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Abstract

Multi-Sensory Environments (also called sensory or Snoezelen® rooms) are specialised spaces that contain equipment
to modify the environment. They are commonly used in special-needs schools with autistic children, but empirical
investigation into how to best use Multi-Sensory Environments with autistic children has been limited. Based on
converging evidence that autistic children may benefit from having control, we tested 4| autistic children (8 female)
aged 4—12years (mean =8years, standard deviation =2.05years) who used the Multi-Sensory Environment both with and
without control over the sensory changes. Behavioural coding of video data showed that having control was associated
with increased attention and reduced repetitive motor behaviours, sensory behaviours, activity levels, stereotyped speech
and vocalisations. Social behaviour, anxiety, positive affect and arousal were not significantly affected by condition. Our
findings demonstrate that how a Multi-Sensory Environment is used can affect autistic children’s behaviours. They also
suggest that providing control of sensory changes to autistic children may help create better conditions for learning.

Lay abstract

Multi-Sensory Environments (also called sensory or Snoezelen® rooms) are rooms that contain equipment which can
create light, sound and touch experiences. Multi-Sensory Environments are often used with autistic children, particularly
in schools, but there is no evidence for how best to use them. We investigated whether having control over the
sensory equipment in the Multi-Sensory Environment affected how a group of 41 (8 female) autistic children aged 4—
|2 years behaved. We found that when autistic children could control the sensory equipment, they paid more attention
and performed fewer repetitive and sensory behaviours. They also used less stereotyped speech, produced fewer
vocalisations and showed lower levels of activity. Other behaviours were not affected. Our findings demonstrate that
how a Multi-Sensory Environment is used can impact behaviour and that providing control of sensory changes to autistic
children may help create better conditions for learning.
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need for further evidence-based research to support their
use (Botts et al., 2008; Cameron et al., 2019; Lotan &
Gold, 2009). Previous work has demonstrated that the way
MSE:s are used can affect outcomes (Fava & Strauss, 2010;
Glenn et al., 1996; Hill et al., 2012). For example, Fava

Introduction

Multi-Sensory Environments (MSEs; also known as a sen-
sory or Snoezelen® rooms) are specialised spaces that con-
tain equipment to modify the sensory environment across
the modalities. They are used internationally (e.g. Bozic,
1997; J. Chan & Chien, 2017; Cuvo et al., 2001) and are
common in special-needs schools. Their widespread use
with autistic children is likely to relate to the differences in
sensory processing experienced by autistic people, which
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comprise part of the core autism symptomatology
(American Psychiatric Association, APA, 2013). Although
MSE:s are widely used with autistic pupils, there is a clear
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and Strauss (2010) reported a reduction in stereotyped
behaviours in their autistic and intellectual disabled (ID)
adult participants when the MSE session was unstructured
compared to when it was structured. Furthermore, Hill
et al. (2012) reported greater engagement in the MSE
when their ID participants were provided with high levels
of caregiver attention compared to low levels. There is also
evidence from a small-scale, descriptive study (n=06)
reporting that autistic children may show improvement in
aspects of sensory functioning after using an MSE (Mey
et al., 2015). However, no study to date has specifically
investigated how to use the MSE to facilitate benefits for
autistic children.

Educational practitioners have reported that being in an
MSE can facilitate behavioural change for autistic children
and this behaviour change can lead to improved opportuni-
ties for learning (Unwin et al., 2021). Particularly, practi-
tioners believed that the child being able to have control of
the sensory environment was a mechanism through which
behaviour change occurred. Preference for environmental
predictability by autistic people is reported in both qualita-
tive (Ashburner et al., 2013; Robertson & Simmons, 2015)
and questionnaire (Fujino et al., 2019) studies. Differences
in the ability to predict environmental stimuli are also cen-
tral to many recent frameworks put forward to understand
autistic characteristics, such as Bayes and predictive coding
(e.g. Palmer et al., 2017; Pellicano & Burr, 2012; Powell
et al., 2016; Van De Cruys et al., 2014). Broadly, these the-
ories suggest that autistic individuals may be relatively
more driven by bottom-up sensory information than top-
down predictions based on prior experience. This means
that the world is more surprising and less predictable,
which could lead to increased cognitive load and feelings
of ‘sensory overload’. Restrictive repetitive behaviours
(RRBs), a core characteristic of autism, are potentially a
way of increasing the predictability of sensory stimulation.
Furthermore, cognitive accounts emphasise a greater intol-
erance of uncertainty in autistic people (Boulter et al.,
2014), which is heightened by sensory sensitivities (Boulter
et al., 2014; Wigham et al., 2015). Increasing control over
the sensory environment within the MSE could therefore
relieve both the perceptual discomfort and psychological
distress from uncertainty, thereby supporting behaviour
change and creating better conditions for learning or receiv-
ing therapeutic intervention.

Interventions to control sensory stimulation in every-
day environments have shown benefits for autistic chil-
dren and adults, including the use of headphones (e.g.
Ikuta et al., 2016; Pfeiffer et al., 2019; Rowe et al., 2011)
and modification in lighting (e.g. Kinnealey et al., 2012).
Across the studies, these adaptations led to a range of
improvements in attention (Kinnealey et al., 2012; Pfeiffer
et al.,, 2019; Rowe et al., 2011), meeting individualised
goals (Ikuta et al., 2016), mood and classroom perfor-
mance (Kinnealey et al., 2012), and reductions in anxiety

and challenging behaviours (Pfeiffer et al., 2019).
Kinnealey et al. (2012) also report some improvement in
social interaction, although only after several weeks of
intervention. These findings are consistent with teacher
reports that increasing autistic children’s control over the
classroom environment helps them control unwanted sen-
sory experiences, and that it is the uncontrollable and
unpredictable nature of sensory stimuli that causes the
most difficulty for their learning (Jones et al., 2020).

