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ABSTRACT

Sensory sensitivity and anxiety are often experienced by neurodivergent children. Repetitive physical actions are
a common way to self-regulate and reduce anxiety, yet stigma attached to these actions can discourage people
with sensory sensitivities from participating in public events such as concerts. Children with sensory sensitivities
therefore often miss out on the social benefits of attending live concerts. This paper reports the results of two
studies (for each N = 20) investigating whether the predictability/level of internal repetition in classical music
can be calming for Australian children aged 5-14 with sensory sensitivities. Study 1 utilized a one-on-one lab-
oratory setting with live piano performance (two low repetition pieces, two high repetition pieces), whereas
Study 2 used a group performance setting with a live cello performance (one low repetition piece, one high
repetition piece). Proxy measures of anxiety and engagement were completed by parents/carers in both studies,
and facial expressions and finger oximeter measures were also captured in Study 1. Across the two studies both
music types had a calming effect compared to baseline, with Study 2 also indicating significantly higher interest,
involvement, and enjoyment levels for high repetition music. These findings have implications for the use of

music for children with sensory sensitivities in arts programming and therapeutic contexts.

A recent report estimated that between 15 % and 20 % of the world’s
population are neurodivergent (Doyle, 2020). This includes conditions
such as Autism Spectrum Disorder (ASD), Attention Deficit Hyperac-
tivity Disorder (ADHD), Tourette Syndrome, and Dyslexia.' Specifically
within Australia, it was estimated that in 2015, 1 in every 150 Austra-
lians had a diagnosis of ASD (Australian Institute of Health and Welfare,
2017), with the fastest growing group being children aged 5 to 14. These
figures seem to be increasing worldwide (Zeidan et al., 2022) although it
is not yet clear if these increases are primarily due to a growth in the
prevalence of ASD, or rather due to increased reporting and application
of diagnosis (Russell et al., 2022, pp. 13505). Regardless of the reasons
for these reported increases, it is clear that ASD is a larger part our lives
than was thought only a few years ago.

Sensory sensitivity is common in children diagnosed with ASD and
other conditions such as ADHD (Dellapiazza et al., 2021; Llanes et al.,
2020). Sensory sensitivity can impact neurodivergent children in their
everyday functioning, in part by limiting social participation in activities

that may enhance their quality of life (Boldsen, 2022). This paper will
use “sensory sensitivities” as an umbrella term for children experiencing
hypersensitivity in a broader context, including both self-recognized and
medical diagnoses. This research aims to investigate if live music per-
formances—and specifically music containing higher levels of internal
repetition, defined here as recurring patterns or structures within the
music—can have a calming effect and facilitate positive engagement for
children with sensory sensitivities.

For children with sensory sensitivities, social outings can be a great
challenge (Broady et al., 2017; Lovell & Wetherell, 2019). To cope with
sensory overwhelm, many children with sensory sensitivities rely on
repetitive and/or restrictive actions and routines (Black et al., 2017;
Brooks et al., 2016). This so-called stimming is a stereotypical feature of
ASD and can be displayed in many ways, such as rocking, flicking,
spinning, rubbing, or repeating a certain word or phrase (Kapp et al.,
2019; McLaughlin & Fleury, 2020). The sensory overwhelm, associated
anxiety, and stigma (Liao et al., 2019; Ng et al., 2020) attached to the
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child’s noticeable behaviors—that are often regarded as socially inap-
propriate—can contribute to avoidance of outings altogether (Broady
etal., 2017; Kinnear et al., 2016). Such avoidance of social activities can
limit opportunities for families to be able to spend quality time together
outside the home, as well as restrict exposure and learning opportunities
for children with sensory sensitivities to expand their social skills (Spain
et al., 2018; Tint & Weiss, 2016). Stimming is used to help control
sensory overload, whether that be from the internal (i.e., noisy thoughts
or uncontainable emotions) or external environment (Kapp et al., 2019).
The concept of examining internal music repetition in this study takes
inspiration from these repetitive actions.

This study explores whether music containing higher repetition of
predictable patterns will reduce anxiety, thereby providing a calming
effect. Our aim for this work was not to study whether music replaces the
need to stim, or to reduce any physical responses to the music to meet
the neuronormative expectation of sitting and being quiet during a
concert (Pickard et al., 2020). Rather, this study aimed to normalize
natural responses to music regardless of how they are manifested and
what they entail. The hope of this work is to assist with the inclusive
design of sensory-friendly music programming, including but not
limited to informed choices around repertoire and environment.

Along with sensory sensitivities, anxiety is a common occurrence in
both ASD and ADHD. Across multiple surveys anxiety ranked as the
second most common disorder or co-existing disorder (with ADHD
ranked first) among school-aged children (Llanes et al., 2020; Simonoff
et al., 2008). Moreover, a comprehensive Australian study (Sciberras
et al., 2014) found the presence of anxiety disorder in 64 % of partici-
pating children (aged 5-13 years) diagnosed with ADHD, with other
work indicating that upwards of 90 % of participating high functioning
youths (aged 7-15) diagnosed with ASD qualified for two or more
anxiety disorders (Ung et al., 2013). Given that youths who are living
with both ASD and anxiety as coexisting conditions have higher occur-
rences of self-injury, depression, and parental stress in comparison to
youths living solely with ASD (Kerns et al., 2015), it is critical that
further work examines possible means to offset these impacting factors.

