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Abstract

Sleep problems are prevalent among autistic children and children with Rare Genetic
Neurodevelopmental Disorders (RGND). Behavioral interventions are commonly
used to treat sleep problems, with most involving extinction. While effective, the
occurrence of a response burst (i.e., temporary worsening of the behavior) can result
in a temporary increase in parent and child distress, and negatively affect treatment
adherence. Thus, it is important to develop less restrictive treatment options. This
study used a single case multiple baseline design to investigate the effectiveness and
acceptability of less restrictive behavioral interventions (i.e., specifically exclud-
ing extinction) for sleep problems in ten autistic children and children with RGND
(M=17.3 years). Results demonstrated a reduction in sleep disturbance including
unwanted bed-sharing, night wakings and sleep onset delay for 3/3, 5/5 and 6/7
children respectively, which were maintained at follow-up. Interventions were rated
favorably by parents. The clinical implications of these findings are discussed.

Keywords Neurodevelopmental disorders - Sleep - Behavioral interventions - Rare
genetic disorders - Autism spectrum disorder

Neurodevelopmental disorders (NDD) are a group of conditions characterized by
persistent developmental delays, resulting in substantial functional limitations. Such
impairments affect at least one developmental domain, including cognitive function-
ing, communication, social skills and/or motor ability, and must manifest prior to
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22 years of age (Odom et al., 2007; Thambirajah, 2011; Volkmar et al., 2014). This
category of disorders includes Autism, Down syndrome, Attention Deficit Hyperac-
tivity Disorder (ADHD) and Rare Genetic Neurodevelopmental Disorders (RGND).
RGND include those disorders which affect<1 in 2000 people (European Commis-
sion, 2021); are a result of genetic alterations; and are associated with intellectual
and developmental delay (McLay et al., 2019a, b; Woodford et al., 2021). Examples
of RGND include Rett syndrome, Prader-Willi syndrome, and Fragile-X syndrome.
In addition to developmental delay, those with NDD often exhibit phenotypic physi-
ological and intellectual impairments that can result in behavior difficulties, includ-
ing sleep problems.

Issues with the initiation and maintenance of sleep are the most frequently
reported sleep problems experienced by children with NDD (Krakowiak et al., 2008;
Richdale & Schreck, 2009) with prevalence rates ranging from 50%—80% (Angriman
et al., 2015; Krakowiak et al., 2008; Kronk et al., 2010; Moss et al., 2014). Unwanted
bed-sharing (i.e., co-sleeping) is also common (McLay et al., 2019a, 2019b). With-
out effective treatment, sleep problems in children with NDD are unlikely to resolve,
resulting in profound long-term effects on the daytime behavior, adaptive function-
ing, and well-being of children and their families (Goldman et al., 2012; Kronk et al.,
2010; Morelius & Hemmingsson, 2014; Shochat et al., 2014).

Sleep problems in those with NDD are thought to be the result of a combina-
tion of biopsychosocial factors including impaired melatonin regulation (Woodford
et al., 2021), co-occurring medical (e.g., epilepsy, sleep-related breathing disorders
and asthma) (Ghanizadeh & Faghih, 2011; Parish, 2009), and psychiatric disorders
(e.g., anxiety, depression and ADHD; Konjarski et al., 2018). Furthermore, envi-
ronmental and behavioral factors (e.g., device use, an inconsistent and/or stimulat-
ing bedtime routine and parental reinforcement of sleep-interfering behaviors) also
play a role in sleep problems (Blampied, 2013; Blampied & France, 1993; France &
Blampied, 1999).

Given the bio-behavioral etiologies of sleep problems in children with NDD,
it is perhaps unsurprising that most empirically supported interventions for these
children are pharmacological (e.g., exogenous melatonin; Davis et al., 2018; McLay
et al., 2021a, b, c) and behavioral (i.e., based on the principles of Applied Behavior
Analysis; Carnett et al., 2020; McLay et al., 2021; Rigney et al., 2018). Behavio-
ral sleep interventions typically include modifications to the child’s sleep environ-
ment and assisting parents to establish effective stimulus control for bed-preparation
and sleep onset, and manage reinforcement contingencies for sleep-interfering and
-facilitative behaviors. A common element in contingency management is behav-
ioral extinction, involving elimination of reinforcers for sleep interfering behaviors
(Allen et al., 2013; Jin et al., 2013; McLay et al., 2017, 2019a, b; Piazza et al., 1997,
Weiskop et al., 2005).