Control of the MSE also affords the child an opportu-
nity to better satisfy their sensory needs (e.g. Baillon et al.,
2002). The sensory profiles and needs of autistic individu-
als are marked by heterogeneity (e.g. Leeckam, Nieto, et al.,
2007) and can affect anxiety (Boulter et al., 2014), RRBs
(Boyd et al., 2010) and social behaviour (Hilton et al.,
2007). Therefore, in having control of the MSE the autistic
child could benefit from a tailored and more pleasant sen-
sory environment, which in turn may have a positive effect
on their ability to cope with uncertainty (Wigham et al.,
2015).

In summary, MSEs are widely used with autistic chil-
dren in the absence of empirical data that could guide their
use. However, reports from practitioners (Unwin et al.,
2021) suggest that optimal use of the MSE may come from
providing autistic children with control over sensory
changes. In the first study of its kind, we examined the
effect of having control of the MSE on the behaviours,
cognition and arousal levels of 41 autistic children aged
4-12 years. In the Active-Change condition, participants
had control over the MSE equipment, and in the Passive-
Change condition, the MSE equipment changed automati-
cally without their input. We used observational coding
methods to record behaviours previously identified by
practitioners as outcomes of MSE use for autistic children
(Unwin et al., 2021). These included social communica-
tion (including, speech, rapport, social behaviours, ges-
tures and mimicry), repetitive motor behaviours (RMBs),
sensory behaviours, anxiety, positive affect and attention.
In addition, we measured activity level and heart rate vari-
ability (HRV), which provided an objective measure of
arousal. It was hypothesised that having control of the
MSE equipment would have a positive effect on behaviour
and arousal compared to not having control.

Method

Participants

The final sample included 41 autistic children (8 female)
aged 4—12years (mean (M)=_8years, standard deviation
(SD)=2.05years). Originally, 44 took part but three were
fully excluded from all analyses due to data loss from tech-
nical reasons (i.e. missing observational video for one con-
dition) or not being able to access the study because of not
coping with the 3-h testing period. Recruitment was
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Table I. Cognitive ability data (n=35) from the Wechsler
Abbreviated Scale of Intelligence and Wechsler Preschool and
Primary Scale of Intelligence assessments.

n Range M SD
Verbal intelligence 19 59-126 94.32 19.74
quotient (VIQ)
Non-verbal intelligence 35 46—142 90.43 24.23
quotient (NVIQ)
Full-scale intelligence 19 69-128 96.95 15.75

quotient (FSIQ)

SD: standard deviation.

through the Wales Autism Research Centre’s Facebook
page and recruitment register. For inclusion, the child had
to be aged 4-11years (one participant turned 12 before
testing), with a clinical diagnosis of autism, no diagnosis
of another developmental disorder, and no significant
hearing, visual or mobility differences. Finally, they
needed to be able to work one-to-one with a previously
unknown adult in the MSE.

Autism diagnosis was confirmed through laboratory
administered Autism Diagnostic Observation Schedule
(ADOS-2, Lord et al., 2012) assessments, with 40 partici-
pants having scores commensurate with their diagnosis
(M=7.8, SD=1.45). The ADOS-2 video was missing for
one participant, meaning scoring could not be completed.
The child with the missing ADOS video scored 24 on the
parent-completed Social Communication Questionnaire
(SCQ; Berument et al., 1999), which is above the autism
cut-off score (of >15; Rutter et al., 2003). Therefore, they
were retained in the sample. The mean score on the SCQ
for all 41 children was M=24.8 (SD=6.48).

The Wechsler Abbreviated Scale of Intelligence
(WASI-II; Wechsler, 2011) was used to measure cognitive
ability in verbally fluent participants aged 6 and over
(n=19). Those over 6years old but not verbal (n=8)
received the two non-verbal intelligence quotient (NVIQ)
sub-scales of the WASI-II. The Wechsler Preschool and
Primary Scale of Intelligence (WPPSI-IV; Wechsler, 2012)
was administered to those under the age of 6 (n=28). Where
participant fatigue or difficulty engaging prevented admin-
istration on the day of testing, a follow-up session was
arranged at the participant’s school (n=11). However, six
participants were not able to access cognitive ability
assessments on either occasion, resulting in cognitive abil-
ity data for 35 participants (WASI-II both full-scale intel-
ligence quotient (FSIQ) and NVIQ=27; WPPSI-IV=8§,
Table 1).

All parents provided written informed consent. Ethnic
and socioeconomic data were not recorded for these par-
ticipants. The experimental manipulation (i.e. provision of
control) and the outcomes measured were developed fol-
lowing research interviews and surveys with practitioners
working with autistic children in MSEs (Unwin et al.,

2021). However, the autistic community was not directly
consulted in the development of the study. Ethical approval
for this study was granted by the School of Psychology
Ethics Committee, Cardiff University.

Materials and procedure

Participants used the MSE with an experimenter in two
different conditions, an Active-Change condition and a
Passive-Change condition. The procedure of each testing
session is outlined in Figure 1 and the MSE used in the
study is shown in Figure 2. Detailed descriptions of the
MSE equipment used in the study, and how they were used
in each condition, can be found in Table 2.

Each participant spent 3 min with each of the five pieces
of equipment in both MSE conditions, totalling 15 min per
condition. The order of equipment use was determined
using a Latin square, with the same equipment order used
across both conditions by each participant. The order of
the MSE conditions was counterbalanced across partici-
pants. In both conditions, each piece of equipment was
only activated during the allocated 3-min visit, and the
iPad was only available during the Active-Change condi-
tion. Both sessions were recorded using three wall-
mounted cameras, which captured the whole of the
12.44m? space. Two cameras were placed in top-corners,
angled down to the opposite side of the room, and one
camera was placed in the top-centre of a wall opposite the
other cameras, facing down across the space.