Music therapy is used to support children with ASD to increase social
and emotional skills (Brancatisano et al., 2020; Foran, 2021; Haering,
2018). Yet whereas music therapy is often tailored for the individual’s
needs and clinical goals, real life group activities such as attending
professional live concerts—and in particular classical music con-
certs—are not widely available to children with sensory sensitivities.
With increasing awareness of autism, a new concept of ‘relaxed’ events
is beginning to emerge (Fletcher-Watson & May, 2018; Kempe, 2014),
and this extends to musical concerts (Shiloh & LaGasse, 2014). These
events aim to make the environment sensory-friendly by introducing
reduced levels of lighting and sound, and providing early entry hours for
people with sensory sensitivities to avoid crowding. Importantly,
sensory-friendly concerts can directly benefit these families by
providing a genuine opportunity to engage in social and cultural activ-
ities together (Shiloh & LaGasse, 2014).

In addition to the well-documented benefits of music engagement in
our daily lives (Croom, 2012; Ferreri & Verga, 2016; Jiang et al., 2016),
music has been shown to positively impact children with ASD in
emotional regulation, social connection, and neurological development
(Blauth & Oldfield, 2022; Danciulescu & Zaharia, 2023; LaGasse et al.,
2019). Engagement with music can change brain activities in children
with ASD by directly influencing auditory-motor connections (Sharda
etal., 2018), and can also increase their facial and emotional recognition
(Wagener et al., 2021), thereby leading to better social interactions.
Children with ASD can often be musically gifted (Baron-Cohen et al.,
2009; Masataka, 2017; Sharda et al., 2018), and display a strong pro-
cessing ability in music (Jamey et al., 2019; Sharda et al., 2018).

According to Baron-Cohen (2009), there is an association between
sensory hypersensitivity and the hyper-systemizing nature of individuals
with ASD and their musical talent. Another noticeable autistic trait is a
strong preference for routine, structure, and predictability (Honey et al.,
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2007; Leekam et al., 2011), in addition to systemizing and organizing
patterns (Baron-Cohen, 2017; pp. 3, 1270; van der Zee & Derksen,
2021). Individuals with ASD sometimes display a preference for classical
music (Bhatara et al., 2013; Levasseur et al., 2020), which may be due to
the systematic nature of the classical musical form.

Despite the existing literature clearly linking people with ASD to
preferences for structure or being drawn to processes of systemizing and
organizing patterns, little empirical research has examined how this
might relate to music preference and engagement in a live setting. Given
that people with ASD are often reported to receive calming effects by
repetition in both stimming and predictability (Goris et al., 2020; Kapp
et al., 2019), the impetus of this work is to examine whether highly
repetitive music might be able to provide a similar regulatory effect.
This work therefore examines responses to music with either high levels
of internal repetition or low levels of internal repetition. Hypotheses
were designed, although we note that due to the lack of directly related
empirical literature, this work can also be considered exploratory in
some senses.

Aims and hypotheses

Across two studies, this work examined whether increased internal
repetitive elements in classical music leads to reduced anxiety for chil-
dren with sensory sensitivities attending a live performance. To sup-
plement this investigation, levels of engagement for the children were
also measured. In an attempt to record the most robust data available,
the decision was made to also collect objective measurements.

It was hypothesized that

H1: Children with sensory sensitivities demonstrate significantly
lower anxiety when listening to highly repetitive music, in comparison
to music with less internal repetition.

H2: Children with sensory sensitivities demonstrate significantly
higher engagement when listening to highly repetitive music, in com-
parison to music with less internal repetition.

Study 1
Method

Participants

Given that sensory sensitivity is a common feature in ASD and
ADHD, our recruitment strategy targeted children who had sensory
sensitivities with or without a broader diagnosis of ASD, ADHD, or other
neurological conditions. After completing an initial prescreening ques-
tionnaire, 20 children (6 female, 14 male) aged 5-13 years (M = 9.5, SD
= 2.1), and their parents/carers were eligible to participate. Participants
consisted of ten children with diagnoses of ASD, seven children with
ADHD, seven children with Sensory Processing Disorder or Sensory
Modulation Disorder, two children with Oppositional Defiant Disorder,
two children with anxiety, and five children with undiagnosed sensory
sensitivities (identified by their parent/carer). Almost half of the chil-
dren (45 %) had more than one diagnosis. Exclusions applied to children
with hearing impairments, extreme sensory sensitivities that may lead to
distress in the experimental setting, Down Syndrome, and Cerebral
Palsy. Additionally, given that much of the procedure (detailed below)
hinged upon reports provided by the parents/carers, the decision was
made not to recruit parents/carers who had significant vision impair-
ments or who did not speak English. The decision for this latter exclusion
was based on the fact that translation of terms between languages may
not be exact, but for future studies we encourage a more culturally
diverse sample than was used here.

Procedure
Participants were recruited from a paediatric occupational therapy
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clinic in Australia. Printed flyers and information sheets were given by
clinic staff to any interested clients. Interested parents/carers were sent
a short online prescreening questionnaire link to determine their eligi-
bility. Following this, written informed consent was obtained from legal
guardians.

Experimental sessions were conducted in a private room at the
paediatric occupational clinic and scheduled, where possible, to coin-
cide with their usual therapy appointments. Children were invited to the
room individually with one parent/carer accompanying the child. Sib-
ling/s were also allowed in the room when necessary. In addition to the
researcher, an assistant was present to operate the video camera (pro-
ducing an objective measurement of engagement, as detailed below) and
assist with oximeter readings (producing an objective measure of
arousal, also detailed below). Parents/carers were asked to fill in a
baseline questionnaire before commencing the study. Children were
gently encouraged to wear a finger oximeter and a video camera was
statically placed 1.5 m away, directly facing the child. The room was
well lit to maximize clear picture quality. A Kawai ES 8 digital piano was
placed to the left side of the child with the sound level set at the mid-way
point for all children except for two children who requested a lower
sound level.