The multifaceted etiology of sleep problems means that selection of any interven-
tion is a comprehensive and complex clinical process. In the selection of behavioral
interventions, this process can be informed by Functional Behavioral Assessment
(FBA; Jin et al., 2013; McLay et al., 2019a, b). FBA is commonly used to iden-
tify environmental factors (antecedents) and contingencies of reinforcement (con-
sequences) that elicit and maintain the problem behavior (Blampied, 2013). FBA
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outcomes are then used to inform the development of individualized intervention
procedures, directly targeting these factors. Within the sleep context, FBA-informed
interventions may focus on antecedent modifications such as changes to the discrim-
inative stimuli associated with sleep (e.g., sleep onset location); establishing moti-
vating operations that promote the independent onset and maintenance of sleep, for
example, increasing homeostatic sleep pressure (i.e., the need for sleep) and conse-
quently the reinforcing value of sleep through delayed bedtime, sleep restriction and
eliminating daytime naps (Laraway et al., 2003); modifications to sleep hygiene; and
teaching strategies that support autonomous sleep (e.g., deep breathing and progres-
sive muscle relaxation). In addition, FBA guides any modification of contingencies
of reinforcement. This includes providing reinforcement for sleep-facilitative behav-
iors, and/or the withdrawal of reinforcement (e.g., parent attention, access to pre-
ferred activities or items) for sleep interfering behaviors, also known as extinction
(McLay, France, Blampied, van Deurs et al., 2021; McLay et al., 2019a, b; Weiskop
et al., 2005).

A considerable amount of research has evaluated the effectiveness of FBA-based
behavioral interventions for sleep in autistic children (Carnett et al., 2020; Jin et al.,
2013; McLay et al., 2017; McLay, France, Blampied, van Deurs et al., 2021; McLay
et al., 2019a, 2019b; Sanberg et al., 2018; van Deurs et al., 2021). However, research
with those with RGND is extremely limited, with McLay et al. (2019a, b) locat-
ing only two studies that have evaluated FBA-based behavioral interventions for
sleep in children with Fragile-X and Prader-Willi syndromes (Didden et al., 1998;
Weiskop et al., 2005). Furthermore, there is some controversy among parents and
professional communities about the use of behavioral extinction procedures, a
debate centred around both philosophical and practical considerations. Practically
speaking, implementing extinction and modified extinction procedures, may result
in a response burst (i.e., a temporary increase in targeted behavior) at the outset of
intervention (Blunden et al., 2016; Etherton et al., 2016; Middlemiss & Kendall-
Tackett, 2014). This is the result of the withdrawal of reinforcement that previously
maintained the targeted behavior, and paradoxically, makes the behavior worse as a
prelude to positive behavior change as the process of extinction reduces the behav-
iour to low or zero frequency. In the case of sleep interventions, this can result in an
increase in the frequency and intensity of crying, protesting, getting out of bed and
other behaviors that have previously resulted in reinforcement (Blunden et al., 2016;
France et al., 1996). This intensification in behavior can be difficult to ignore and is
often intolerable to parents. As a result, many are unable to adhere to the treatment
programme, resulting in unintentional reinforcement of the sleep interfering behav-
ior, and subverting the extinction process and its desirable effects. Furthermore, the
use of extinction-based procedures often requires high levels of expert guidance and
support, the likes of which is not readily available in many communities. Philosoph-
ically, debate is often centred around fears about the stress that children may expe-
rience as a result of the extinction process (Etherton et al., 2016); understandings
regarding attachment theory and its emphasis on the importance of responsive par-
enting (e.g. see Ainsworth, 1969), often perceived to be at odds with the extinction
procedure (i.e. withdrawal or minimization of responding); and any parental distress
that may be experienced during the extinction process (Whittall et al., 2019).
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Attempts to ameliorate the occurrence of a response burst have long been inves-
tigated (Blunden et al., 2016; Kuhn et al., 2020). It is reasonable to expect that the
use of modified extinction procedures in which reinforcement is gradually faded
(e.g., graduated extinction, faded parental presence) or use of antecedent-based
modifications in conjunction with extinction-based procedures, may reduce the
likelihood of a response burst (Kuhn et al., 2020; McLay et al., 2019a, b; Roberds-
Roach et al., 2012). Moreover, it may be possible to effectively treat sleep prob-
lems without using extinction procedures at all. For example, interventions that
include modification of children’s sleep/wake schedules, may increase homeostatic
sleep pressure during the night, reducing the likelihood of night waking (NW) and
in turn, the need to implement extinction-based treatments.

