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Abstract

Objectives Sensory processing is the ability to discern and understand information from one’s sensory organs. Understanding
sensory processing patterns in different clinical groups could elicit evidence that sensory processing patterns are a transdiagnostic
mechanism in neurodevelopmental disorders. Furthermore, there is little evidence of how sensory processing patterns relate to
behaviours, such as attention, social, and mood difficulties in autism and ADHD. The goals of this study were to directly compare
sensory processing patterns in autism, ADHD, and typical development and to explore the association between sensory processing
and behavioural outcomes.

Methods Data were collected through the Province of Ontario Neurodevelopmental Network. The parents of 805
children with typical development, ADHD, or ASD completed measures of sensory processing and behavioural
outcomes with the Short Sensory Profile and the Childhood Behaviour Checklist, respectively. Sensory processing
was compared across groups and regression analyses were conducted to determine if behavioural patterns could be
predicted by sensory processing patterns in the clinical sample.

Results Overall, the results identified significant differences in sensory processing patterns between the diagnosed and
undiagnosed participants. Autism and ADHD differed on all Sensory Profile subscales except auditory filtering and
under-responsivity/sensory seeking. All behavioural outcomes were predicted by sensory processing patterns over and
above the variance accounted for by the diagnostic group, suggesting that understanding sensory processing patterns
is an important piece of a comprehensive understanding of the behavioural patterns observed across multiple clinical
populations.

Conclusions There is evidence that sensory processing is different in ASD and ADHD but that specific patterns of sensory
processing are related to behavioural outcomes in both disorders. Better understanding sensory processing as a mechanism
for behaviour can help to identify simple interventions across neurodevelopmental disorders.
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Profile - Behavioural outcomes - Childhood Behaviour Checklist
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The umbrella term of neurodevelopmental disorders cap-
tures a variety of disorders including autism spectrum
disorder (ASD), attention-deficit/hyperactivity disorder
(ADHD), learning disabilities, intellectual disabilities, and
more. Each of these disorders is thought to develop due to
unique neural etiologies; however, they often share large
areas of overlap in clinical symptomatology (APA, 2013),
significant genetic precursors (Satterstrom et al., 2019),
hypothesized underlying mechanisms (Rommelse et al.,
2017), and the frequent occurrence of comorbidity (Dewey,
2018; Hansen et al., 2018). In particular, the similarities
and rates of comorbidity between ADHD and autism are
striking. It has been reported that 30% of autistic individu-
als also meet the diagnostic criteria for ADHD, compared
to community estimates ranging from two to eleven per-
cent (Vasiliadis et al., 2017). Likewise, estimates suggest
that about 18% of individuals diagnosed with ADHD will
have comorbid autism compared to about 1% of the general
population (Kotte et al., 2013). Although the overlap in the
diagnostic criteria for ADHD and autism is minimal, these
two conditions share a number of associated difficulties in
areas such as social interactions, attention, and sensory
processing patterns (Aduen et al., 2018; Chita-Tegmark,
2016; Little et al., 2011; Murray, 2010).

Sensory processing refers to the way the nervous system
receives, organizes, and interprets signals from the sensory
organs including the eyes, ears, nose, tongue, and skin (Kil-
roy et al., 2019). It has been posited that sensory processing
serves as a critical building block in cognitive development,
and as a result, disruptions in sensory processing cascade
into deficits in many processes such as speech perception,
language, working memory, attention, social performance,
and emotion regulation (Ashburner et al., 2008; Chorna
et al., 2014; Ghanizadeh, 2011; Thye et al., 2018). Therefore,
a thorough understanding of sensory processing patterns in
neurodevelopmental disorders is essential in a complete con-
ceptualization of these disorders.

Sensory processing profiles refer to four common ways
sensory processing manifests according to Dunn’s theory,
namely sensory sensitivity, sensory avoidance, low reg-
istration, and sensory seeking (Dunn & Westman, 1997).
Sensory processing profiles are identified based on neural
thresholds required for the detection of a sensory stimulus
and the associated self-regulatory behaviours. Sensory sen-
sitivity and sensory avoidance both result from low neural
thresholds or a greater ability to perceive low-intensity sen-
sory information. Of these two profiles, passive regulation
results in sensory sensitivity and active regulation results in
sensory avoidance of additional sensory input. High neural
thresholds for sensory input are indicative of hyposensitiv-
ity in which fewer sensory signals are being processed and
result in the low registration and sensory-seeking profiles.
Low registration is the passive profile of behaviour related to

high neural thresholds, whereas sensory seeking is observed
when individuals actively seek out additional sensory input
(Dunn & Brown, 1997).

Abnormalities related to these four profiles of sensory
processing are further divided into seven subscales. Four of
these subscales are related to sensitivity or an individual’s
ability to detect input in different sensory modalities, includ-
ing tactile sensitivity, taste/smell sensitivity, visual/auditory
sensitivity, and movement sensitivity. Movement sensitivity
is related to one’s vestibular system which is responsible for
our spatial understanding which can manifest as a sensitivity
to being lifted off the ground or upside-down. Under-respon-
sivity/sensory seeking refers to the lower detection of sen-
sory input and the subsequent search for additional sensory
input. Auditory filtering is the ability to unconsciously dif-
ferentiate between important and irrelevant auditory infor-
mation. Low energy/weakness assesses the proprioceptive
system or one’s sense of body awareness in relation to things
such as force and pressure. Maladaptive sensory process-
ing patterns are well documented in autism, and hypo- and
hyper-sensitivity, specifically, are included in the diagnostic
criteria (Marco et al., 2011; O’connor, 2012; Simmons et al.,
2009). Atypical sensory processing patterns have also been
more recently affiliated with ADHD (Bijlenga et al., 2017,
Ghanizadeh, 2011). There is sufficient evidence to support
the hypothesis that diagnosed populations, such as autism
and ADHD, have atypical sensory processing patterns com-
pared to children without a diagnosis.