Music was performed by the lead author, who is a professional
concert pianist. Four solo piano pieces were performed, with two con-
taining high levels of internal repetition, and two containing low levels
of internal repetition. The presentation order of these conditions was
counterbalanced, alternating the playing order of the sets of high and
low repetition pieces between participants so that presentation order
was not a confounding factor. The children were free to listen without
movement restrictions. Parents/carers were asked to observe their child
during the performances and to record their observations of the child’s
response to the music in a further questionnaire at the end of each
condition during a short break between pieces. Oximeter measurements
were manually recorded from the measurement device by the videog-
rapher at regular intervals during three measurement periods (baseline;
after first experimental condition; after the second experimental con-
dition). One child declined to wear the oximeter from the beginning of
the study, and two other children requested its removal during the
second experimental condition; oximeter data for these three children
were not used in analyses. Each session ran for approximately 20 mi-
nutes, and concluded with a piece of popular, uplifting music selected by
the lead author and not used in the experiment. Each child received a
sensory-friendly gift bag for participating. An overview of the mea-
surement time points for Study 1 is shown in Fig. 1, and an overview of
the room setup is provided within the Supplementary Material.”

Measures and materials

The prescreening survey examined eligibility by collecting de-
mographic information as well as requesting information about any
observations or diagnoses relating to sensory sensitivity. Following the
prescreening survey, parents/carers completed an online Qualtrics sur-
vey on a supplied tablet device (as per Fig. 1). The Multidimensional
Anxiety Scale for Children (MASC) (March et al., 1997) was used to
measure anxiety in children. Parents/carers rated each of the 19 state-
ments listed on a 7-point scale (1 = Strongly disagree, 7 = Strongly
agree) and an aggregate of these values was created for each time point,
with higher values indicating higher ratings of observed anxiety. The
Music in Dementia Assessment Scale (MiDAS) is a behavioral observa-
tion rating tool initially developed to measure the engagement of people
with dementia with musical programs and often used in music therapy
studies (Dowson & McDermott, 2019; McDermott et al., 2014, 2015; Ray
& Gotell, 2018). It was selected for use in the current study due to its

2 The Supplementary Material is available at: https://osf.io/hqvp7/?view_onl
y= 04863cb15dc843deaa82bf22a86f02ca
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usefulness in measuring behavioral indicators of musical engagement.
Of the five MiDAS subscales, three were selected for use (being the most
relevant subscales: Interest — measured across 3 questions; Involvement
— measured across 2 questions; Enjoyment — measured across 3 ques-
tions). Wording of questions were modified as appropriate to the study
context (e.g., replacing the word “therapist” with “musician”). Whereas
the MiDAS scale utilizes an 11-point rating system, for ease of use for our
parents/carers we utilized a smaller rating scale of “Yes” (coded as 1),
“No” (coded as —1), or “Unsure” (coded as 0). This decision was made
due to the fact that each parent/carer would be using these rating scales
at three separate time points within the session. As per Fig. 1, an
aggregate was created for each of the subscales Interest, Involvement,
and Enjoyment for each music type, with higher values indicating higher
observed ratings of that subscale (e.g., higher perceptions of
enjoyment).

While reports from parents/carers were used to determine sensory
sensitivity, the baseline survey also contained the Complementary
Sensory Tool (CST) for Children with Autism (Barrios-Fernandez et al.,
2020) in an effort to measure the degree of sensory sensitivity present.
This scale has 41 items describing three factors commonly experienced
in ASD (modulation disorders; discrimination disorders; sensory-based
motor disorders) but only the modulation disorders factor was utilized
here (13 items). We deemed this subscale as the most relevant for
answering our research questions, whereas the remaining subscales
examined abilities such as perceiving danger (discrimination subscale)
or fastening buttons (motor subscale). We are not aware of any other
literature solely utilizing the CST modulation subscale, although Bar-
rios-Fernandez et al. (2020) reported high validity scores for this sub-
scale. The CST items were proxy rated by parents/carers, who rated each
item according to the frequency with which the symptom is experienced
by their child. While CST is typically rated on a 5-point scale, as with
MiDAS for ease of use for our parents/carers we utilized a smaller rating
scale of “Yes” (coded as 1), “No” (coded as —1), or “Unsure” (coded as 0).
An aggregate was created, with higher values equating to greater levels
of sensory sensitivity.

As noted in the Aims and Hypotheses section, to minimize any po-
tential bias from the subjective responses of proxy reports by parents/
carers, two types of objective measurement were also taken. Children’s
facial expressions were filmed with a Canon EOS 5D Mark IV camera, for
use in objective facial analyses (FaceReader), and a Santa Medical SM-
1100S finger pulse oximeter was used to measure arousal levels, with
increased values taken as being indicative of increased arousal levels,
and higher levels of arousal being an indicator of potential anxiety. The
FaceReader variables are outlined further in the section “Data analysis”.
The oximeter was specifically chosen because it was typically used to
examine arousal/anxiety levels at the clinic at which the recruitment
and experimental sessions occurred. Due to this familiarity with the
device, which is a small finger clip, it was rationalized as the least
intrusive method for providing an objective measure of arousal/anxiety.
Similarly, we rationalized that video recording methods would be the
least intrusive approach for gaining objective measurements of
engagement. Given that the children were seated, no impact was ex-
pected from movement on oximeter measurements.