The “less restrictive alternative” doctrine advises therapists to commence
treatment using minimally sufficient and less aversive procedures (Johnston &
Sherman, 1993; Kazdin, 2013). In the context of sleep, less restrictive interven-
tions are those that are acceptable to families and that are considered likely to
produce relatively less parent and child distress compared to other interventions.
This may include interventions that do not reduce rates of reinforcement, do not
require parental ignoring of the child and may produce less crying and evidence
of child distress (i.e., alternatives to, or modifications of extinction; France &
Blampied, 2005). Less restrictive interventions may be particularly important
among parents of children with NDD who often experience medical complex-
ity (e.g., gastrointestinal issues, epilepsy, asthma, feeding tubes, hypotonia) and
where the need to avoid distress, and maintain parent responding, is a necessary
safety measure (Stores, 2016).

To date, there has been little research that has directly adopted the less restric-
tive principle in designing behavioural sleep interventions in children with NDD
(Van Deurs et al., 2021). Furthermore, we know little about whether there are
differences in the types of NDD that may impact response to less restrictive inter-
ventions. It is possible that a child’s response to behavioral sleep interventions
varies according to diagnosis, owing to the differences in causal mechanisms. For
example, there are high rates of co-occurring biological conditions and neuro-
endocrine abnormalities in children with RGND (Alabaf et al., 2019) which may
impact the severity, type and topography of sleep problems. Such differences may
also impact the effectiveness of behavioral interventions for sleep and parent per-
ceptions of the acceptability of these interventions.

The purpose of this study is to (a) investigate the effectiveness of less restric-
tive alternatives to extinction-based procedures in the treatment of sleep problems
in autistic children and children with RGND; (b) to investigate the maintenance
of treatment effects following such treatment; (c) to evaluate whether improve-
ment in sleep results in any collateral benefit to children’s daytime behavior and
parent and child wellbeing; and (d) to assess parental acceptability of less restric-
tive intervention approaches. In addition, treatments, outcomes and acceptability
were compared across autistic and RGND participants to see, in a preliminary
way, if there was any indication of differential patterns associated with diagnostic
status.
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Method
Participants and Recruitment

This research was approved by the relevant university Human Ethics Committee.
Informed consent was obtained from all parent participants and, consent or assent
was provided by most children. Participants were recruited from throughout New
Zealand via service providers for children with NDD and their families and via the
professional networks of the research team. Participants were recruited for two differ-
ent research studies focused on investigating the effectiveness of behavioral interven-
tions for sleep problems in autistic children or children with RGND.

Participants met the following inclusion criteria: (a) between 2 and 21 years of
age; (b) a formal diagnosis of autism or RGND as verified by a Psychiatrist, Psy-
chologist and/or genetic testing (the latter for RGND); and (c) had parent-reported
behavioral sleep disturbances (e.g., sleep onset delay, frequent and/or prolonged
NW, bedtime resistance), later confirmed via sleep assessment. Children were
excluded if they had medical conditions that were a contraindicator to behavioral
intervention, or the timing and/or dose of medication administration was unstable
at any phase. Ten children and adolescents (four female and six male) between the
ages of 4 and 19 years met criteria for inclusion in the study. Five had a primary
diagnosis of autism and five had a RGND. A summary of participant characteristics
is presented in Table 1.

Study Design

Treatment outcomes were evaluated using a single-case non-concurrent multiple
baseline across participants design (Barlow et al., 2009; Christ, 2007) with random
allocation to baseline lengths. Individualized FBA-informed treatment plans were
implemented across participants.

Settings

Assessments were undertaken in person in the family home or at the University of Can-
terbury clinic (6/10 participants), or via Zoom (4/10 participants). Interventions were
implemented by parents, in the family home, with the support of the therapy team.

Assessment Measures
Child Communication Level

The Vineland Adaptive Behavior Scale — 3rd Edition Parent/Caregiver Rating Form
(VABS-III; Sparrow et al., 2016) was administered during the assessment process. The
VABS-III is a parent-report measure of children’s adaptive behavior with 120 items
grouped into four subscales: Communication, Daily Living, Motor Skills and Socializa-
tion. The Communication subscale of the VABS-III was completed pre-treatment to
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assess children’s language abilities (completed by 8/10 parents; see Table 1 for VABS-
III data).

Clinical Interview

Clinical interviews were conducted by a New Zealand registered Psychologist or
Intern Psychologist. The Sleep Assessment Treatment Tool (SATT; Hanley, 2005);
a semi-structured assessment tool, was used during the clinical interview to gather infor-
mation about: (a) the history of the child’s sleep problem(s); (b) the type and topography
of the sleep problem(s); (c) disruptive bedtime behaviors; (d) sleep hygiene practices and
the nature of the sleep environment; (e) sleep/wake schedules; (f) any antecedent and con-
sequence variables related to the sleep problem; and (g) parental goals for sleep. Demo-
graphic information (i.e., child age, diagnosis and ethnicity), information about the family
context, and the child’s developmental history was also gathered at this time.