While there is a strong evidence base that displays sig-
nificantly greater differences in sensory processing patterns
in diagnosed groups compared to the general population,
the research directly comparing autism and ADHD is less
substantial and less consistent. One study that used sensory
processing patterns to discriminate between autism and
ADHD displayed success with up to 90% specificity (Ermer
& Dunn, 1998); however, a second study with similar meth-
ods failed to identify group differences between autism and
ADHD (Cheung & Siu, 2009). Comparisons of means on
questionnaires and behavioural measures between autism
and ADHD have generally resulted in similar sensory pro-
cessing patterns across groups (Little et al., 2018); however,
where differences were evident, the exact nature of those
differences varied between studies. Greater differences in
sensory processing patterns have been found in ADHD com-
pared to autism in the domains of body awareness, sensation
seeking, and auditory filtering (Clince et al., 2016; Sanz-
Cervera et al., 2017; Schafer et al., 2013). In the domain of
sensory avoiding, however, greater differences have been
observed in autism (Dellapiazza et al., 2021). These idiosyn-
cratic differences between studies may be an issue of sample
size, variability (or lack there of) in symptom severity of
the participants, differences in ages as sensory processes
develop throughout childhood, and various measurements
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used such as questionnaires, compared to behavioural tasks
utilizing discrimination or detection paradigms, or neuro-
logical methods, etc. Better understanding how sensory pro-
cessing patterns are similar or different across diagnoses is
essential to early identification of these symptoms resulting
in improved intervention outcomes (Dunn, 2007).

While the pursuit of differentiating sensory processing
patterns between autism and ADHD is an important ques-
tion in itself, we are also interested in investigating the role
that sensory processing patterns have in the development
of behavioural characteristics. Difficulty with cognitive
processes arising from early differences in sensory process-
ing patterns may result in the behavioural manifestations
and shared features of many neurodevelopmental disorders,
including autism and ADHD (Wallace et al., 2020). Under-
standing the relationships between sensory processing and
behaviour in ASD and ADHD may not only help us better
provide assessment and intervention in these two disorders,
but across neurodevelopmental disorders more broadly.

Overall, we aimed to assess sensory processing patterns
as a trans-diagnostic mechanism in autism and ADHD. Our
first aim was to examine whether sensory processing pat-
terns differ between autism, ADHD, and typical develop-
ment. Our hypothesis was that significant differences would
be found between both diagnosed samples and our control
group on all aspects of sensory processing. Specifically, we
hypothesized differences in sensory seeking, movement sen-
sitivity, and auditory filtering such that the ADHD group
would have more severe and frequent behaviours related
to these specific sensory processing patterns compared to
the ASD group. Our second aim was to explore the rela-
tions between sensory processing patterns and behavioural
outcomes, regardless of group membership. Based on the
characteristics most prevalent in autism and ADHD, we
hypothesized that the strongest associations between sensory
processing patterns and behavioural difficulties in the areas
of social and attentional problems.

Methods
Participants

Participants were recruited through the Province of Ontario
Neurodevelopmental Disorder Network (POND) as part of
a large, interdisciplinary, multi-site study comparing charac-
teristics in neurodevelopmental disorders (locations include
Kingston, Hamilton, Toronto, and London, ON). Inclusion
criteria for the current study were a primary diagnosis of
autism or ADHD from a community health care provider
or no diagnoses and completion of the measures of inter-
est—the SSP and CBCL. Each participant was assessed
by a trained clinician using a cross-disorder checklist and
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participants were excluded from the ADHD group if any
autism DSM-IV or DSM-5 symptoms were present. Like-
wise, participants were excluded from the autism group if
any ADHD characteristics were present according to the
cross-disorder checklist. Data were extracted from 867 chil-
dren including 172 children without diagnoses, 353 autistic
participants, and 342 with ADHD (see Table 1).

Procedure

As part of the POND Network data collection, participants
underwent an extensive battery of testing across four major
testing sites in Ontario, Canada. Depending on the site,
participants underwent slight variations of a standard set of
testing. Each testing site complied with their correspond-
ing institutes’ ethics protocols. Participants were recruited
through hospitals, clinics, public advertisements, social
media, and existing research databases. Community diagno-
ses were confirmed through the Autism Diagnostic Observa-
tion Schedule, Autism Diagnostic Interview — Revised, and
Parent Interview for Child Symptoms.

Measures

Our measures of interest included the SSP and CBCL for
school-aged children. The SSP is a broad assessment of
sensory processing patterns commonly used in the autis-
tic population. The 38-item parent questionnaire assesses
Dunn’s four sensory processing profiles in different sensory
modalities resulting in seven patterns of sensory processing.
Items are rated on a five-point Likert scale in which lower
scores indicate greater frequency of behaviours.