Due to a technical fault, the mirror ball was not availa-
ble in one condition for five participants. For these partici-
pants, the mirror ball was excluded from analyses in both
conditions and the overall means were adjusted
accordingly.

The session started with an arousal and activity base-
line, which is described below, and ended with a 5-min
free play session that did not form part of this study. In the
Active-Change condition, the participants changed sen-
sory aspects of the equipment themselves using an iPad, or
by directly pressing the equipment when at the touch,
sound and light board (TSLB). Activation of the equip-
ment using the iPad was achieved with S4 software (Mike
Ayres Design, 2012). In the Passive-Change condition,
each respective piece of equipment, apart from the mirror
ball, changed colour every 3s without the participant’s
input. The mirror ball was activated and rotated through-
out the 3 min (see Table 2).

To control for experimenter speech across conditions,
standard instructions were devised. In the Active-Change
condition, the relevant piece of equipment was activated
and the 1Pad was handed to the child with the instruction,
‘You can play’. At the TSLB, the experimenter used the
same instructions while gesturing towards the board. If
the child did not press a button, one press was demon-
strated by the experimenter with the instruction, ‘Look,
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Figure |. Procedure of each testing session. The Multi-Sensory Environment (MSE) conditions, Active-Change condition and
Passive-Change condition, were counterbalanced, as were the Autism Diagnostic Observation Schedule (ADOS-2) and cognitive

ability assessments (e.g. Wechsler Abbreviated Scale of Intelligence).

Figure 2. Image of the Multi-Sensory Environment used in this study containing, (a) touch, sound and light board, (b) bubble tube,
(c) pin spot for adjacent mirror ball (not in frame), (d) coloured LED room lights and (e) fibre optics.
The projected wall stars and textured floor dots were not included for the MSE sessions in this study (photo courtesy of Mike Ayres).

like this’. Most participants used the iPad or TSLB after
the first instruction. In the Passive-Change condition, the
instruction, “You can play’ was provided without the iPad
or gesture. If the participant moved away from the equip-
ment during the 3 min in either condition, specific phrases
were used to orient them back: ‘Not finished yet’, ‘Play
over here’ and ‘You can play’. In addition, four utter-
ances were said during each equipment use, which pro-
vided explicit opportunities for the participant to engage
with the experimenter. Two of the four utterances were

factual statements about the piece of equipment (e.g.
‘Look, that red is bright’), while the other two were
imaginative (e.g. at the fibre optics, ‘Look, it’s like wig-
gly worms’). One of each type of statement was com-
bined with an action to provide an opportunity for
mimicry (e.g. ‘Look, it’s like a jelly fish’, accompanied
by waving the fibre optic cables like tentacles). Apart
from these utterances and the instructions, the experi-
menter only spoke if the participant asked a question and
responses were kept to a minimum.
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Table 2. Equipment within the Multi-Sensory Environment (MSE) used in the study and how it can be engaged with in each

condition.

Item and description

Active-Change condition

Passive-Change condition

(2) Coloured LED room lights: lights
positioned on the ceiling that change the
colour of the room

(b) Bubble tube: water-filled tube

with bubbles that travel up the tube
continuously

(c) Fibre optics: fibre optic cabling that
lights up

(d) Touch, sound and light board: board
with eight buttons; when touched they
produce a coloured light and a sound

(e) Mirror ball: pin-spot light shines on
a spinning mirror ball, projecting small
moving lights onto the walls

One of the eight colours can be
selected, changing the colour as often
as they choose

One of the eight colours can be
selected, changing the colour as often
as they choose

One of the eight colours can be
selected, changing the colour as often
as they choose

Eight buttons can be pressed on the
equipment lighting up one of the eight
colours and playing a piano note.
Buttons can be pressed concurrently
Activate and de-activate the spotlight
that shines onto the continually
rotating mirror ball

One of the eight alternating
colours is presented every 3s

One of the eight alternating
colours is presented every 3s

One of the eight alternating
colours is presented every 3s

Eight buttons, each of a different
colour, are lit. Each colour changes
position on the board every 3s.
No piano notes are played

The spotlight remains active
throughout

To measure participant HRV and activity, a chest moni-
tor (Actiwave Cardio, CamNTech, 2018b) was worn.
Before the MSE sessions, a baseline measure of arousal
was taken where the participant played independently with
arange of age-appropriate toys for Smin in a standard test-
ing room, these included a marble run game, building
bricks, toy cars and a puzzle. None of the toys had explicit
sensory qualities (e.g. lights). The experimenter did not
engage with the participant during this session unless the
participant asked a question. The parent was not present
during any of the MSE or baseline sessions.

Outcome measures. In our previous qualitative study, prac-
titioners reported the behavioural and cognitive changes
that they regularly observed in autistic children when they
were using an MSE (Unwin et al., 2021). We used this data
to develop the outcomes for this study, which included
core autistic features: RMBs, sensory behaviour, and
social interaction and communication (including social
behaviour, gestures, mimicry, speech and rapport) and
other behaviours: attention, anxiety and positive affect.
The coding scheme was devised using best practice
guidelines (Boateng et al., 2018), beginning with domain
identification and item generation through deductive
methods (see Table 1 in Boateng et al., 2018). Following
this, items were evaluated by the research team and an
expert in behavioural coding external to the team, and
were deemed relevant and representative of the variables.
The scheme was then used to code trial videos to assess its
utility. During this phase, inductive item development was
used to refine definitions based on observed behaviours.
Test—retest reliability could not be assessed as it was not
feasible to ask participants to come into the centre more
than once. However, the coding scheme had close adher-
ence with previously validated measures (discussed

below), with our primary intention to adapt them to be fit
for purpose for our experiment. The coding scheme is
available upon request.

