
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb25
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb25
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb25
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb25
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb25
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb26
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb26
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb26
http://dx.doi.org/10.1068/p7337
https://scholarspace.jccc.edu/honors_journal/vol8/iss1/3
https://scholarspace.jccc.edu/honors_journal/vol8/iss1/3
https://scholarspace.jccc.edu/honors_journal/vol8/iss1/3
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb29
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb29
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb29
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb30
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb30
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb30
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb30
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb30
https://www.researchgate.net/profile/Sylvain_Le_Groux/publication/266078731_Pictogram_Room_Natural_Interaction_Technologies_to_Aid_in_the_Development_of_Children_with_Autism/links/542457db0cf26120b7a7412d/Pictogram-Room-Natural-Interaction-Technologies-to-Aid-in-the-Development-of-Children-with-Autism.pdf
https://www.researchgate.net/profile/Sylvain_Le_Groux/publication/266078731_Pictogram_Room_Natural_Interaction_Technologies_to_Aid_in_the_Development_of_Children_with_Autism/links/542457db0cf26120b7a7412d/Pictogram-Room-Natural-Interaction-Technologies-to-Aid-in-the-Development-of-Children-with-Autism.pdf
https://www.researchgate.net/profile/Sylvain_Le_Groux/publication/266078731_Pictogram_Room_Natural_Interaction_Technologies_to_Aid_in_the_Development_of_Children_with_Autism/links/542457db0cf26120b7a7412d/Pictogram-Room-Natural-Interaction-Technologies-to-Aid-in-the-Development-of-Children-with-Autism.pdf
https://www.researchgate.net/profile/Sylvain_Le_Groux/publication/266078731_Pictogram_Room_Natural_Interaction_Technologies_to_Aid_in_the_Development_of_Children_with_Autism/links/542457db0cf26120b7a7412d/Pictogram-Room-Natural-Interaction-Technologies-to-Aid-in-the-Development-of-Children-with-Autism.pdf
https://www.researchgate.net/profile/Sylvain_Le_Groux/publication/266078731_Pictogram_Room_Natural_Interaction_Technologies_to_Aid_in_the_Development_of_Children_with_Autism/links/542457db0cf26120b7a7412d/Pictogram-Room-Natural-Interaction-Technologies-to-Aid-in-the-Development-of-Children-with-Autism.pdf
https://www.researchgate.net/profile/Sylvain_Le_Groux/publication/266078731_Pictogram_Room_Natural_Interaction_Technologies_to_Aid_in_the_Development_of_Children_with_Autism/links/542457db0cf26120b7a7412d/Pictogram-Room-Natural-Interaction-Technologies-to-Aid-in-the-Development-of-Children-with-Autism.pdf
https://www.researchgate.net/profile/Sylvain_Le_Groux/publication/266078731_Pictogram_Room_Natural_Interaction_Technologies_to_Aid_in_the_Development_of_Children_with_Autism/links/542457db0cf26120b7a7412d/Pictogram-Room-Natural-Interaction-Technologies-to-Aid-in-the-Development-of-Children-with-Autism.pdf
https://www.researchgate.net/profile/Sylvain_Le_Groux/publication/266078731_Pictogram_Room_Natural_Interaction_Technologies_to_Aid_in_the_Development_of_Children_with_Autism/links/542457db0cf26120b7a7412d/Pictogram-Room-Natural-Interaction-Technologies-to-Aid-in-the-Development-of-Children-with-Autism.pdf
https://www.researchgate.net/profile/Sylvain_Le_Groux/publication/266078731_Pictogram_Room_Natural_Interaction_Technologies_to_Aid_in_the_Development_of_Children_with_Autism/links/542457db0cf26120b7a7412d/Pictogram-Room-Natural-Interaction-Technologies-to-Aid-in-the-Development-of-Children-with-Autism.pdf
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb32
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb32
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb32
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb32
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb32
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb33
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb33
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb33
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb33
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb33
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb34
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb34
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb34
http://dx.doi.org/10.1016/j.buildenv.2009.06.013
http://dx.doi.org/10.1016/j.buildenv.2009.06.013
http://dx.doi.org/10.1016/j.buildenv.2009.06.013
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb36
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb36
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb36
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb36
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb36
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb37
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb37
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb37
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb37
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb37
http://dx.doi.org/10.1016/j.rasd.2020.101515
http://dx.doi.org/10.1016/j.neuropsychologia.2009.06.015
http://dx.doi.org/10.1016/j.neuropsychologia.2009.06.015
http://dx.doi.org/10.1016/j.neuropsychologia.2009.06.015
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb40
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb40
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb40
http://www.diva-portal.org/smash/get/diva2:1239199/ATTACHMENT01.pdf
http://www.diva-portal.org/smash/get/diva2:1239199/ATTACHMENT01.pdf
http://www.diva-portal.org/smash/get/diva2:1239199/ATTACHMENT01.pdf
http://dx.doi.org/10.1080/13803610802337657
http://dx.doi.org/10.1007/s10803-019-03890-9
http://dx.doi.org/10.1016/S0360-1323(00)00064-0
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb45
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb45
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb45
https://iancommunity.org/
http://dx.doi.org/10.1038/srep16157
http://dx.doi.org/10.1038/srep16157
http://dx.doi.org/10.1038/srep16157
http://dx.doi.org/10.1177/1359104509340234
http://dx.doi.org/10.1080/23744731.2019.1614426
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb50
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb50
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb50
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb50
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb50
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb50
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb50
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb51
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb51
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb51
http://dx.doi.org/10.1016/j.ypmed.2011.02.001
http://dx.doi.org/10.2147/PRBM. S44635
http://dx.doi.org/10.2147/PRBM. S44635
http://dx.doi.org/10.2147/PRBM. S44635
http://dx.doi.org/10.15760/mcnair.2019.13.1.11
https://core.ac.uk/reader/187100870
http://dx.doi.org/10.1016/B978-0-12-818466-0.00023-X
https://www.autism.org.uk/advice-and-guidance/topics/communication/communication-tools/visual-supports
https://www.autism.org.uk/advice-and-guidance/topics/communication/communication-tools/visual-supports
https://www.autism.org.uk/advice-and-guidance/topics/communication/communication-tools/visual-supports
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb58
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb58
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb58
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb58
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb58
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb60
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb60
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb60
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb60
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb60
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb61
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb61
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb61
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb61
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb61
http://dx.doi.org/10.1016/j.cognition.2017.04.002
http://dx.doi.org/10.1016/j.cognition.2017.04.002
http://dx.doi.org/10.1016/j.cognition.2017.04.002
http://dx.doi.org/10.1016/j.buildenv.2017.10.030
http://dx.doi.org/10.1016/j.buildenv.2017.10.030
http://dx.doi.org/10.1016/j.buildenv.2017.10.030
http://dx.doi.org/10.1016/j.enbuild.2019.109648
http://dx.doi.org/10.1080/17567505.2020.1699638
http://dx.doi.org/10.1080/17567505.2020.1699638
http://dx.doi.org/10.1080/17567505.2020.1699638
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb66
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb66
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb66