The CBCL is a parent questionnaire that is divided into
two main components: competence and syndrome assess-
ments (Achenbach & Edelbrock, 1991). The first compo-
nent assesses competence across a range of areas including
socializing, leisure activities, and school performance. The
second component examines emotional and behavioural pat-
terns. Our analyses focus on the second component which is

Table 1 Demographic information by group (median and range
reported unless stated otherwise)

TD ASD ADHD
n 163 325 317
n Males 91 251 230
n Females 72 74 87
Mean (SD) age 11.29 (3.46) 10.82 (3.43) 9.68 (2.76)
Age range 3-20 2-20 5-18
Mean (SD) IQ 109.56 (12.14)  88.83 (26.98)  93.15 (14.87)

Higher CBCL scores and lower SSP scores indicate greater deviation
from scores observed in individuals without a diagnosis
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further divided into an internalizing scale and an externaliz-
ing scale which together comprise a wide range of syndrome
scales including anxious/depressed, withdrawn/depressed,
somatic complaints, social problems, thought problems,
attention problems, rule-breaking behaviour, and aggressive
behaviour. Statements are rated on a three-point Likert scale
ranging from zero (not true or absent) to two (very true or
often true). Greater scores indicate greater severity of the
present item. T-scores are utilized to compare participants
to norms based on sex assigned at birth and age group (6-11
and 12-18 years).

Data Analyses

Outliers were identified and excluded if they fell outside
two standard deviations (SD) of the mean of their diagnos-
tic group on the Total CBCL score or the Total SSP score.
One-sample Kolmogorov—Smirnov tests were completed for
all SSP and CBCL scales within each group to determine
the normalcy of the distribution. None of the scores in the
ADHD group were normally distributed. The autism data
were normally distributed in under-responsivity/sensory
seeks. Levene’s test suggested that the groups did not have
homogenous variances. Because these assumptions were
violated, nonparametric Kruskal-Wallis H tests were used.

Before completing our primary analyses, we compared
ages, intelligence quotients, and sex ratios between groups.
Kruskal-Wallis H tests are the nonparametric equivalent
of a one-way ANOVA. Because data is not normally dis-
tributed, comparisons are rank-based as opposed to mean-
based. Kruskal-Wallis H tests with pairwise comparisons
were used to compare ages and intelligence quotients across
groups. A chi-square test was used to compare the differ-
ences in sex ratios across groups. To address our first aim to
compare sensory characteristics between groups, we con-
ducted Kruskal-Wallis tests with pairwise comparisons,
comparing autism, ADHD, and TD groups on each of the
seven SSP subscales and SSP total score. A Bonferroni cor-
rection of 0.05 over 8 tests resulted in a corrected a-value of
0.00625, which all significant results surpassed.

To address our second aim and to relate sensory process-
ing patterns to behavioural outcomes, we conducted multiple
hierarchical regressions to determine if the SSP subscales
could be used to predict each of the CBCL subscales of inter-
est in our clinical sample. We conducted eight regressions,
one for each CBCL subscale, and data from all participants
with an autism or ADHD diagnosis were included. Variables
such as age, gender, and IQ are related to sensory processing
patterns and behavioural outcomes and were thus controlled
for in the first step of the regression model. With these analy-
ses, we are taking a dimensional trait (sensory processing
patterns) approach to understand maladaptive behaviour in
our entire diagnosed sample, which could provide insight

into whether sensory processing patterns may be a potential
transdiagnostic mechanism. In the second step, diagnosis
was included to control for diagnostic grouping and sensory
information was included in the third. In the fourth step,
we included the sensory processing subscale by diagnostic
group interaction terms to determine whether the diagnos-
tic group was differentially affecting the relations between
sensory processing and behavioural outcomes.

Results

Out of the total sample, nine TD individuals, 25 individu-
als with ADHD, and 28 autistic individuals were excluded
because their scores on the CBCL or SSP total scores were
outside two standard deviations of the mean. After exclud-
ing outliers, our final sample consisted of 805 participants
(see Table 1 for detailed demographics). Age significantly
differed across groups with a small effect size (H, =33.41,
p<0.001, 72=0.04), such that the ADHD participants were
significantly younger on average compared to the two other
groups (see Table 1). Intelligence assessments were avail-
able for 273 autistic, 73 ADHD, and 162 TD participants and
were significantly different between groups (H,,=90.00,
p<0.001, *=0.17), such that the diagnosed groups were
comparable but both autism and ADHD participants had
significantly lower IQs than the TD participants. The ratio
of girls to boys also significantly differed between groups,
with the TD group having a higher proportion of females
than the other two groups (;(2(3) =24.75,p<0.001, ¢p=0.17).