Variables were generally measured using frequency
(number of discrete events) and/or duration (length of
event, in seconds), as appropriate. Behaviours were coded
for each piece of equipment (Table 3), unless otherwise
specified, and summed across equipment to create an over-
all score.

RMBs. This measure included items adapted from
previous MSE studies (J. Chan & Chien, 2017; S. Chan
et al., 2005; Shapiro et al., 1997) and RRB questionnaires
(Repetitive Behaviour Scale—Revised, RBS-R, Bodfish
et al., 2000; Repetitive Behaviour Questionnaire-2, RBQ-
2, Leekam, Tandos, et al., 2007). The final RMB measure
included three behavioural categories: repetitive whole-
body movements, repetitive hand/finger/foot movements
and repetitive locomotive movements, which were com-
bined to create a total score. Frequency and duration were
measured.

Sensory behaviours. This measure drew upon vali-
dated sensory observation measures (Sensory Processing
Assessment, SPA, Baranek, 1999b; Sensory Assessment
for Neurodevelopmental Disorders, SAND, Siper et al.,
2017), the ADOS-2 (Lord et al., 2012) and questionnaires
(Sensory Experiences Questionnaire, SEQ, Baranek,
1999a; Sensory Profile, SP, Dunn, 1999; Glasgow Sensory
Questionnaire, GSQ, Robertson & Simmons, 2013). The
final scheme included measurement of specific behav-
iours categorised as sensory seeking or sensory defensive
behaviours in the auditory, visual and tactile domains.
Domains were combined for analysis to create three out-
come measures: sensory seeking behaviours, sensory
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Table 3. Coding categories and behaviours used to measure behaviour across conditions.

Coding category Code Subcode Coding type
Repetitive motor Whole body Frequency and
behaviours Hand/finger/foot duration
Locomotion
Sensory Defensive visual Frequency and
Defensive auditory duration
Defensive tactile
Seeking visual
Seeking auditory
Seeking tactile
Social Speech Speech (any that is not stereotyped/idiosyncratic) Frequency
communication Stereotyped/idiosyncratic
Vocalisations
Social behaviour Showing
Requesting
Offering information
Asks for information
Shared enjoyment
Gestures Conventional
Informational
Emphatic/beats
Deictic
Mimicry Full mimic
Partial mimic
Rapport Global rating
Anxiety Whine or whimper Frequency
Stutter
Trembling/shaking body or voice
Jumpiness
Body contortions or rigid posture
Physical complaint
Desire to leave
Expression of fear or worry
Cry
Irritable
Positive affect Smiling Frequency
Laughing
Verbal expressions of enjoyment
Integrated singing and dancing
Attention Global rating

defensive behaviours and total sensory behaviours (com-
bining seeking and defensive behaviours). Frequency and
duration were measured.

Social interaction and communication. This was com-
posed of five measures: social behaviour, gestures, mim-
icry, speech and rapport. Each measure was adapted from
coding schemes in previous MSE studies (e.g. J. Chan &
Chien, 2017) and the ADOS-2 (Lord et al., 2012). The
social behaviour measure included five items: showing,

requesting, offering information, asks for information
and shared enjoyment. The gesture measure included four
items: conventional, informational, emphatic and deictic.
Mimicry included two items: full mimicry and partial mim-
icry. The frequency of these behaviours was coded, and a
total score was calculated for each measure by summing
the individual items. Both frequency and duration were
coded for the speech measure, which included three items
— speech, stereotyped/idiosyncratic speech (e.g. echo-
lalia and reciting non-personal facts) and vocalisations.
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There was no total score for speech because of variation
in the direction of the effects, with increased speech indi-
cating more typical communication but the opposite being
true for stereotyped/idiosyncratic speech. The rapport
measure was adapted from ADOS-2 global coding, which
included four levels of rapport (0-3), with a higher score
indicating more atypical rapport and, therefore, a less
comfortable interaction overall between child and experi-
menter. Rapport was rated across the whole condition,
rather than at each piece of equipment.

Anxiety. This measure was informed by the Preschool
Observation Scale of Anxiety (POSA; Glennon & Weisz,
1978), the Screen for Child Anxiety Related Disorders
(SCARED; Birmaher et al., 1999), Spence’s Children’s
Anxiety Scale (SCAS; Spence, 1999), Paediatric Anxiety
Rating Scale (PARS; Riddle, 2002) and Anxiety Scale for
Children-Autism Spectrum Disorder (ASC-ASD; Rodgers
et al., 2016). The final items were: whine/whimper, stutter,
trembling/shaking body or voice, jumpiness, body contor-
tions/rigid posture, physical complaint, desire to leave,
verbal expression of fear or worry, crying and irritability.
The frequency of each behaviour was recorded, and vari-
ables were summed to create a total anxiety score.

Positive affect. Previous research describing the behav-
ioural presentation of positive affect was used to create the
positive affect measure (e.g. Harter, 1974), with the final
measure comprising of four codes: smiling, laughing, verbal
expressions of enjoyment, and integrated singing and danc-
ing. Following advice from an expert in behavioural coding,
a smile was only coded when the whole of the child’s face
was visible. As the child’s face was visible in one camera
angle most of the time, most smiles were captured. There
was no minimum length for coding a smile. When laughing
was coded, a smile could not be concurrently coded. Fre-
quency of behaviours was coded, with the individual codes
summed to create a total positive affect score.