Musical selections

Two solo piano pieces were used in each experimental condition
(Table 1). Pieces were selected with the intention of presenting audible
differences in the amount of internal repetition present within the music
(high repetition, low repetition). For example, Bach’s Prelude in C Major
contains continuous arpeggios and constant rhythmic patterns that are
highly predictable and repetitive. Similarly, the excerpt from Meta-
morphosis No.5 by Philip Glass is minimalist in style with harmonic,
rhythmic, and pitch elements containing minimal variation. Although
Western Art Music does not tend to contain ‘pure’ repetition, it is also
difficult to find ecologically valid music stimuli that contains no
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Time point 3

MASC Anxiety scale

Second set MiDAS Scale

Oximeter reading

Fig. 1. Measurement time points for Study 1 (Baseline, After first set, After second set). Note that these measurements all followed the prescreening survey, and that

facial expressions were filmed continuously from Baseline to the end of Study 1.

Table 1
Details of musical stimuli used in Study 1.

Selection  High repetition Low repetition
1 Bach, J. S. (1722). Prelude in C Major ~ Chopin, F. (1838). Mazurka
BWYV 846. Op.33 No.1.
2 Glass, P. (1989). Metamorphosis No.5. Debussy, C. (1915). Elégie
L.138.

repeated elements. Therefore, the choice of low repetition pieces was
based on a more narrative style in the music, such as the Chopin
Mazurka, which contains less predictable patterns (Levitin et al., 2012).
All four pieces were similar in performance duration (approximately two
minutes each). A two-minute excerpt of Metamorphosis No.5 (comprising
the middle section) was used to match the duration of the other pieces.
Excerpts of musical scores are provided in the Supplementary Material.
Additionally, each piece was examined with a spectrogram to help
determine the level of internal repetition that it contained (low or high).
Spectrogram images and additional details are provided in the Supple-
mentary Material.

Data analysis

Video recordings of facial expressions were analyzed using Noldus
FaceReader software. FaceReader software calculates activation of in-
dividual Activation Units (AUs) as well as aggregate scores that can
indicate overall affective states such as happiness or sadness, and data
relating to head orientation. The aggregate score for FaceReader Arousal
was taken as an additional indicator of anxiety in the current study (i.e.,
increased values indicated increased levels of arousal). FaceReader X-
Head Orientation was used as an indicator of engagement, since this
demonstrates a head turn to the left (in the direction of the piano) when
numbers decrease. After calibration for individual participants, average
scores for Arousal and X-Head Orientation were obtained for both a
neutral baseline period and during the two test conditions. For further
detail on assessment and scoring of FaceReader variables, see (Skiend-
ziel et al., 2019). Recordings of facial expressions were not obtained for
one child who did not sit long enough to capture the minimum duration
required for analysis. All data (participant proxy ratings, Oximeter
values, and FaceReader values) were successfully assessed for normality
prior to analysis.

Results
Anxiety, oximeter, and arousal

To test for order effects, an initial independent samples t-test was
performed with all aggregate MASC Anxiety scores as the dependent
variable, and with participants grouped according to the order that they
were presented the stimuli (high repetition first or low repetition first).
Results indicated (¢(38) = —1.25, p = .219) that the data had not been
influenced by an order effect. Data from both conditions were therefore
compared across the three Time points (baseline; high repetition; low

repetition) regardless of the order in which the experimental conditions
were presented. Descriptive statistics for MASC Anxiety ratings are re-
ported in Table 2.

To test Hypothesis 1, a repeated measures ANOVA was conducted
with MASC Anxiety as the dependent variable and Time (baseline, high
repetition, low repetition) as the independent variable. Significant re-
sults were obtained (F(2,38) = 11.10, p < .001, ;12 =.369), as plotted in
Fig. 2. Sid4k post hoc tests indicated significantly lower ratings of MASC
Anxiety for the high repetition category compared to baseline (p = .002,
d = 0.53), as well as significantly lower ratings of MASC Anxiety for the
low repetition category compared to baseline (p =.004, d = 0.57).
However, no significant differences were observed between the high
repetition and low repetition categories (p = .936, d = 0.07). Therefore,
H1 was not supported, but a significant reduction in MASC Anxiety
across both musical conditions was observed.

As a further test of H1, two separate repeated measures ANOVAs
were conducted with Oximeter Arousal scores and FaceReader Arousal
measures as the dependent variables and Time (baseline, high repeti-
tion, low repetition) as the independent variable. Across the three-time
points Oximeter Arousal scores ranged from 53 to 121, and were
measured at each time point as: baseline (M = 92.6; SD = 17.7; Median =
96.5); low repetition condition (M = 95.2; SD = 10.7; Median = 95);
high repetition condition (M = 95.4; SD = 12.3; Median = 97). Overall,
the FaceReader Arousal Measures ranged from — 0.16 to 0.81. No sig-
nificant differences between conditions were obtained for Oximeter
Arousal scores (F(1.46, 23.29) = 1.38, p = .266, 712 =.079) or FaceR-
eader Arousal measures (F(1.2, 15.56) = 2.57, p = .123, ;12 =.17); both
of these ANOVAs used Greenhouse-Geisser correction as the assumption
of sphericity was not met. Thus, results did not support the first hy-
pothesis, although a non-significant trend in the expected direction was
obtained with FaceReader Arousal levels being lowest in the high
repetition condition (M = 0.30, SD = 0.06, Median = 0.30), compared to
baseline (M = 0.42, SD = 0.24, Median = 0.46), and the low repetition
condition (M = 0.34, SD = 0.06, Median = 0.34).

Engagement

Descriptive statistics for the three MiDAS subscales are reported in
Table 3. MiDAS scores (H2) were examined with a paired samples t-test
on each MiDAS subscale, (Interest, Involvement, and Enjoyment), to
compare low repetition and high repetition conditions. Sequential
Holm-Bonferroni corrections (Holm, 1979) were applied, with reported
p values adjusted according to this correction. Results were non-

Table 2

Descriptive statistics of MASC anxiety scale within Study 1. Ratings ranged from
1 (“Strongly disagree™) to 7 (“Strongly agree™), and an aggregate of these values
was created at each time point. A higher value equates to increased perception of
anxiety by the parent/carer.