Sleep Measures
Parent-reported Sleep Diaries

Paper sleep diaries were completed by parents daily, across study phases. The diaries
were used to calculate all dependent variables, and recorded information about the
sleep setting; timing, frequency and duration (minutes) of daytime naps and NW; sleep
onset latency (SOL; minutes); frequency of curtain calls (CC; i.e., bids for parental
attention before sleep onset); the percentage of the night spent bed-sharing (minutes
bed-sharing/total sleep duration X 100); and duration of early morning waking (EMW;
minutes awake prior to 6am). Parents also recorded information about their child’s
sleep interfering behavior and their response to the behavior.

Analysis of Video Footage

Swann Advanced-Series DVR4-1200 night-time recording hardware or TP-link Tapo
C100 night vision Wi-fi cameras with micro-SD cards were provided to families with
written operating instructions. Parents were instructed to turn the camera on when the
child was put to bed and turn it off when the child arose in the morning. Video footage
was primarily used to gather interobserver agreement data (IOA), however, in some
cases it was used to complete sleep diaries that had missing information (one partici-
pant; Sally), and to inform the FBA process. Footage of the child’s sleep was obtained
for a minimum of 30% of nights, across phases.

Sleep Problem Severity
Sleep Problem Severity (SPS) scores were calculated based upon parent-reported
sleep diary data (9/10 participants), and data from video footage (1/10 partici-

pants), using the final seven nights of the baseline and treatment phases, and
for the duration of short- (STFU) and long-term follow-up (LTFU). Scoring

@ Springer



654 Journal of Developmental and Physical Disabilities (2023) 35:647-682

criteria were developed for toddlers (2—4 years 11 months), children (5-12 years
11 months) and adolescents (13—18 years) based on Richman et al. (1985) and
National Sleep Foundation Guidelines (Hirshkowitz et al., 2015). For scoring cri-
teria see Online Resource 1. McLay, France, Blampied, van Deurs et al. (2021)
and McLay et al. (2019a, b) previously used this measure to evaluate sleep in
autistic children. The total score for each of the seven nights was divided by seven
to determine an average score for that period repeated across study phases. Based
on the convention established by Richman et al. (1985) a score greater than two is
indicative of a clinical level of sleep-problem severity.

Children’s Sleep Habits Questionnaire

The Children’s Sleep Habits Questionnaire (CSHQ; Owens et al., 2000) is a 45-item,
parent-report measure used to assess a range of sleep difficulties in four-to-ten-year-
old children. It yields a total sleep disturbance score and eight subscale scores: Bed-
time resistance, Delayed SOL, Sleep duration, Sleep anxiety, Night waking, Sleep
disordered breathing, Daytime sleepiness, and Parasomnias. Total scores greater
than 41 indicate clinically significant sleep disturbance. The CSHQ is the most
widely used standardized measure of sleep problems in children with NDD (e.g.,
Lambert et al., 2016; May et al., 2015; Moss et al., 2014).

There were two participants; Sally and Jimmy, who were outside of the age
range for the CSHQ, however, the CSHQ was still administered to ensure con-
sistency across participants. The CSHQ has been used extensively in populations
outside the recommended age range, especially for children with NDD (Moss
et al., 2014). There was no alternative parent-report measure that would allow for
comparison across participants of varying ages (Owens et al., 2000).

Measures of Collateral Intervention Effects

The Child Behavior Checklist (CBCL), Depression, Anxiety and Stress Scale
(DASS-21), Pittsburgh Sleep Quality Index (PSQI) and Relationship Quality
Index (RQI) were completed by parents at pre- and post-treatment to assess col-
lateral effects of sleep intervention on child emotional and behavioral problems,
and parent sleep, relationship quality and wellbeing.

Child Behavior Checklist

The CBCL (Achenbach & Rescorla, 2001) is a parent-report measure of behavioral,
social and emotional symptoms in children and adolescents. The CBCL for children
between the ages of 1.5-5 years has seven subscales: Emotionally Reactive, Anxious/
Depressed, Somatic Complaints, Withdrawn, Attention Problems, Aggressive Behav-
ior, and Sleep Problems, and the version for children between the ages of six to
18 years has eight subscales: Aggressive Behavior, Attention Problems, Rules Break-
ing Behavior, Anxious/Depressed, Somatic Complaints, Social Problems, Thought
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Problems and Withdrawn/Depressed (Achenbach & Rescorla, 2001). Specific sub-
scale scores are summed to provide internalizing and externalizing problem scores,
and all subscale scores are summed to provide a total score. Higher scores indicate
greater symptom severity (Normal < 60; Borderline 60-63; Clinical > 64).