Attention. This was a global rating that was informed by
ADOS-2 (Lord et al., 2012), previous MSE studies (e.g.
Cuvo et al., 2001), and broader literature on the concep-
tualisation of attention (e.g. Peterson et al., 1984). The
measure rated the level of on-, and off-task behaviour on a
scale of 0-2, with a higher score indicating more off-task
behaviours (i.e. lower attention). An attention rating was
assigned at the bubble tube, fibre optics, and TSLB but not
at the room lights or mirror ball as these equipment affected
sensory change in the whole MSE, which meant on- and
off-task behaviour could not be reliably determined.

Coding procedure

The videos, with three camera angles for each video, were
coded by a primary and secondary coder. The secondary

coder, naive to the study hypotheses, double coded a ran-
dom selection of 25% of the videos for calculation of IRR.
The secondary coder was trained by the primary coder
through: (1) discussions of the coding scheme, (2) obser-
vation and discussion of sample videos and (3) practice
coding of sample videos (N.B. none of the sample videos
were included in IRR coding). The coding was adminis-
tered through viewing each video four times, with a sys-
tematic focus on different elements of the coding scheme
each time the video was watched: (1) RMB and sensory,
(2) social, (3) anxiety and positive affect and (4) attention.
For each viewing of the video, continuous coding took
place for the 3 min the child spent at each piece of equip-
ment, resulting in 15 min of coding per condition. Note the
coding period was manually constrained to 3 min by the
primary coder.

Intraclass correlations were calculated on the 25% of
videos that were double coded and these analyses demon-
strated excellent IRR for all coding schemes (intraclass
correlation coefficient (ICC)=0.84—0.99) apart from sen-
sory duration, which had moderate but acceptable reliabil-
ity (ICC=0.55; Cicchetti, 1994; Koo & Li, 2016).
Although the coders agreed on the frequency sensory
behaviours (ICC=0.89), the second coder misread one
item of the duration coding causing one sensory behaviour
to be coded longer, and another to be coded shorter than
the scheme dictated. Removing this one misunderstanding
significantly improved IRR (ICC=0.81).

To fully understand the data, frequency and duration of
experimenter speech, number of iPad presses as an index
of the number of sensory changes in the Active-Change
condition and duration of iPad holding in the Active-
Change condition were also measured. We also checked
for procedural fidelity using an additional independent
coder (blind to study hypotheses). The coder assessed: (1)
that the five pieces of equipment were visited in each con-
dition, (2) that the pieces of equipment were visited for
3min each and (3) that the experimenter spoke the four
prescribed utterances at each piece of equipment. The
coder looked at the procedural fidelity for just over 25%
of participants, who were selected at random (n=11).
Procedural fidelity was high across all three areas of
assessment. The five pieces of equipment were visited for
all participants, although the mirror ball failed to work for
two participants (91% overall fidelity). For the length of
time spent at the equipment, 95% of sessions were within
*10% of 3min. Finally, there was an accuracy rate of
97% in delivering the four utterances at each piece of
equipment.

To assess coding drift (i.e. change in coding over time),
the first coded participants (n=15) were compared to last
coded participants (n=15), across both conditions, as well
as across all variables. There were no significant differ-
ences in participant codes over time (range of values
t=0.18-1.83, p=0.08-0.98).
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Data preparation and analysis

Videos of the sessions were coded using ELAN software
(ELAN, 2018) and then exported into SPSS (IBM Corp.,
2017) for analysis.

Actiheart software (version 5.0.5., CamNTech, 2018a
was used to extract and clean the HRV data and to convert
the activity data into ‘activity counts’. HRV was analysed
as a measure of arousal using the root mean square succes-
sive difference (RMSSD; see Berntson et al., 2005).

Variables were inspected for normality of distribution
through visual inspection (e.g. histograms and box plots;
degree of conformation to bell-curve form), the Shapiro—
Wilk test, and skewness and kurtosis. Transformations
were attempted for non-normal variables (frequency and
duration of stereotypical speech, duration of RMB and
sensory behaviours, and duration of whole-body and loco-
motive RMBs) and transformation type (square root and
logarithmic) depended on the severity of the skewness of
the data. Where the transformations did not improve the
distribution (frequency and duration of stereotypical
speech, and duration of whole-body and locomotive
RMBs), non-parametric tests were used, and medians
reported. For normally distributed data, paired-samples
t-tests were used.

Where findings were significant, post hoc analyses
investigated the difference in individual items. Given the
number of comparisons across different domains of cogni-
tion and behaviour, we took a conservative approach of a
significance threshold of p=0.01 for the observation
measures.

Results

Outcome variables

RMBs were both fewer (#(40)=-2.08, p=0.04, d =-0.32)
and shorter in duration (#(40)=18.65, p<0.001, d_=2.91)
in the Active-Change condition, compared to the Passive-
Change condition (Figure 3).

Post hoc analyses showed fewer (#40)=16.16,
p<<0.001, d =2.52) and shorter (Z=-1.98, p<0.05,
r=—0.31) repetitive whole-body movements in the Active-
Change condition. The duration of repetitive hand/finger/
foot (#(40)=-2.47, p<0.05, d.=—0.39) and locomotion
(Z=3.27, p<0.001, r=0.51) movements were also sig-
nificantly shorter in the Active-Change condition.

There were significantly fewer sensory behaviours in
the Active-Change condition (M=35.46, SD=17.80)
compared to the Passive-Change condition (M=43.29,
SD=18.63), #(40)=-2.82, p=0.007, d_=—0.44. Sensory
behaviours were also shorter in the Active-Change
(M=147.87, SD=94.53) compared to the Passive-Change
condition (M=297.29, SD=167.30), #40)=15.53,
p<<0.001, d_=2.43. Post hoc analyses (Figure 4) showed
that there were fewer (#(40)=-2.75, p<0.01, d =-0.43)

and shorter lasting (#(40)=16.22, p<<0.001, d =2.53)
seeking behaviours in the Active-Change, compared to the
Passive-Change condition. In contrast, there were very
few defensive behaviours in either condition and no differ-
ence in the frequency (1(40)=-0.92, p=0.36, d =—0.14) or
duration (#(40)=-0.32, p=0.19, d =-0.05) of these
behaviours.