Anxiety M SD N
Baseline 59.7 23.1 20
High repetition 48.1 20.6 20

Low repetition 46.6 22.3 20
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Fig. 2. Anxiety scores at baseline and the two experimental conditions for Study 1. A higher value equates to increased perception of anxiety by the parent/carer.

Note: * p < .05; ** p < .01; *** p < .001.

Table 3

Descriptive statistics of MiDAS for Study 1. The rating scale consisted of 1
(“Yes™), 0 (“Unsure™), or — 1 (“No”). For each subscale an aggregate was created
from values of the relevant MiDAS questions. A higher value equates to the
parent/carer reporting more engagement in these subscale areas.

MiDAS subscale Stimulus type M N SD SE
Interest High repetition 0.7 20 1.9 0.4
Low repetition 0.1 20 2.0 0.4
Involvement High repetition -0.3 20 1.5 0.3
Low repetition -0.9 20 1.0 0.2
Enjoyment High repetition 0.5 20 2.3 0.5
Low repetition 0.8 20 1.9 0.4

significant (Interest: (t(19) = 1.82, p =.170, d = 0.36); Involvement (t
(19) =1.18, p=.126, d = 0.46); Enjoyment (t(19) = —.88, p = .390,
d = 0.14)), and so H2 was not supported.

To further test H2 a paired samples t-test was conducted with
FaceReader X-Head Orientation as the dependent variable and Condi-
tion (high repetition, low repetition) as the independent variable. Re-
sults showed significant differences by Condition (t(15) = —1.91,
p =.038, d = 0.41), with the high repetition condition returning lower
scores (indicating more head turns to the left, towards the piano) (M =
—8.22, SD = 7.74) than the low repetition condition (M = —4.92, SD =
8.73), in support of H2.

Sensory modulation difficulties (CST)

As a supplementary follow-up analysis unrelated to H1 and H2, we
examined whether the degree of sensory modulation difficulties (as
measured by CST) impacted changes to MASC Anxiety scores across
conditions. Aggregate CST scores ranged from — 9 to 6, M = 0.65, SD
= 4.4. To do this, CST scores were split at the Median (value of 1) into
Low and High categories; 12 participants were grouped into the low
category and 8 into the high category. The above repeated measures
ANOVA concerning MASC Anxiety (dependent variable) and Time (in-
dependent variable) was re-run, with the two CST categories added as a
between-subjects variable. Results indicated no significant interaction
for Time and CST category (F(2, 36) = 0.22, p = .804, 112 =.012).

Study 2

The results of Study 1 suggested that music as a whole (i.e.,
regardless of internal repetition level) had a calming effect on children
with sensory sensitivities, although no differences were observed be-
tween high and low repetition stimuli. FaceReader X-Head Orientation
scores suggested increased engagement for high repetition music,
although engagement comparisons based on MiDAS values were non-
significant. Additionally, FaceReader Arousal values produced a non-
significant trend in which the High repetition condition produced
lower values than both the Low repetition condition and baseline, as per
H2. The non-significant outcomes for MiDAS and CST may be attributed
(at least in part) to methodological issues such as the relatively small
sample size used here, and our decision to utilize a 3-point rating scale
for both scales (Yes; Unsure; No). That is, despite providing ease of use
for the parents/carers in Study 1, these reduced rating scales may not
have allowed sufficient variance in responses for significant findings to
emerge. Therefore, in Study 2 we examined similar hypotheses although
with methodological changes such as an 11-point rating scale for
MiDAS, a 5-point rating scale for CST, and utilization of a group per-
formance setting to reflect the conditions of a realistic live concert. Due
to the group setting, FaceReader and oximeter analyses were not
possible in Study 2.

Method
Participants

Study 2 utilized the same recruitment strategy, targeting children
who had sensory sensitivities with or without a broader diagnosis of ASD
and/or ADHD. Participants consisted of 20 children (6 female and 14
male) aged 6-14 years (M = 9.4, SD = 2.4), and their parents/carers.
There were 11 children with a diagnosis of ASD, 9 children with ADHD,
one with Sensory Processing Disorder, one with anxiety, and 9 children
with undiagnosed sensory sensitivities (although with these sensory
sensitivities indicated by their parent/carer). Some children (40 %) had
more than one diagnosis. The concert coincided with an increase of
reported COVID-19 cases in the community, leading to smaller atten-
dance than was anticipated. Due to this, an online component was added
to enable additional participants to participate in the study virtually.
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Four participants completed the online version of Study 2. Independent
samples Mann-Whitney U-tests were performed to see whether signifi-
cant differences existed between people who participated in-person and
online. The tests examined MASC Anxiety scores at baseline, and after
both test conditions, and examined ratings of the Interest, Involvement,
and Enjoyment subscales from the MiDAS during the two test condi-
tions. No significant differences were found at p < .05, and therefore
data from the two groups were combined and analyzed as a single
dataset.

Procedure

Participants were recruited via online social media advertisements
and a mailing list of professional networks of the lead author. An online
prescreening survey collected demographic and CST data, after which
consent forms were emailed to eligible participants. Upon arrival to the
performance venue, parents/carers were given a sheet with a unique
participant identifier number and a QR code linked to an online Qualtrics
survey containing all study measures. Parents/carers completed baseline
measures on their personal devices after arrival but prior to the per-
formance, although one person used a paper version and their responses
were subsequently digitized by the research team.