Depression, Anxiety and Stress Scale

The DASS-21 (Henry & Crawford, 2005; Lovibond & Lovibond, 1995) is a self-
report measure of symptoms of Depressive, Anxiety and Stress symptoms. Higher
scores indicate greater symptom severity. Score ranges for classification of symptom
severity for each subscale are indicated in Table 2.

Pittsburgh Sleep Quality Index

The PSQI (Buysse et al., 1989) is a self-report measure of sleep quality in adults.
The PSQI has 19 items grouped into seven subscales: Sleep Quality, Sleep Latency,
Sleep Duration, Sleep Efficiency, Sleep Disturbances, Sleep Medication Use and
Daytime Sleepiness. Subscale scores are summed to provide a global sleep quality
score; higher scores indicate poorer sleep quality, with scores greater than five reli-
ably differentiating poor from good sleep quality.

Relationship Quality Index

The RQI (Norton, 1983) is a six-item, self-report measure of one’s perception of
relationship quality with their partner. Item scores are summed to provide a total
relationship quality score, higher scores indicating better relationship quality, with
scores < 29 reliably differentiating poor from good relationship quality.

Treatment Acceptability

The Treatment Acceptability Rating Form — Revised (TARF-R; Reimers et al., 1992)
is a parent-report measure of treatment satisfaction. It has 20 items grouped into six
subscales: Reasonableness, Effectiveness, Cost, Willingness, Side-Effects and Dis-
ruption/Time. Seventeen items relate to ratings of treatment acceptability and three
items assess problem severity and parents’ understanding of interventions. Ratings
from the 17 acceptability items are summed to provide a total treatment acceptabil-
ity score. Higher scores indicate greater acceptability.

Inter-Observer Agreement (I0A) and Treatment Fidelity
IOA data were calculated by comparing sleep diary and video recording data, in

cases where sufficient video (>30% of nights) was recorded (5/10 cases). IOA was
only evaluated where behaviors were detectable by parents (i.e., quiet awakenings
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in which the child remained in their bed were excluded). Agreement for measures
of time (e.g., duration of NWs, SOL) were noted if the video and sleep diary data
were within 15 min. Percentage of agreement was calculated using the formula:
[Agreement/(Agreement + Disagreement)] X 100. Treatment fidelity data was cal-
culated by comparing the components of each child’s treatment protocol, with pro-
cedures noted in parent-reported diaries, video recordings, and daily contact notes.
This was calculated for at least 30% of treatment and follow-up phases.

Procedures

Following clinical interviews, the following phases were undertaken: FBA and
behavioral case formulation; baseline; treatment; STFU and LTFU.

Functional Behavioral Assessment (FBA) and Behavioral Case Formulation

An FBA was completed for each child using data from the clinical interview, SATT,
parent-reported sleep diaries, and video footage. FBA outcomes determined the ante-
cedent and consequence variables maintaining the sleep problem and enabled formula-
tion of a hypothesis regarding the function(s) of sleep interfering behavior(s) for each
child. Once all assessment data was obtained, behavioral case formulation and inter-
vention planning occurred (BCFIP; Blampied, 2013; see Table 3 for FBA outcomes).
The principle of less restriction was explicitly used in intervention planning to select
and order the intervention strategies. Examples provided in intervention descriptions.

Baseline

Participants were randomly allocated a baseline length of 7, 14, or 21 days, though
due to extraneous factors (e.g., child illness) or instability in baseline trends the
baseline length was extended for two participants. During baseline, parents were
instructed to continue with their typical routine and responses to their child’s behav-
ior at bedtime and during the night.

Intervention

Sleep interventions commenced immediately upon conclusion of baseline. Interventions
were limited to sleep/wake rescheduling, antecedent modifications, and reinforcement,
though in one case (Sue), a modified extinction procedure was trialled briefly to resolve
the sleep problem. In this case it was ultimately deemed inappropriate for the family,
given high rates of seizure activity. These intervention components were implemented
concurrently for 7/10 participants and sequentially for 3/10 participants (Rick, Heath and
Rita). With sequential implementation, treatment components were ordered based on the
less restrictive principle: circadian modifications, followed by antecedent modifications
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and then reinforcement (Kazdin, 2013; van Deurs et al., 2021). Interventions contin-
ued until the family’s treatment goals had been met, the sleep problem had resolved (as
determined by sleep outcome data), or the participants withdrew from treatment.

Sleep/wake rescheduling was implemented for all but one participant (Sue), and for
some participants included elimination of daytime naps (3/10 participants) and faded
bedtime procedures (6/10 participants). Faded bedtime procedures involved delaying
the child’s bedtime to the average time of sleep onset during baseline (Hirshkowitz
et al., 2015). The bedtime was then bought forward in 15-min increments when the
child consistently (typically after three—four consecutive nights) fell asleep within
15 min of being put to bed. This continued until the parents’ goal bedtime was met.