Significantly more attention was paid in the Active-
Change condition (M=1.27, SD=1.43) compared to the
Passive-Change  condition (M=1.88, SD=1.45),
#(40)=-3.73, p<0.001, 4 =-0.58. There were fewer
(#(40)=-10.66, p=0.02, d =-1.66) and shorter
(#(40)=20.79, p<0.001, d_=3.25) vocalisations in the
Active-Change condition. Along with less (Z=5.51,
p<0.001, r=0.86) and shorter (Z=5.51, p<<0.001,
r=0.86) stereotyped/idiosyncratic speech in the Active-
Change condition. However, there were no significant dif-
ferences for speech (both p > 0.05) (Figure 5).

There was no significant difference in the frequency of
the other variables between conditions (see Table 4).

Arousal

There was a main effect of condition on HRV (RMSSD;
F(2,38)=3.70, p=0.03, n*=0.16; Figure 6). Post hoc tests
revealed significantly lower RMSSD (higher arousal) in
the baseline condition compared to both the Active-Change
(#(19)=-2.10, p<0.05, d.=—0.47) and Passive-Change
(#(19)=-2.45, p<0.05, d,.=—0.55) conditions. However,
there was no significant difference between the Active-
Change and Passive-Change conditions, #19)=—0.77,
p=0.45,d =-0.17.

A repeated measures analysis of variance (ANOVA)
showed a main effect of condition on activity levels (¥(2,
38)=5.41, p<0.01, °=0.22). Post hoc tests established
less activity in both the Active-Change (#19)=-2.15,
p<0.05, d =0.48) and baseline conditions (#(19)=-2.86,
p=0.01, d =—0.64) compared to the Passive-Change con-
dition. However, baseline activity was not significantly
different to activity in the Active-Change condition
(#(19)=-1.33, p>0.05, d_.=—0.30; Figure 7).

Use of the iPad and TSLB in the Active-Change
condition

The number of presses on the iPad and TSLB was used
as a measure of the frequency of sensory changes in the
Active-Change condition. In the Passive-Change con-
dition, each piece of equipment was automatically set
to change every 3s except for the mirror ball, which
was continuously active. There were more changes to
the sensory environment in the Active-Change
(M=364.93, SD=243.98) compared to the Passive-
Change (M=240, SD=0) condition (#40)=3.28,
p=0.002,d =0.51).
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Figure 3. The (a) mean frequency and (b) mean total duration (in seconds) of Repetitive Motor Behaviours (RMBs) between the
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Error bars represent the standard errors.
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Figure 4. The (a) mean frequency and (b) mean total duration of seeking and defensive behaviours across conditions.

Error bars represent the standard error.
*p < 0.01; #¥p <0.001.

The iPad was held for an average total duration of
103 s (SD=121), across the Active-Change condition.
Spearman’s Rho correlations investigated whether the
degree of iPad and TSLB presses and duration of iPad
holding in the Active-Change condition were associ-
ated with a reduction in behaviours involving the
hands (i.e. RMBs, sensory behaviours, gestures and
mimics). Correlations were small with only one, in the
opposite direction than expected, reaching signifi-
cance, as the longer the iPad was held, the

more gestures were produced (,=0.40, p=0.009;
other variables » =—0.36 to 0.02, n.s.). Correlations
with iPad and TSLB presses were not significant
(r,=—0.20 to 0.39).

Experimenter speech

There was no significant difference in the frequency
(Miprorence = 1-78,  SD=18.73;  #(40)=0.61, p=0.55,
d_=0.10) or duration (M =-0.03, SD=21.63;

difference
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Table 4. Mean values, standard deviations (SD; in brackets), t-scores, p-values and effect sizes (d,) of the number of social
behaviours, gestures, mimicry, anxiety and positive affect behaviours in the Active-Change or Passive-Change conditions. Rapport is

a global rating score (range =0-3).

Active-Change Mean (SD) Passive-Change Mean (SD) t-score p-value d,
Social behaviours 15.68 (19.77) 16.54 (23.55) -0.66 0.52 -0.10
Gestures 4.95 (6.28) 6.54 (8.26) -1.78 0.08 -0.28
Mimicry 2.10 (1.77) 2.63 (1.88) -1.73 0.09 -0.27
Rapport 1.73 (0.95) 1.78 (1.08) -0.53 0.60 -0.08
Anxiety 5.73 (6.00) 6.61 (6.32) -1.24 0.22 -0.19
Positive affect 16.83 (15.71) 14.32 (11.65) 1.65 0.11 -0.26
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#(40)=-0.01, p=0.99, d.=0.001) of experimenter speech
between the two conditions.

Discussion

We investigated the effect of having control over sensory
equipment on the behaviours of autistic children using an
MSE. We found that having control led to a significant
reduction in RMBs, sensory behaviours, activity, stereo-
typed speech and vocalisations, and an increase in atten-
tion. However, we found no significant changes in social
behaviours, anxiety, positive affect or arousal. The
changes, which we argue provide better conditions for
learning, resonate with reports of autistic preference for
being in control (Ashburner et al., 2013; Fujino et al.,
2019; Robertson & Simmons, 2015), along with percep-
tual (Palmer et al., 2017; Pellicano & Burr, 2012; Powell

et al.,, 2016; Van De Cruys et al., 2014) and cognitive
(Boulter et al., 2014; Wigham et al., 2015) accounts that
position predictability and control as important determi-
nants of autistic experience.