M. Caniato, L. Zaniboni, A. Marzi et al. Energy Reports 8 (2022) 1907–1920

S
hell, S., Why Buildings for Autistic People are Better for Everyone. AIA, WELL AP,
LEED BD+C, Forte Building Science, a division of M. E. Group. Available at:
https://network.aia.org/HigherLogic/System/DownloadDocumentFile.ashx?
DocumentFileKey=3fff74f0-6418-8e5f-00ed-4ebeb38eabd8&forceDialog=0.

Silva, M.F., Maas, S., de Souza, H.A., Gomes, A.P., 2017. Post-occupancy evaluation
of residential buildings in Luxembourg with centralized and decentralized
ventilation systems, focusing on indoor air quality (IAQ). assessment by
questionnaires and physical measurements. Energy Build. 148, 119–127.
http://dx.doi.org/10.1016/j.enbuild.2017.04.049.

European Committee for Standardization, EN 15251. Indoor Environmental Input
Parameters for Design and Assessment of Energy Performance of Buildings
Addressing Indoor Air Quality, Thermal Environment, Lighting and Acoustics.
Brussels, Belgium, 2007.

European Committee for Standardization, EN 12464-1. Light and Lighting -
Lighting of Work Places - Part 1: Indoor Work Places. Brussels, Belgium,
2011.

European Committee for Standardization, EN 16798-1. Energy Performance of
Buildings - Ventilation for Buildings - Part 1: Indoor Environmental Input
Parameters for Design and Assessment of Energy Performance of Buildings
Addressing Indoor Air Quality, Thermal Environment, Lighting and Acoustics.
Brussels, Belgium, 2019.

StatisticsSolutions, 2020. Conduct and interpret a Mann–Whitney U-test. Statis-
tics Solutions https://www.statisticssolutions.com/free-resources/directory-
of-statistical-analyses/mann-whitney-u-test-2/ (Accessed 21 August 2020).
1920
Talay-Ongan, A., Wood, K., 2000. Unusual sensory sensitivities in autism: A
possible crossroads. Int. J. Disabil. Dev. Educ. 47 (2), 201–212. http://dx.doi.
org/10.1080/713671112.