Comparing Sensory Processing Patterns

We used Kruskal-Wallis tests to compare sensory process-
ing patterns across groups (see Fig. 1). The groups signifi-
cantly differed on all SSP subscales, including tactile sen-
sitivity (H,)=236.78, p<0.001, n*=0.29); taste and smell
sensitivity (H,,=152.93, p<0.001, 772 =0.19); movement
sensitivity (H(z) =89.92, p<0.001, 172 =0.11); under-respon-
sivity/sensory seeking (H ,,=300.35, p<0.001, n*=0.37);
auditory filtering (H(z) =312.96, p<0.001, 172 =0.39); low
energy/weakness (H(z) =195.55, p<0.001, 172 =0.24); and
auditory and visual sensitivity (H(z):274.1 1, p<0.001,
1?=0.34). Pairwise comparisons further analysed individual
group differences (see Table 2). Both diagnosed groups were
significantly different from the TD group on all measures
of sensory processing patterns, such that the TD partici-
pants experienced fewer and less severe sensory processing
patterns. For under-responsivity/sensory seeking and audi-
tory filtering, no differences were observed between the two
diagnosed groups. Autistic participants scored significantly
lower, indicating greater severity and frequency, on all other
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Fig. 1 SSP scores in ASD,
ADHD, and TD. Red line indi-

Tactile Sensitivity

35 == e o= 20
cates group mean - = "=
2B = = ¢} 16+
9214 = 3 12+
»n -
144 ¢ 8
7- 4

Taste/Smell Sensitivity Movement Sensitivity

Sensory Seeks

_——_—— 15 = = — ¥z T =
?_E_E 12-_:_:: 28-§§§
=i i WEES
SR ol T w T E
o N L F

ASDADHD TD ASDADHD TD ASDADHD TD ASDADHD TD
Auditory Filtering Low Energy/Weak Visual/Auditory Sensitivity SSP Total
30 ¢ = 30 == = = By = T 190+ T
g1 = = : 184 = @ B1= : 114+
» S . . * -_—
124 = T 124 = 104 = 76+
P P 5-1—¢ K S e
ASDADHD TD ASDADHD TD ASDADHD TD ASDADHD TD
Table2 Kruskal-Wallis ADHD vs. ASD TD vs. ASD TD vs. ADHD
pairwise comparisons of
sensory processing patterns U p P U p P U p P
across groups
Tactile sensitivity 147.31 <0.01* 0.74 338.66 <0.01* 0.65 191.35 <0.01* 0.68
Taste/smell sensitivity 10470 <0.01* 0.75 271.17 <0.01* 0.65 16647 <0.01* 0.68
Movement sensitivity 105.63 <0.01* 0.75 190.69 <0.01* 0.66 85.06 <0.01* 0.68
Under-responsivity/seeks 28.50 0.12 0.75 365.56 <0.01* 0.65 337.06 <0.01* 0.69
Auditory filtering 16.49 0.37 0.75 352.84 <0.01* 0.65 369.33 <0.01* 0.69
Low energy/weak 128.00 <0.01* 0.75 298.60 <0.01* 0.65 170.60 <0.01* 0.68
Visual/auditory sensitivity 180.38 <0.01* 0.74 356.76 <0.01* 0.65 176.38 <0.01* 0.68
SSP total 135.01 <0.01* 0.75 445.06 <0.01* 0.64 310.05 <0.01* 0.69

U refers to the Kruskal-Wallis test statistic and 77 is the effect size. Bold values indiciate a p level less than

0.05

measures of sensory processing, compared to individuals
with ADHD.

Predicting Behavioural Outcomes

A series of regression analyses were run to examine the rela-
tions between CBCL scores and SSP subscales (Tables 3, 4, 5,
6,7,8,9, and 10). Across the behavioural outcomes examined
from the CBCL, all were significantly predicted by the SSP
subscales and only social problems was significantly predicted
in the fourth step of the regressions examining the interaction
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terms. Overall, the effect sizes were quite large for the regres-
sions, suggesting strong predictive power of the sensory pro-
cessing patterns above and beyond the variance accounted for
by diagnosis.

Discussion
The primary goal of this study was to directly compare

sensory processing patterns in autism, ADHD, and typi-
cal development. Secondly, we explored the relationship
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Tablg 3_ Hierarchical r egression Predictor p t-value Partial correla- p-value
predlctlpg CBCL anxious/ tion (pr)
depressive problems
Model 1: R>=0.03; F-change(3, 344)=3.14; p=0.03
Age 0.05 0.96 0.05 0.34
Gender -0.04 -0.67 -0.04 0.50
IQ 0.15 2.81 0.15 0.005%*
Model 2: R2=0.03; F-change(1, 343)=1.84; p=0.18
Age 0.05 0.90 0.05 0.37
Gender -0.04 -0.82 -0.04 0.41
1Q 0.16 2.90 0.16 0.004*
Diagnosis —-0.07 —-1.35 —-0.07 0.18
Model 3: R>=0.22; F-change(7, 336)=11.77; p <0.001
Age 0.12 2.25 0.12 0.03*
Gender -0.02 -0.46 -0.03 0.64
1Q 0.17 3.23 0.17 <0.001*
Diagnosis 0.08 1.47 0.08 0.14
Tactile sensitivity v0.13 -2.08 -0.11 0.04*
Taste/smell sensitivity 0.14 —2.63 -0.14 0.01*
Movement sensitivity -0.15 —-2.54 -0.14 0.01*
Under-responsive/sensory seeking < —-0.01 —0.06 < —-0.01 0.95
Auditory filtering -0.07 -1.13 -0.06 0.26
Low energy/weak —-0.05 —-0.81 -0.04 0.42
Visual/auditory sensitivity -0.14 —-2.05 —0.11 0.04*

Model 4: R*=0.25; F-change(7, 329)=1.62; p=0.13

The asterisk/bold values indicates significance at an alpha level of 0.05

between sensory processing patterns and behavioural out-
comes across the entire clinical sample. Overall, the results
identified significant differences in sensory processing
patterns between the undiagnosed and diagnosed groups.
Autism and ADHD differed on all sensory subscales except
auditory filtering and under-responsivity/sensory seeking.
In line with our hypotheses, all behavioural outcomes were
significantly predicted by sensory processing patterns over
and above the variance accounted for by diagnostic group
and demographic variables.