Antecedent modifications were required for all but one participant (Sally) who only
required sleep/wake rescheduling. Antecedent modifications included changes to the
sleep setting (2/10 participants), scheduled pre-bedtime access to digital devices (2/10
participants), establishing a consistent bedtime routine (3/10 participants), and the use of
prompts and visual supports such as social stories (7/10 participants) and Gro-Clocks™
which provide a discriminative stimulus for sleep onset and offset (4/10 participants).

Reinforcement was provided for sleep-facilitative behavior for five participants.
Treatment components for each participant are outlined in Table 3.

Maintenance and Follow-ups

Following intervention, participants entered the maintenance phase where researcher-
initiated contact ceased, and data collection was discontinued. During this phase, par-
ents completed post-treatment psychometrics and a post-treatment interview. STFU
and LTFU data was collected for one week, 46 and 12-14-weeks post-treatment,
respectively, for six/ten participants.

Data Analysis
Visual Analysis

Visual analysis was used to evaluate the effectiveness of interventions. Data from parent-
reported sleep diaries, and from video (in cases which had missing diary data e.g., Sally)
was graphed using SigmaPlot 14 software (systatsoftware.com) and the level, trend and
variability of the data points were analysed across study phases. Percentage Below the
Median (PBM,; an effect size estimate; Parker et al., 2011) was calculated using the final
week of intervention data for each participant (consistent with SPS calculations), across
dependent variables. A PBM>90% represents high treatment effectiveness; 70%—90%
represents moderate effectiveness; and < 70% represents ineffective treatment (Ma, 2006,
2009). See Table of PBM results in Online Resource 2.

Modified Brinley Plots

Modified Brinley Plots are a form of scatterplot which display both idiographic and nomo-
thetic treatment effect information, (i.e., individual participant data within the context of
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other individuals in the same group; Blampied, 2017) and were used to assess change in
SPS and CSHQ scores across phases. Participants’ pre- and post-treatment scores are pre-
sented on the X and Y axis, respectively. Where each data point lies relative to the 45°
diagonal line (i.e., where X equals Y) indicates the degree of change for each participant. If
data points lie near or on the line, this means there was little or no change following inter-
vention. Data points below the line indicate a decrease in scores, and vice versa (Blampied,
2017). Additional lines are displayed to provide information about where scores sit relative
to the measure’s clinical cut-off (e.g., a score of 41 on the CSHQ).

Two effect size measures were calculated for SPS and CSHQ group data using Lak-
ens (2013) software: The within-subjects Cohen’s d,, (Cohen, 1988; Lakens, 2013)
and the Percent Superiority Effect Size (PSES, also known as the Common Language
Effect Size; McGraw & Wong, 1992). Cohen’s d,,, effect sizes were interpreted based
on the criteria developed by Cohen (1988): Small effect d,,<0.2, medium effect

ay —

d,,=~0.5, and large effect d,,>0.8. A reduction in SPS and CSHQ scores from pre-
to post-treatment reflect change in a clinically desirable direction, represented by nega-
tive d,,, values. The PSES represents the probability (expressed as a percentage) that
a randomly selected participant will have a post-treatment score clinically better than
their pre-treatment score (Lakens, 2013; McGraw & Wong, 1992). Confidence inter-
vals (CI) about d,, (calculated using Cumming, 2012) were also calculated to classify
d,, as reliably different from zero (p <0.05). Due to the small sample size, effect size

calculations are based on autistic and RGND participants, combined.

Results

Data presented for each participant are those where the dependent variable reported
was a treatment target. Two participants (Sue and Rick) had a large amount of data,
due to a long intervention period. To ensure the graphs are readable, 85 and 61 data
points were removed from mid-intervention for Sue and Rick respectively, and ten
data points were removed from the start of baseline for Sue, these being periods of
data stability. Graphs are grouped according to diagnostic group (autism or RGND) to
facilitate comparison across NDD. Study phases, including major changes to treatment
are depicted on each graph with phase change lines. Follow-up data is unavailable for
three participants who withdrew during treatment or maintenance. SPS and CSHQ
scores, collateral effects, IOA, TF, and treatment acceptability data follow below.