Vaughan, S., McGlone, F., Poole, H., Moore, D.J., 2020. A quantitative sensory
testing approach to pain in autism spectrum disorders. J. Autism Dev.
Disord. 50 (5), 1607–1620, https://link.springer.com/article/10.1007/s10803-
019-03918-0.

Wali, L.J., Sanfilippo, F., 2019. A review of the state-of-the-art of assistive
technology for people with ASD in the workplace and in everyday life.
In: Conference on E-Business, E-Services and E-Society. Springer, Cham, pp.
520–532, https://link.springer.com/chapter/10.1007/978-3-030-29374-1_42.

Wang, Z., de Dear, R., Luo, M., Lin, B., He, Y., Ghahramani, A., Zhu, Y., 2018.
Individual difference in thermal comfort: A literature review. Build. Environ.
138, 181–193. http://dx.doi.org/10.1016/j.buildenv.2018.04.04.0.

Williams, Z.J., Failla, M.D., Davis, S.L., Heflin, B.H., Okitondo, C.D., Moore, D.J.,
Cascio, C.J., 2019. Thermal perceptual thresholds are typical in autism spec-
trum disorder but strongly related to intra-individual response variability.
Sci. Rep. 9 (1), 1–14, https://www.nature.com/articles/s41598-019-49103-2.

World Medical Association, 1991. Declaration of Helsinki. Law Med. Health Care
19 (3–4), 264–265.

Xue, P., Mak, C.M., Cheung, H.D., 2014. The effects of daylighting and human
behavior on luminous comfort in residential buildings: A questionnaire
survey. Build. Environ. 81, 51–59. http://dx.doi.org/10.1016/j.buildenv.2014.
06.011.

Zaniboni, L., Pernigotto, G., Toftum, J., Gasparella, A., Olesen, B.W., 2020. Subjec-
tive and objective assessment of thermal comfort in physiotherapy centers.
Build. Environ. 106808. http://dx.doi.org/10.1016/j.buildenv.2020.106808.

https://network.aia.org/HigherLogic/System/DownloadDocumentFile.ashx?DocumentFileKey=3fff74f0-6418-8e5f-00ed-4ebeb38eabd8&forceDialog=0
https://network.aia.org/HigherLogic/System/DownloadDocumentFile.ashx?DocumentFileKey=3fff74f0-6418-8e5f-00ed-4ebeb38eabd8&forceDialog=0
https://network.aia.org/HigherLogic/System/DownloadDocumentFile.ashx?DocumentFileKey=3fff74f0-6418-8e5f-00ed-4ebeb38eabd8&forceDialog=0
http://dx.doi.org/10.1016/j.enbuild.2017.04.049
https://www.statisticssolutions.com/free-resources/directory-of-statistical-analyses/mann-whitney-u-test-2/
https://www.statisticssolutions.com/free-resources/directory-of-statistical-analyses/mann-whitney-u-test-2/
https://www.statisticssolutions.com/free-resources/directory-of-statistical-analyses/mann-whitney-u-test-2/
http://dx.doi.org/10.1080/713671112
http://dx.doi.org/10.1080/713671112
http://dx.doi.org/10.1080/713671112
https://link.springer.com/article/10.1007/s10803-019-03918-0
https://link.springer.com/article/10.1007/s10803-019-03918-0
https://link.springer.com/article/10.1007/s10803-019-03918-0
https://link.springer.com/chapter/10.1007/978-3-030-29374-1_42
http://dx.doi.org/10.1016/j.buildenv.2018.04.04.0
https://www.nature.com/articles/s41598-019-49103-2
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb78
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb78
http://refhub.elsevier.com/S2352-4847(22)00010-5/sb78
http://dx.doi.org/10.1016/j.buildenv.2014.06.011
http://dx.doi.org/10.1016/j.buildenv.2014.06.011
http://dx.doi.org/10.1016/j.buildenv.2014.06.011
http://dx.doi.org/10.1016/j.buildenv.2020.106808

	Evaluation of the main sensitivity drivers in relation to indoor comfort for individuals with autism spectrum disorder. Part 1: Investigation methodology and general results
	Introduction and background
	Materials and methods
	Development of the questionnaires and survey administration
	Data processing
	Research Ethics and Proxy respondents 

	Results and discussions
	Population
	Questionnaires reliability
	Trends, influence of respondents and environments
	Influence of gender, co-morbidities, severity of autism and age 

	Limitations of the present study
	Conclusions
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgments
	Appendix A. Supplementary data
	References