Comparing Sensory Processing Patterns

As expected, sensory processing patterns in both diag-
nosed samples exceeded those observed in undiagnosed
participants. Contrary to our hypotheses, the two diag-
nosed groups did not exhibit similar overall patterns of
sensory processing. Instead, the autism group displayed
a significantly more severe and frequent pattern of sen-
sory processing than the ADHD group. Our results align
with previous literature that has found differences in
sensory processing patterns between autism and ADHD
participants (Ermer & Dunn, 1998). Because our find-
ings were contrary to some of the literature that has
found similar patterns of sensory processing in autism

and ADHD (Cheung & Siu, 2009; Clince et al., 2016;
Dellapiazza et al., 2021; Sanz-Cervera et al., 2017), a
systematic review and meta-analysis has the potential to
provide clarity on the inconsistent findings in the exist-
ing research in this area.

We hypothesized that the severity in three sensory
subscales would be elevated in ADHD relative to ASD,
specifically, under-responsivity/sensory seeking, audi-
tory filtering, and movement sensitivity. The first two,
under-responsive/sensory seeking and auditory filter-
ing, were exacerbated in ADHD relative to the other
subscales within this group. That is, these subscales in
ADHD were equivalent to ASD while all other subscales
were less severe and less frequent in ADHD than ASD.
The fact that under-responsivity/sensory seeking and
auditory filtering are exacerbated in ADHD relative to
the other subscales aligns with what is known about the
characteristics of ADHD. For example, items describ-
ing under-responsivity and sensory seeking on the SSP
include behaviours such as seeking movement, touching
people and objects, and jumping from one activity to the
next (Dunn, 1999). Behavioural descriptions of ADHD in
the diagnostic criteria include items such as often fidg-
ets or squirms, does not stay seated, and has difficulty
sustaining attention or does not complete tasks (APA,
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Table 4 Hierarchical regression

s ; Predictor p t-value Partial correlation p-value
predicting CBCL withdrawn/ r)
depressed problems

Model 1: R>=0.013; F-change(3, 344)=1.52; p=0.21
Age 0.07 1.36 0.07 0.17
Gender 0.08 1.40 0.08 0.16
1Q 0.06 1.04 0.06 0.30

Model 2: R*=0.09; F-change(1, 343)=28.25; p<0.001
Age 0.06 1.18 0.06 0.24
Gender 0.04 0.84 0.05 0.40
1Q 0.08 1.45 0.08 0.15
Diagnosis -0.28 -5.32 -0.28 <0.001*

Model 3: R>=0.23; F-change(7, 336)=8.65; p <0.001
Age 0.08 1.62 0.09 0.11
Gender 0.06 1.20 0.07 0.23
1Q 0.06 1.08 0.06 0.28
Diagnosis -0.14 —2.63 -0.14 0.009*
Tactile sensitivity -0.24 —3.85 -0.21 <0.001*
Taste/smell sensitivity -0.09 —1.65 -0.09 0.10
Movement sensitivity 0.03 0.45 0.02 0.66
Under-responsive/sensory seeking —-0.01 -0.22 —-0.01 0.83
Auditory filtering -0.01 -0.12 -0.01 0.91
Low energy/weak —-0.22 -391 —-0.21 <0.001*
Visual/auditory sensitivity —-0.02 —-0.23 —-0.01 0.82

Model 4: R*=0.25; F-change(7, 329)=1.49; p=0.17

The asterisk/bold values indicates significance at an alpha level of 0.05

2013). Therefore, there is overlap in behaviours labelled
as under-responsivity/sensory seeking and behaviours
labelled as ADHD characteristics. The overlap in the
measures used to assess sensory processing patterns and
symptomatology is a limitation of this study. Future stud-
ies should use behavioural measures of sensory process-
ing patterns and more thorough symptom assessments as
opposed to symptom checklists, for example, the obser-
vation assessment—Achenbach System of Empirically
Based Assessments — Test Observation Form.
Likewise, the process of auditory filtering is highly
related to attention and thus, ADHD. Auditory filtering
refers to our ability to automatically and unconsciously
filter out irrelevant auditory information in our environ-
ment and attention refers to the active process of extract-
ing salient information from our environment (Gibson
& Rader, 1979). Therefore, it follows that if the auto-
matic filtering of auditory stimuli is impaired, the active
attentional system has more information to sift through,
rendering the process of focusing on the most salient
cues in the environment, more difficult. Previous stud-
ies examining auditory filtering in ADHD have found
no group differences compared to their peers without
diagnoses (Conzelmann et al., 2010; Hanlon et al., 2009;
Holstein et al., 2013), however, other studies have shown
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relations between auditory filtering and attention prob-
lems (Conzelmann et al., 2015; Hutchison et al., 2017).
As a result, the relation between specific auditory filter-
ing processing and attention remains inconclusive. These
behaviours associated with the two elevated subscales,
Under-responsivity/Sensory Seeking and Auditory Fil-
tering overlap with the diagnostic criteria for ADHD,
thus it is understandable that under-responsivity, sensory
seeking, and auditory filtering would all be increasingly
displayed by individuals with ADHD in comparison to
typical development.