Treatment Outcomes
Excessive SOL

Excessive SOL was problematic (i.e.,>15 min) for seven participants (autism:
Ritchie, Rita, Rick and Rob; RGND: Finn, Sally and Sue). Four of these partici-
pants showed an immediate reduction following intervention while two (Rita and
Sue) showed an emergent treatment effect, and the other (Rick) showed minimal
improvement. The average SOL across autistic participants ranged from 36—-102 min

@ Springer
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Fig. 1 Sleep onset latency (mins) for autistic participants across baseline, intervention, and follow-up p
phases

at baseline and reduced to 8—40 min with intervention (see Fig. 1a). PBM values
range from 86%—100% indicating moderate to large intervention effects. The average
SOL across RGND participants ranged from 36-160 min at baseline and reduced
to 22-37 min with intervention (see Fig. 1b). PBM values range from 71%—100%
indicating moderate to large intervention effects. Improvements were maintained at
follow-up (PBM =100%). Overall, SOL was more delayed in children with RGND
compared to the autistic children and less restrictive interventions were effective at
reducing SOL. However, SOL remained higher, and above the < 15-min clinical tar-
get, for RGND, suggesting lower treatment response compared to autism.

Frequency of CCs

CCs were problematic (i.e.,> 1) for three autistic participants (Ritchie, Rob and
Rita). All three of these participants exhibited improvements following interven-
tion (see Figure in Online Resource 3). The frequency of CC’s ranged from O to
10 (M =1.3-3, SD=1.6-2.9) at baseline and reduced to zero to five (M=0.17-1,
SD =0.45-1.13) with intervention. PBM values were 0%, 93% and 100% for Ritchie,
Rob and Rita respectively, indicating no treatment effect for Ritchie but large treat-
ment effects for Rob and Rita. Ritchie’s PBM results are due to a floor effect at
baseline, with a median of zero, despite three baseline nights with between two and
four CCs. One participant (Rita) showed an emergent treatment effect, with a con-
sistent absence of CCs following phase three of intervention (sleep/wake reschedul-
ing and a consistent bedtime routine). Improvements were not maintained at follow-
up as Rob showed a slight increase in level (PBM of 43% of data below one CC).

Frequent Night Wakings (NWs)

Frequent NWs were problematic (i.e.,>0) for five participants (autism: Heath;
RGND: Miri, Sue, Sally and Finn). Heath (autistic) exhibited an immediate reduc-
tion in the frequency of NWs following intervention (sleep/wake rescheduling and
bedtime routine) from 0.4 at baseline to 0.1 with intervention (PBM =90%: a large
effect; see Fig. 2a).

Results for participants with RGND were mixed (PBM range=14%—-100%). The
average frequency of NWs per participant with a RGND ranged from 1.1-3 at base-
line and reduced to 0-0.9 with intervention (see Fig. 2b). Two (Finn and Sally) of
the four participants exhibited a clear reduction in the frequency of NWs follow-
ing intervention (PBM=100%; a large effect). Treatment effects were maintained
at follow-up. Miri also demonstrated improvements with intervention, however, the
PBM value was low (50%), indicating ineffective treatment. This is likely due to a
floor effect (baseline median=1). Lastly, Sue exhibited no improvement in the fre-
quency of NW (PBM =14%). There was an initial increase in the frequency of NWs
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Fig. 1 (continued)

with changes to the antecedent stimuli for sleep (rocking in the hammock), however,
data returned to baseline levels during treatment and increased above baseline levels
at STFU (PBM =0%). The frequency of NW reduced to baseline levels during LTFU
(PBM =14%). Overall, NWs were more frequent in children with RGND compared to
the autistic children and intervention effects were variable.
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Prolonged NWs

Prolonged NWs were problematic (i.e.,>5 min) for five participants (autism: Heath and
Rick; RGND: Finn, Sally and Sue). All participants exhibited a reduction in NW duration
following intervention. The average total duration of NWs per autistic participant ranged
from 19-21 min at baseline and reduced to four minutes with intervention (see Fig. 3a).
PBM values were 0% and 100% for Rick and Heath respectively, suggesting no inter-
vention effect for Rick (due to a median=0) but a large effect for Heath. Effects were
maintained at follow-up for Heath (PBM=100%). The average duration of NWs per par-
ticipant with RGND ranged from 61-139 min at baseline and reduced to 0—36 min with
intervention (PBM =100%; a large intervention effect; see Fig. 3b). This was maintained
at follow-up. Overall, less restrictive interventions resulted in a reduction in the duration
of NWs for all participants. Prolonged NWs were more severe in children with RGND at
baseline, but children in both groups showed the same response to treatment.