Why does being in control affect outcomes?

The importance of control is becoming an increasingly
recognised in autism, and to our knowledge, this is the first
study to directly assess the impact of providing control on
a range of outcomes in an MSE. We have three interpreta-
tions for why control may have changed outcomes: meet-
ing sensory needs, predictability and agency/choice.

First, giving children control of the sensory equipment
in the room could ensure that they are able to meet their
sensory needs. Previous research, both in an MSE (Mey
et al., 2015) and more broadly (e.g. Lane et al., 2010), has
suggested that meeting sensory needs can result in a range
of positive outcomes for autistic children. MSEs are a
potentially important tool in meeting sensory needs as they
offer a wide range of sensory experiences, necessary when
considering the complex sensory heterogeneity of autism
(e.g. Lane et al., 2010).

Second, being in control may have increased the pre-
dictability of the sensory environment. Predictability is at
the core of many leading accounts of sensory processing in
autism, such as Bayesian and predictive coding theories
(e.g. Pellicano & Burr, 2012; Van De Cruys et al., 2014).
Broadly, these theories suggest that perceptual experience
in autistic individuals is driven relatively more by bottom-
up sensory information than top-down predictions based
on prior experience. This renders the sensory world more
surprising and could lead to increases in factors such as
anxiety and cognitive load (Van De Cruys et al., 2014). In
this study, giving the children control of the sensory equip-
ment might have enabled them to better predict their own
sensory experience and reduce feelings of ‘sensory over-
load’. This could explain why we found a reduction in
RMBs and an increase in attention, as both have previ-
ously been related to a need for control and predictability
(Boulter et al., 2014; Kapp et al., 2019; Pellicano & Burr,
2012). For example, an account from an autistic adult
described how ‘the regulatory aspect of stimming worked
through attending to a single point of focus over which one
had control” (Kapp et al., 2019, p. 1785). It is important to
acknowledge that we did not manipulate social predicta-
bility or control in this study, which may explain why
social behaviours were unchanged across conditions.

Our third hypothesis for why control of sensory changes
produced positive outcomes is based on the effects of
increased agency and choice, which are strongly related to
well-being in children (Fattore et al., 2007; Fattore et al.,
2009). Research has suggested that the perception of being
in control of the sensory environment can be just as impor-
tant as the sensory changes that are actually made (Pfeiffer
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etal., 2017). Therefore, it is possible that some of the posi-
tive outcomes we observed in this study were not due to
the sensory changes per se, but due to the positive effects
of increased agency and choice over the equipment in the
room.

We did not have the scope to explore an exact mecha-
nism for how control over sensory changes within an MSE
could change behaviour. It is worth noting that although
the participants in the Active-Change condition had con-
trol of the piece of equipment they were working with,
they did not have full control of their experience within the
MSE as equipment order and the duration of each activity
was predetermined. If agency and choice are driving the
findings, then the more autonomy autistic children have
over decisions in the MSE, the bigger the cognitive and
behavioural effects. In contrast, sensory predictability
would not be improved by increasing the amount of deci-
sion-making. In terms of the meeting of sensory needs, the
effect of increasing the number of decisions or elements to
control would depend on the specific sensory needs of the
child (e.g. a hypersensitive child would not benefit from
being able to choose to turn all equipment on). Therefore,
there is scope to tease apart these mechanisms with experi-
mental manipulations. Having said this, we do not assume
these theories to be mutually exclusive or exhaustive.
Ideas around controlling the sensory environment, and
therefore sensory experience, are consistent with existing
theories around predictability and perceived agency and
choice in autism. These ideas also align with other inter-
ventions that enable autistic individuals to control their
sensory environments, such as wearing headphones (Ikuta
et al., 2016; Pfeiffer et al., 2019; Rowe et al., 2011) and
modification of lighting (e.g. Kinnealey et al., 2012).

Relevance for learning

The potential of MSEs to support learning has been
reflected in a range of MSE commentaries (Fowler, 2008;
Hirstwood & Smith, 1996), as well as qualitative (Ayer,
1998; Stephenson & Carter, 2011) and quantitative studies
(Houghton et al., 1998; Mey et al., 2015). Learning in
MSEs has been described in relation to specific skills such
as understanding cause-and-effect (Fowler, 2008;
Hirstwood & Smith, 1996), where a user activating the
equipment can learn that an action (e.g. pressing a switch)
can effect change (e.g. the bubble tube activates). Being in
control of the sensory changes is likely to increase this
understanding of causal learning. However, it is also pos-
sible that being in control over the sensory changes in the
room could have an indirect impact on learning via inter-
actions with other behaviours.

In a previous study, we found that practitioners working
with autistic children are aware that control is an important
component of MSE use, and they thought it could influ-
ence learning outcomes in a number of different ways

(Unwin et al., 2021). An advantage of this study is that it
looked beyond core autistic features to behaviours practi-
tioners described as relevant for autistic children using
MSEs (Unwin et al., 2021). Many of the behaviours that
we found were influenced by being in control are also
related to learning outcomes, for example, RRBs (Leekam
et al., 2011), sensory behaviours (Jones et al., 2020), and
activity levels and attention (Reichenbach et al., 1992). It
has also been suggested that 30% of school teachers of
autistic children think that sensory differences affect learn-
ing all of the time (Jones et al., 2020). Therefore, it could
be hypothesised that providing control may improve con-
ditions for learning, with further research required to
examine the mechanisms of this effect. A notable consid-
eration is that we investigated children working 1:1 with
an adult in the MSE, where control of the sensory environ-
ment is easy to achieve. However, MSE sessions are often
delivered for small groups of children. Taking turns to be
in control of the MSE or providing control to each child at
different pieces of equipment are ways in which the expe-
rience of sensory autonomy could be supported during
group sessions. The extent to which these adaptations rep-
licate the behavioural effects of a 1:1 session is an area of
investigation that could be of particular benefit to
practitioners.