While we hypothesized that movement sensitivity in
ADHD would exceed ASD movement sensitivity, the
opposite was found. One factor that may have affected
these results is the differences in ADHD subtypes as we
included all ADHD diagnoses without distinguishing
between subtypes whereas movement sensitivity might
be more prevalent in the inattentive ADHD subtype
compared to the impulsive/hyperactive ADHD subtype.
These surprising results may also be due to our novel use
of the Short Sensory Profile in the ASD/ADHD com-
parison. Our hypothesis regarding increased movement
sensitivity in ADHD was based on the previous finding
of increased differences in body awareness from the Sen-
sory Processing Measure and the relations between the
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Table 5 Hierarchical r egression Predictor p t-value Partial correlation p-value
predicting CBCL somatic (pr)
complaints
Model 1: R>=0.01; F-change(3, 344)=1.54; p=0.20
Age 0.04 0.73 0.04 0.47
Gender -0.09 -1.72 —-0.09 0.09
1Q 0.05 0.93 0.05 0.35
Model 2: R>=0.01; F-change(1, 343)=0.33; p=0.57
Age 0.04 0.75 0.04 0.45
Gender —-0.09 —1.64 -0.09 0.10
1Q 0.05 0.89 0.05 0.37
Diagnosis 0.03 0.58 0.03 0.57
Model 3: R*=0.23; F-change(7, 336)=13.79; p<0.001
Age 0.09 1.69 0.09 0.09
Gender —-0.07 —1.51 —0.08 0.13
1Q 0.04 0.76 0.04 0.45
Diagnosis 0.21 3.88 0.21 <0.001*
Tactile sensitivity -0.23 -3.75 —-0.20 <0.001*
Taste/smell sensitivity -0.07 —1.28 —0.07 0.20
Movement sensitivity -0.07 —-1.13 —0.06 0.26
Under-responsive/sensory seeking -0.02 -0.37 -0.02 0.71
Auditory filtering —0.05 v0.74 —0.04 0.46
Low energy/weak -0.20 -3.72 -0.20 <0.001*
Visual/auditory sensitivity -0.10 —1.44 —0.08 0.15
Model 4: R>=24; F-change(7, 329)=0.60; p=0.75
The asterisk/bold values indicates significance at an alpha level of 0.05
Table6 Hierarchical r egression Predictor p t-value Partial correlation p-value
predicting CBCL social (pr)
problems
Model 1: R><0.01; F-change(3, 344)=0.34; p=0.80
Age —-0.04 -0.82 —0.04 0.41
Gender —-0.03 -0.54 —-0.03 0.59
1Q 0.02 0.34 0.02 0.74
Model 2: R>=0.01; F-change(1, 343)=3.71; p=0.06
Age —-0.05 -0.91 —0.05 0.36
Gender —-0.04 -0.76 —0.04 0.45
1Q 0.03 0.48 0.03 0.64
Diagnosis -0.10 —1.93 —0.10 0.06
Model 3: R*=0.25; F-change(7, 336)=15.09; p<0.001
Age 0.07 1.37 0.07 0.17
Gender —-0.07 —1.36 —-0.07 0.18
1Q 0.09 1.71 0.09 0.09
Diagnosis 0.02 0.43 0.02 0.67
Tactile sensitivity —0.08 —1.36 —0.07 0.17
Taste/smell sensitivity -0.04 -0.74 —0.04 0.46
Movement sensitivity -0.01 —-0.20 v0.01 0.85
Under-responsive/sensory seeking -0.34 —5.45 -0.28 <0.001*
Auditory filtering 0.00 —0.08 0.00 0.94
Low energy/weak -0.20 —3.60 -0.19 <0.001*
Visual/auditory sensitivity -0.10 —1.51 —0.08 0.13

Model 4: R*=0.29; F-change(7, 329)=2.86; p=0.006

The asterisk/bold values indicates significance at an alpha level of 0.05
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Table 7 Hierarchical regression

sl Predictor p t-value Partial correlation p-value
predicting CBCL thought r)
problems

Model 1: R*= 0.02; F-change(3, 344)=2.75; p=0.04
Age -0.02 -0.35 -0.02 0.73
Gender 0.08 1.45 0.08 0.15
1Q -0.13 —-242 -0.13 0.02%*

Model 2: R?=0.07; F-change(1, 343)=16.64; p<0.001
Age -0.03 —0.53 —0.03 0.60
Gender 0.05 1.01 0.05 0.31
1Q -0.11 —2.18 -0.12 0.03*
Diagnosis -0.22 —4.08 -0.22 <0.001*