Study 2 was intended to evoke a more ecologically realistic concert
setting. The live performance was conducted in a spacious seminar room
on a university campus in Australia, allowing social distancing and
sufficient room for participants to sit, lie down, or move around while
listening. The study was held on a Sunday, being a day with minimal
public building access and traffic. Most participants arrived earlier and
had a chance to acclimatize to the space and to each other. Siblings were
allowed to attend along with participants. The performance space pro-
vided sensory-friendly seating options (crashmats, textured rugs,
weighted toys) and had a wall-to-wall glass window allowing natural
light and visual respite. Most children sat separately to their parents,
with only two children sitting in chairs next to their parents. The par-
ents/carers were instructed to sit where they could clearly observe their
child. An image of the room setup is provided within the Supplementary
Material.

A professional solo cellist performed the works to further reduce
possible confounding effects of the musical elements; the cello was
chosen given that it usually plays a single melodic line, as opposed to the
broader melodic and harmonic possibilities on the piano. The high
repetition musical piece was performed first, followed by the low
repetition musical piece. As this was a single music performance
attended by all participants in Study 2, it was not possible to counter-
balance the stimuli across the participants in this study. A short break
after each musical piece allowed parents to record observations of their
child’s response to the music. Following these two pieces, the rest of the
concert consisted of popular, uplifting music played by a professional
piano and cello duo for which no outcome measures were taken. The
total duration of the concert was approximately twenty minutes. Chil-
dren were offered a small sensory gift for participating.

The live concert was also filmed with a camera focusing on the
performer, for use in the virtual version of study. The online component
was run approximately three months later. Participants viewed the
recording of the live performance via a YouTube link embedded in an
online Qualtrics questionnaire which also contained the same baseline
and outcome measures.

Measures and materials

As with Study 1, parents/carers initially completed the demographic
and CST prescreening questionnaire, and on the testing date completed
proxy ratings of Anxiety using MASC (March et al., 1997) and behavioral
observation ratings using MiDAS (McDermott et al., 2015). MiDAS rat-
ings for the same three subscales as Study 1 were provided on an
11-point scale ranging from 0 (“None at all”’) to 10 (“Highest”), whereas
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CST ratings were provided on a 5-point scale ranging from 1 (“Never”) to
5 (“Always”). An aggregate for MASC and for each of the three MiDAS
subscales was created for each time point. The session was filmed on a
Canon EOS 5D Mark IV camera, statically placed and primarily capturing
the musician performing. All data were successfully assessed for
normality prior to analysis.

Musical stimuli

One piece per condition was selected to reduce variability of re-
sponses between the pieces within each condition (Table 4). Bach’s
Prelude from Cello Suite No.1 was selected as the high repetition piece,
due to the circular repetitive semiquaver pattern. Paul Stanhope’s Dawn
Lament was chosen for the low repetition piece, in that it contains an
improvisatory narrative style and was deemed by the research team as
less predictable. Each piece was performed on solo cello, with perfor-
mance durations of three to four minutes per piece. As with Study 1, the
Supplementary Material contains excerpts of music scores as well as
spectrogram images that were used to help confirm the level of repeti-
tion contained in the pieces.

Results
Anxiety

To test H1, a repeated measures ANOVA was conducted with MASC
Anxiety scores as measured by the MASC as the dependent variable and
Time (baseline, high repetition, and low repetition) as the independent
variable (Table 5 and Fig. 3). Statistically significant differences be-
tween Time points were detected (F(1.27, 24.09) = 17.30, p < .001, n2
= .477), using Greenhouse-Geisser correction as the assumption of
sphericity was not met. Sidék post hoc tests indicated significantly lower
ratings of MASC Anxiety for the high repetition category compared to
baseline (p < .001, d = 1.23), as well as significantly lower ratings of
MASC Anxiety for the low repetition category compared to baseline
(p =.003, d = 1.05). As with Study 1, no significant differences were
observed between the high repetition and low repetition categories
(p =.367, d = 0.26). H1 was not supported, but as with Study 1 a sig-
nificant reduction in MASC Anxiety scores across both musical condi-
tions was observed.

Engagement

To test H2, three paired-sample t-tests were performed to examine
any differences in Interest, Involvement, and Enjoyment subscale scores
between the high repetition and low repetition conditions (Table 6). Due
to multiple comparisons, the t-tests were subjected to sequential Holm-
Bonferroni correction (Holm, 1979); adjusted p values are reported. All
three t-tests were significant, and indicated higher MiDAS values for the
High repetition condition: (Interest: (t(19) = 3.17, p = .01, d = 0.92);
Involvement: (t(19) = 2.48, p =.022, d = 0.59); Enjoyment: (t(19) =
4.80, p = .003, d = 0.93)). These results therefore support H2.

Sensory modulation difficulties (CST)

Aggregate CST scores ranged from 16 to 52, M = 33.7 and SD = 10.0.
To test whether the degree of sensory modulation difficulties in

Table 4
Musical pieces used in Study 2. Both pieces were performed on solo cello, with
one piece selected to represent each condition (High and Low repetition).

Repetition Piece

High Bach, J. S. (ca. 1720). Prelude from Cello Suite No.1
in G major, BWV 1007.

Low Stanhope, P. (1999). Dawn Lament.
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Table 5

Descriptive statistics of anxiety within Study 2. Ratings ranged from 1 (“Strongly
disagree”) to 5 (“Strongly agree”), and an aggregate of these values was created
at each time point. A higher value equates to increased perception of anxiety by
the parent/carer.