Consideration of neurodiversity

It is important to note that although being in an environ-
ment that enables behaviour change may suggest a more
comfortable experience, improving or reducing particular
outcomes (e.g. RMBs) would not necessarily be beneficial
or wanted by all autistic people. For example, RRBs have
been associated with enjoyment (Joyce et al., 2017) and
autistic people have described liking their RMBs, if not the
social consequences that accompany them (Kapp et al.,
2019). In line with this, the neurodiversity movement
argues for an acceptance of autistic behaviours and a rejec-
tion of approaches that may seek to ‘cure’ autism (Kapp
etal., 2013).

We do not suggest that it is a positive outcome of MSE
use to reduce or eliminate autistic behaviours per se.
Rather, we seck to find methods of use that best support
opportunities for the development and learning of autistic
children. Where autistic behaviours may indicate discom-
fort or interfere with learning, then their reduction may
lead to positive benefits for the child.

Behaviours undffected by control in the MSE

Although control over the sensory changes in the MSE
resulted in changes to some outcomes, others such as
social communication, positive affect, anxiety and arousal
were unaffected. This could suggest that these outcomes
are not affected by having control, but it could also reflect
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the ‘dose’ of intervention needed or challenges of meas-
urement. For example, opportunities for social interaction
were limited in this study because engagement with the
experimenter was controlled. Two previous MSE studies
on intellectually disabled children found that increasing
practitioner/caregiver interaction increased social commu-
nication, but only when interaction from the other person
was high (Glenn et al., 1996; Hill et al., 2012). Relatedly,
Mey et al. (2015) found an improvement in social com-
munication in their six autistic participants but only after a
year of MSE intervention. Furthermore, we may not have
been able to capture the full emotional experience of our
participants, because their emotions may not have been
expressed visibly or they may have been expressed in a
way that was not obvious or typical to the coder (Keating
& Cook, 2021).

These measurement considerations reflect the chal-
lenges of observational data, especially in an inclusive and
heterogeneous group of participants. However, generally
our observational coding scheme worked well and was
able to capture many of the different behaviours and char-
acteristics associated with autism. Future research should
examine the subjective experience of children using the
MSE:s. This was beyond the scope of this study but is cru-
cial to fully understand how different ways of using the
MSE can impact behaviour, affect and learning.

Limitations

The commercial MSE equipment used, although important
for the ecological validity of the study, did not allow us to
match the rate of sensory changes in the Active-Change
condition to the Passive-Change condition. Although it is
also worth noting that a matched design would have intro-
duced order effects between the conditions. However, this
also meant that there were more sensory changes in the
Active-Change condition, and we cannot discount that this
underlying discrepancy had an impact on the findings. An
additional difference between conditions was that the iPad
was only available in the Active-Change condition, where
it was the mechanism of control for four of the pieces of
equipment. It is not possible to discount that some of the
difference between conditions could be related to the pres-
ence or absence of the iPad, rather than the child being in
control. Although future work should endeavour to control
for the number of changes and the inclusion of equipment,
the findings are still clear in demonstrating that giving an
autistic child control of the MSE leads to behaviour
change, regardless of the mechanisms of action. This study
cannot provide insight into the benefit of MSE use over
engagement in a comparable but non-sensory environment
(e.g. regular playroom), and indeed, there was signifi-
cantly higher arousal in the baseline (i.e. Smin free play
outside the MSE) compared to the two MSE conditions.
However, as the baseline condition was always the first

activity, the difference in arousal could reflect order
effects. More broadly, there are challenges in choosing an
appropriate non-MSE condition as an environment with
reduced sensory interest and stimulation is a poor control
for the natural interest provided by an MSE. Relatedly, our
findings may not be unique to MSEs; being in control
could potentially have an impact across other contexts
(e.g. classrooms). Therefore, future research could further
investigate the impact of providing control over the sen-
sory environment in a non-MSE setting.

With reference to specific variables, the static camera
system did not allow for close viewing of the child’s face,
limiting our ability to code affect using a fine-grained cod-
ing system such as the Facial Action Coding System (e.g.
Sayette et al., 2001). This may have limited our ability to
detect changes in affect between conditions. We would
encourage those undertaking future research to utilise
moving camera systems, capable of zooming in and out, to
support this type of data collection. With relation to speech,
we found that vocalisations were reduced when the child
had control of the MSE; however, the intent of vocalisa-
tions (communicative intent vs sensory stimulation) could
not be reliably determined. Our tentative interpretation is
that most were sensory seeking, suggesting that the find-
ings are consistent with the overall reduction in sensory
seeking in the Active-Change condition. An additional
consideration is that coders were not naive to condition.
However, the second coder was blind to hypotheses and
inter-rater reliability (IRR) was generally excellent across
the coding scheme, which supports the validity of our data.
Finally, as data were not collected on ethnicity, race or
socioeconomic status, we cannot infer the extent to which
the results generalise across different populations.

Conclusion

This is the largest study to date on MSE use with autistic
children and the first to investigate the impact of having
control over sensory changes within an MSE. Compared
to not having control, we found that giving autistic chil-
dren control of the MSE reduced their RMBs, sensory
behaviours, activity levels, stereotyped speech and vocali-
sations, and increased their attention. These findings
speak to a broader literature that has identified the impor-
tance of control for autistic children. The data are also
promising for practitioners who currently have no evi-
dence-based guidelines to inform their MSE practice with
autistic children.
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