Model 3: R*=0.32; F-change(7, 336)=18.05; p <0.001
Age 0.14 2.98 0.16 0.003*
Gender 0.04 0.83 0.05 0.41
1Q -0.02 -0.37 -0.02 0.71
Diagnosis -0.11 -2.17 -0.12 0.03*
Tactile sensitivity 0.01 0.12 0.01 0.91
Taste/smell sensitivity -0.17 —-3.24 -0.17 0.001*
Movement sensitivity 0.02 0.40 0.02 0.69
Under-responsive/sensory seeking -0.39 —6.69 —-0.34 <0.001*
Auditory filtering —-0.01 -0.23 -0.01 0.82
Low energy/weak —-0.01 -0.27 —-0.01 0.79
Visual/auditory sensitivity -0.18 —2.89 —0.16 0.004*

Model 4: R*=0.34; F-change(7, 329)=0.83; p=0.56

The asterisk/bold values indicates significance at an alpha level of 0.05

Movement Sensitivity scale and Body Awareness scale
(Simard et al., 2011). However, because our results do
not align with the previous research, future assessments
are required relating these measures to ADHD and the
convergent validity of these two assessments of sensory
processing patterns.

Predicting Behavioural Outcomes

We analysed the predictive relations between sensory
processing and behavioural outcomes. We found that all
eight behavioural areas were significantly predicted by
sensory processing patterns, even after accounting for
diagnostic group differences. Under-responsivity/sensory
seeking had the strongest predictive power for a num-
ber of behaviours including aggression, rule-breaking
behaviour, and thought, attention, and social problems.
Sensory-seeking behaviours can include behaviours such
as encroaching on someone’s personal space, bumping
or crashing into things and people, making loud noises,
and touching people and objects. These sensory-seeking
behaviours may be interpreted as rule-breaking behav-
iour, aggression, or inattention, which would explain
these relations. Additionally, these types of sensory-seek-
ing behaviours have been related to social characteristics
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in ASD and thus could extrapolate to other diagnosed
groups as well (Baranek et al., 2018), suggesting that
sensory seeking may be a trans-diagnostic feature related
to social problems. Lastly, there is minimal prior evi-
dence linking sensory seeking and thought problems
specifically. Further research into this connection is war-
ranted to potentially uncover a shared mechanism.

Two sensory subscales also stand out in terms of their
widespread predictive ability in behavioural outcomes:
tactile sensitivity and low energy or weakness. Tactile
sensitivity was found to be related to somatic complaints.
One possible explanation is that individuals with tactile
sensitivity are more likely to perceive physical sensations
as painful and thus express more somatic complaints.
Likewise, low energy or weakness could also be linked
to forms of somatic complaints such as tiring quickly or
struggling with physical tasks or struggling to support
oneself. For similar reasons, low energy or weakness
may be related to attention. Individuals who experience
low energy and weakness may struggle to sustain their
attention for extended periods of time or lack the mental
effort to stay focused (Boksem et al., 2005). Lastly, it
is understandable that individuals who experience low
energy may withdraw and be more depressed and strug-
gle with social situations because they lack the energy
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Table8 Hierarchical r egression Predictor p t-value Partial correlation p-value
predicting CBCL attention (pr)
problems
Model 1: R>=0.05; F-change(3, 344)=5.91; p<0.001
Age —-0.13 —2.40 —-0.13 0.02
Gender —-0.09 —1.80 —-0.10 0.07
1Q —-0.16 —-3.09 —-0.16 0.002*
Model 2: R?=0.05; F-change(1, 343)=0.90; p=0.35
Age —-0.12 -235 -0.13 0.02*
Gender —-0.09 —1.68 -0.09 0.10
1Q -0.17 -3.15 —-0.17 0.002%*
Diagnosis 0.05 0.95 0.05 0.35
Model 3: R*=0.39; F-change(7, 336)=26.40; p<0.001
Age 0.04 0.86 0.05 0.39
Gender —-0.15 -3.34 —0.18 0.001*
1Q —-0.10 —2.28 —-0.12 0.02*
Diagnosis 0.08 1.76 0.10 0.08
Tactile sensitivity 0.14 2.51 0.14 0.01*
Taste/smell sensitivity -0.02 —0.50 —0.03 0.62
Movement sensitivity 0.03 0.58 0.03 0.56
Under-responsive/sensory seeking -0.41 —-7.42 -0.38 <0.001*
Auditory filtering -0.30 —5.45 -0.28 <0.001*
Low energy/weak -0.14 —2.87 —0.15 0.004*
Visual/auditory sensitivity 0.00 0.01 0.00 0.99
Model 4: R>=0.40; F-change(7, 329)=0.74; p=0.64
The asterisk/bold values indicates significance at an alpha level of 0.05
Table9 Hierarchical r egression Predictor p t-value Partial Correlation p-value
predicting CBCL rule-breaking (pr)
behaviour
Model 1: R>=0.04; F-change(3, 344)=4.34; p=0.005
Age —-0.18 —3.40 —0.18 0.001*
Gender —-0.03 —0.46 —-0.03 0.64
1Q 0.06 1.19 0.06 0.24
Model 2: R?>=0.04; F-change(1, 343)=2.70; p=0.10
Age —-0.18 -3.33 —-0.18 0.001*
Gender —-0.01 -0.27 —0.01 0.78
1Q 0.06 1.07 0.06 0.28
Diagnosis 0.09 1.64 0.09 0.10
Model 3: R*=0.14; F-change(7, 336)=5.38; p<0.001
Age —-0.08 —1.48 —-0.08 0.14
Gender —-0.04 —0.81 —0.04 0.42
1Q 0.09 1.60 0.09 0.6
Diagnosis 0.08 1.43 0.08 0.16
Tactile sensitivity —-0.04 -0.57 —-0.03 0.57
Taste/smell sensitivity -0.02 —-0.33 —-0.02 0.74
Movement sensitivity 0.05 0.87 0.05 0.39
Under-responsive/sensory seeking -0.25 —3.81 -0.20 <0.001*
Auditory filtering -0.14 -2.17 -0.12 0.03*
Low energy/weak 0.01 0.21 0.01 0.84
Visual/auditory sensitivity 0.08 1.10 0.06 0.27