Anxiety M SD N

Baseline 41.1 14.7 20
High repetition 26.7 7.4 20
Low repetition 28.7 7.9 20

participants influenced the effect of music listening, CST scores were
split at the median (value of 33.5) into low and high sensory modulation
difficulty groups, with 10 participants in either group. The above
repeated measures ANOVA concerning MASC Anxiety scores (dependent
variable) and Time (independent variable) was run again with CST
groups added as a between-subjects effect. Greenhouse-Geisser correc-
tion was used as the assumption of sphericity was not met. Results
indicated no significant interaction between Time and CST group (F
(1.31, 23.55) =3.11, p =.081, 172 =.147). The main effect of Time
remained significant (F(1.3, 23.55) = 19.22, p < .001, ;12 = 0.52).

Discussion

This paper reported findings from two empirical studies aiming to
examine whether music with high levels of repetition had a calming
effect and would be more engaging for children with sensory sensitiv-
ities, in comparison to music with low levels of repetition. Despite the
literature providing general insights and rationale, this was a largely
exploratory approach due to the lack of similar prior empirical work in
this area. Our choice of methodology accounted for understanding of the
atypical behaviors and responses that are trademarks of people with
ASD. To minimize potential bias associated with proxy ratings, in Study
1 we used objective measurements from the finger oximeter and
FaceReader to complement the subjective observational measurements
of MiDAS and MASC from the parents/carers.

The overall results from both studies did not support H1. Rather, a
significant reduction in MASC Anxiety scores across both musical con-
ditions was observed, with no significant differences emerging between

*k*
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high and low repetition music. It is possible that greater variation in
internal repetition may have led to observable differences, and so
further study is recommended. Regarding H2, this was supported by
FaceReader Head Orientation results in Study 1, as well as behavioral
indicators from MiDAS (Study 2). Yet the MiDAS behavioral indicators
in Study 1 did not reach significance. Overall, we conclude that both
music types had a calming effect on our participants, and that high
repetition music led to increased interest and engagement. With this in
mind, it is clear that more work is required to understand the com-
plexities at hand, and to examine the reproducibility of these findings.

There were numerous experimental design choices and variables of
interest available to us to investigate the impact of music repetition. We
chose a generally reductionist approach, in which we aimed not to
control every variable available to us. The reasoning behind this is due
to the primary overarching aim of this work: to introduce children with
sensory sensitivities to live classical music performances by professional
musicians. By limiting the number of variables that were captured we
were able to keep the atmosphere of the performances (particularly in
Study 2) closer to that of a concert than a laboratory experiment. This
was critical to enabling responses that were ecologically valid. The
limitation to this approach, however, was that a number of additional
variables that may have been considered were not captured. For
example, individual perceptions of musical structure and components of
the stimuli such as perceptions of complexity were not rated, and the
degree of sensory sensitivity between participants could have been

Table 6

Descriptive statistics of MiDAS for Study 2. The rating scale ranged from
0 (“None at all”) to 10 (“Highest™). For each subscale an aggregate was created
from the values of the relevant MiDAS questions. A higher value equates to the
parent/carer reporting more engagement in these subscale areas.

50

MiDAS subscale Stimulus type M SD SE
Interest High repetition 18.0 6.4 1.4
Low repetition 12.2 6.2 1.4
Involvement High repetition 8.5 5.8 1.3
Low repetition 5.2 5.5 1.2
Enjoyment High repetition 15.5 6.3 1.4
Low repetition 8.9 7.7 1.7
**

45

40

Anxiety

35

30

25

———— |

Baseline

High repetition

Low repetition

Time

Error bars: +/- 1 SE

Fig. 3. Anxiety at baseline and for the two experimental conditions within Study 2. A higher value equates to increased perception of anxiety by the parent/carer.

Note: * p < .05; ** p <.01; *** p < .001.
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measured to greater detail. In a realistic scenario of a live concert, it is
challenging to cater for individual needs, and to know exact details for
audience members (such as severity levels and music perceptions or
preferences) ahead of time. We therefore believe that in these early
stages of empirical examination for this specific area, a somewhat
reductionist approach (as used here) is the most appropriate. Our aim is
to systematically expand the breadth of these examinations as more
concrete and reproducible findings emerge through subsequent studies.

Overall, a number of factors may have influenced the observed re-
sults. Firstly, the small sample size of twenty participants in each study
may have influenced the non-significance of some outcomes. In addi-
tion, Study 1 used two pieces in each condition. While these pieces were
chosen with the intention of producing similar responses in participants,
this cannot be guaranteed. In some cases, the parents indicated that
responses to the two pieces within the same condition were varied,
meaning that the child enjoyed one piece more than the other despite
the pieces belonging to the same experimental condition. We also
acknowledge that some pieces may have been more familiar to the
participants—most notably the Prelude in G Major by Bach—which could
have played a role in their preferences (Chmiel & Schubert, 2017),
although familiarity ratings were not captured. To better control for
differences such as individual preferences between pieces, a single piece
was used per condition for Study 2, although counterbalancing of the
order of the pieces was not possible as the experiment was conducted as
a single performance.

It is also worth noting that in each study the MASC and MiDAS scales
were presented to parents/carers three times in relatively quick suc-
cession (once prior to music being played, and once immediately
following each musical condition, i.e., three times within approximately
30 minutes). As behavioral observation measures, these scales are
intended to pick up changes in behavior, including over relatively short
periods of time. However, in our review of the literature we were not
able to identify other studies utilizing repeated measures of MASC or
MiDAS in as quick succession as was used here. Future research in this
area could consider more longitudinal approaches with measuring
behavior. As noted above, there is also room for future work in this area
to encompass a broader, more diverse population, such as including
people from non-English speaking backgrounds, and using a broader age
range.

Another factor to consider is the choice of music, and the difficulty in
disentangling a single variable from music containing many factors. A
primary purpose of this project was to introduce live classical music to
families with sensory sensitivities, stemming from first-hand experi-
ences by the lead author. Examples of Western classical music was
therefore chosen to simulate realistic listening experiences, yet the
compositional format of this music does not easily allow focus on a
single element. Due to this, these findings may contain confounding of
various factors such as pitch, tempo, mode, dynamics, and forms. One
avenue for further study would be to focus on stimuli containing only a
single musical component, such as using excerpts strictly containing
varied drumming patterns, to examine the isolated component of
rhythm. Yet conversely the stimuli used in such an approach may have
limited ecological relevance to the music families would typically
encounter in public performance spaces in everyday life. Regarding
FaceReader measurements, we also acknowledge that conclusions for
neurodivergent people based on X-Head Orientation should be
approached with caution. Neurodivergent individuals may find con-
centration easier when not directly facing the source of auditory input,
or may simply have a preference for indirect orientation, and so this
finding from Study 1 is not necessarily indicative of increased engage-
ment for all participants.

In terms of recruitment, it was difficult to recruit children based on
sensory sensitivities as a standalone condition, given the time constraint
and uncertainty in group gatherings during the COVID-19 lockdown
periods. As sensory sensitivities can co-occur across various conditions
the decision was made to cast the net wide to include sensory sensitive
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children with various conditions. Future studies could focus on a single
diagnosis at a time, although this approach is complicated by the fact
that there are usually comorbidities present, thereby potentially
reducing the available sample even further for this approach. Such
studies could also consider measuring and analyzing the sensory severity
levels of individual participants, as well as measuring levels of stimming
behaviors prior to, during, and after performances to investigate po-
tential relationships, such as if manipulations of musical repetition or
complexity led to visible changes.

The overall calming effect of live music, regardless of the use of high
or low repetition, is a notable find. This calming effect could be due to
the general structured nature of classical music—with repetition being
the building block of musical structure (Wilson, 1989) —which aligns
with the trait of systemizing and the preference for predictability being
strongly prevalent in ASD. Therefore, a part of the calming effect could
be attributed to the cognitive processing of patterns within a structure.
Yet future work should not limit itself to classical music. Comparisons of
music styles and conventions may prove fruitful, as may the inclusion of
individualized music.

Methodological choices—particularly the reduction of MASC and
MiDAS rating scale sizes in Study 1—undoubtedly had an impact on the
outcomes of this work. The correction of this in Study 2 appears to have
delivered more robust findings, and so our recommendation is for these
scales to be retained, despite the ease of use for respondents afforded by
the smaller scales. Additionally, while the realistic concert setting of
Study 2 added to the ecological validity of this experiment, it is possible
that the sensory-friendly environmental adjustments (such as cushions,
toys, and the like) could have played a role in influencing the outcome
compared to the one-on-one clinical setting (Study 1). Every effort was
made to present the performance space in Study 2 as an inviting atmo-
sphere, although we acknowledge that a seminar room is not a typical
concert space. This may lead to broader discussion on whether moving
away from traditional concert hall settings might lend well to sensory-
friendly concerts on a large scale. Despite the non-traditional concert
space, the children were exposed to a quality musical experience. The
performances of both studies were of professional concert standard, the
musicians used are industry recognized and currently active, and the
pieces were written by reputable composers. Indeed, different choices
regarding musical repertoire, instrumentation, the duration of the
pieces, further physical modifications to the concert environment, or
performances at different times of the day (morning; day; evening) may
deliver different statistical outcomes.

A note of interest was that some children in Study 2 were observed
imitating the movements of the cellist during the high repetition piece,
and for one child, imitating these cellist movements in both the high and
low repetition pieces. Several factors could have contributed to this
response. Firstly, playing the cello is more visibly physical compared to
the digital piano (which requires smaller movements from the performer
to produce a sound, sitting at a static instrument). In contrast the cello
requires larger movements, and the sound vibrations created by the cello
may have been more tangibly (physically) experienced. In addition, a
cellist usually faces the audience whereas a pianist usually sits with their
profile to the audience, although in Study 1 the pianist was facing the
profile of the child, and the child was facing the camera. These factors
could have played a role in the cello being both visually and aurally
stimulating.

This project focused on making quality concert experiences per-
formed by professional musicians accessible to children with sensory
sensitivities and their families. The project stems from this core idea:
how to make live concerts comfortable and accessible for families with
sensory sensitivities, without compromising the quality of the musical
content. This work is aimed to form a basis for future research, through
which we can better understand how to optimize sensory-friendly
approaches.
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Conclusion

The key finding of this research shows significant calming effects
when listening to live music. This reiterates the benefits of music, and
that live music can be used as a calming activity for children with sen-
sory sensitivities, even when in non-familiar environments. Moreover,
music with higher repetition seemed to induce higher levels of
engagement (interest, involvement, and enjoyment) from the children,
compared to music with low repetition.

Concert organizations are beginning to show interest in looking for
inclusive ways to widen their audience participation. In addition to the
existing efforts being made, such as modifying the physical environ-
ments, allowing freedom of movement and retreat, it is now time to
focus on the quality of the musical content. Areas must be prioritized,
such as the choice of music, the reasons behind these choices, and the
evidence of these choices contributing to the positive outcome of sen-
sory friendly concerts. Overall, this work sheds light on an under-
researched area and aims to provide a reference point and pathway
for further works to explore how live music can benefit children with
sensory sensitivities, as well as their families. Given the relatively small
sample size used, and other limitations including the unprecedented
challenges of the COVID-19 pandemic at the time of research, this work
can be considered preliminary. Yet the findings indicate a need for
further investigation on a larger scale. This study advocates for
normalizing neurodiverse-friendly approaches in professional concerts.
We hope this exploratory study can create dialogues between arts or-
ganizations, creative artists, and both educational and allied health
sectors in strengthening the development of programming for inclusive
concerts.
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