Model 4: R*=0.17; F-change(7, 329)=1.64; p=0.12

The asterisk/bold values indicates significance at an alpha level of 0.05
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Table 10 Hierarchical

. o Predictor p t-value Partial Correla- p-value
regression predicting CBCL tion (pr)
aggression problems

Model 1: R>=0.05; F-change(3, 344)=5.99; p<0.001
Age -0.21 -3.97 -0.21 <0.001*
Gender 0.05 0.87 0.05 0.39
1Q 0.04 0.81 0.04 0.42

Model 2: R2=0.06; F-change(1, 343)=3.70; p=0.05
Age -0.21 -3.90 -0.21 <0.001*
Gender 0.06 1.09 0.06 0.28
1Q 0.04 0.68 0.04 0.50
Diagnosis 0.10 1.92 0.10 0.06

Model 3: R?=0.21; F-change(7, 336)=9.33; p<0.001
Age —-0.09 -1.70 -0.09 0.09
Gender 0.04 0.84 0.05 0.40
1Q 0.07 1.39 0.08 0.17
Diagnosis 0.14 2.57 0.14 0.01
Tactile sensitivity -0.21 -3.34 -0.18 0.001*
Taste/smell sensitivity —-0.01 -0.23 —-0.01 0.82
Movement sensitivity 0.08 1.36 0.07 0.18
Under-responsive/sensory seeking -0.29 —4.63 —-0.24 <0.001*
Auditory filtering —0.05 -0.87 —0.05 0.39
Low energy/weak 0.05 0.95 0.05 0.34
Auditory/visual sensitivity 0.02 0.29 0.02 0.77

Model 4: R*=0.22; F-change(7, 329)=0.71; p=0.67

The asterisk/bold values indicates significance at an alpha level of 0.05

to engage in enjoyable activities and social interactions
(Carter et al., 1995; Ekers et al., 2014).

Individuals who are hypersensitive to sensory stimuli
are able to detect stimuli at a lesser intensity, resulting
in a greater number of perceivable stimuli in their envi-
ronments. This may lead an individual to be overloaded
by their sensory environment and hypotheses suggest
that sensory overload can be related to higher levels of
anxiety (Black et al., 2017; Neil et al., 2016). Therefore,
because tactile sensitivity can lead to sensory overload
from the environment, which in turn increases anxiety
and avoidance, this hypothesis could explain the rela-
tion between tactile sensitivity and anxious/depressive
and depressive/withdrawn behaviours. All in all, tactile
sensitivity and low energy or weakness have widespread
effects on behaviour. It is important that sensory differ-
ences be considered in the treatment of behavioural con-
cerns (see Dunn, 2007 for a thorough guide on practical
interventions for sensory processing concerns).

Overall, we aimed to better understand sensory pro-
cessing as a transdiagnostic mechanism in neurodevel-
opmental disorders. As of right now, we treat clusters of
behaviours, providing a band-aid solution. Elucidating
the underlying of specific behaviours allows for more
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targeted interventions and improved long-term treatment
outcomes.

Limitations and Future Directions

There are a few limitations to consider. Firstly, the use
of the questionnaires is a limitation because we relied
on parent report and the factor structure of the Sensory
Profile is under discussion. Evidence dictates that there
is often a lack of agreement between children and ado-
lescents and their caregivers when reporting character-
istics, behaviours, and experiences (Bitsika et al., 2016;
Verhulst & Van der Ende, 1992). The Sensory Profile
has shown high validity and reliability, however, recent
research has questioned its factor structure, which has
implications for our discussion of the relations between
the Sensory Profile subscales and behavioural outcomes
(Tomchek et al., 2014; Williams et al., 2018).

Secondly, we are unable to speak to the causation of
behavioural characteristics because this study is cross-
sectional and observational in nature. Future research
should include an experimental design in which causation
can be inferred. Additionally, we excluded participants
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who displayed characteristics or traits related to comor-
bid conditions. While this allowed us to better under-
stand developmental disorders individually, it makes
our results less generalizable as the vast majority of this
population experience comorbidities. There is a higher
prevalence of both ADHD and autism in males compared
to females. However, research suggests that the male bias
might be due to varying presentations of both autism and
ADHD in girls (Young et al., 2018, 2020). Therefore, it
is important to note that this male bias may not be rep-
resentative and may contribute to the disproportionate
understanding of these disorders in females.

Lastly, our participants range in age from very young
to young adults and there is evidence that sensory
processing changes over development. Although we
accounted for age in our regressions, it is an important
consideration while interpreting our results. Future direc-
tions in this line of work include understanding sensory
processing differences as a shared underlying mechanism
in not only ASD and ADHD, but in other neurodevelop-
mental disorders as well.
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