Duration of EMW

EMW was problematic (i.e., waking before 6am) for two autistic participants (Heath
and Rick). Both participants exhibited improvements with intervention (baseline range
30-85 min; treatment range 11-14 min; see Figure in Online Resource 4) though with
considerable variation for Rick for whom reductions in EMW occurred following
sleep/wake rescheduling (phase one). PBM values were 57% and 100% for Rick and
Heath respectively, indicating no effect for Rick but a large effect for Heath. For Heath,
improvements were maintained at STFU (PBM=100%) but an increase in EMW

a
_BL i

o 8 A+ Ci A+ Co <EST;:U Heath
£ 71 @34 5y9m
f‘w LTFU

z 67 @90

£ 5

=)

=y

k]

> 37

2

o 2

5 ﬁﬂ

3 i

L 0 - (@ (@O (8 (8 (O (U |’ ||||| LI(II)

: . : : : e

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170

Observation nights

A = Antecedent modifications; Ci = Circadian modifications; Co = Consequence
modifications; STFU = short-term follow-up; LTFU = long-term follow-up; @ followed by a
number represents the number of days follow-up commenced following intervention.

Fig.2 Frequency of night wakings for autistic participants across baseline, intervention, and follow-up
phases
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Fig.2 (continued)
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occurred at LTFU, although not to baseline levels (PBM=100%). Overall, EMW
was a greater problem for autistic participants with EMW rare (14%—-15% of baseline
nights) and minimal (<30 min) in two participants with RGND (Miri and Finn).

Percentage of the Night Spent Bed-sharing

Bed-sharing was problematic for three participants with RGND (Miri, Jimmy
and Sue). All participants exhibited an immediate reduction in bed-sharing fol-
lowing intervention (baseline range 35%-100%; treatment range 4%—18%;
PBM =82%-100%, a medium—Ilarge effect; see Figure in Online Resource 5).
Improvements were maintained for most of the intervention phase, with the excep-
tion of Miri who resumed bed-sharing near the end of the intervention, and Sue
who displayed variability in bed-sharing patterns across phases. Improvements were
maintained at follow-up for Jimmy (PBM =100%). Sue had a PBM of 0% at STFU
due to illness, but a reduction in level at LTFU (PBM =100%).

Heath
5y9m

Rick
4y10m

Total duration of night wakings (mins)

61 nights
not displayed

0O 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170
Observation nights

A = Antecedent modifications; Ci = Circadian modifications; Co = Consequence
modifications; STFU = short-term follow-up; LTFU = long-term follow-up; @ followed by a
number represents the number of days follow-up commenced following intervention.

Fig.3 Total duration of night wakings (mins) of autistic participants across baseline, interventions, and
follow-up phases
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number represents the number of days follow-up commenced following intervention.

Fig.3 (continued)

Sleep Problem Severity

Mean change in SPS scores across phases, is shown in Figs. 4a and b. At baseline
SPS scores were variable, ranging from 3-8 and 4-11, for autistic and RGND par-

ticipants respectively, confirming all were in the clinical range (>2) prior to inter-
vention. SPS scores reduced post-treatment for all participants (baseline: autism
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M=5.2, SD=1.9; treatment: autism M=1.4, SD=1.1; baseline RGND M=84,
SD=2.9; treatment M =3, SD=1.9). Data were only available for 2/5 autistic partic-
ipants and 3/5 participants with RGND at STFU and 3/5 participants for both groups
at LTFU. For these participants, SPS scores remained below baseline levels, how-
ever, there was a very small deterioration in SPS scores between STFU and LTFU.
Overall, the baseline mean SPS score of 6.8 (SD=2.9) reduced to 2.2 (SD=1.7),
3.1 (SD=3.6) and 2.3 (SD=2.2) at post-treatment, STFU and LTFU respectively.

Figure 4a and b also display the Cohen’s d,, effect size, 95% CI and PSES for
SPS for combined autism and RGND groups. From baseline to post-treatment the
effect is large (d,,=-1.96; 95% CI=-3.1, -0.8; PSES =98%). This was maintained
at STFU (d,,=-1.08; 95% CI=-1.9, -0.2; PSES=92%) and LTFU (d,,=-1.59; 95%
CI=-2.8,-0.4; PSES=96%).

Children’s Sleep Habits Questionnaire

Change in CSHQ scores from baseline to post-treatment is shown in Online
Resource 6. Seven out of ten parents of participants (5/5 RGND; 2/5 autism) com-
pleted the CSHQ at pre- and post-treatment. At baseline CSHQ scores were vari-
able (autism range 41-58; RGND range 47-71) though all were in the clinical range
(>41). These scores reduced post-treatment for all but one participant (Miri). Mean
CSHQ scores reduced post-treatment for autistic and RGND groups (baseline:
autism M=51.4, SD=6.47; treatment: autism M =40, SD=2.0; baseline RGND
M=56.6, SD=8.59; treatment RGND M=47.2, SD=6.31). These post-treatment
scores were below the clinical cut-off for autism only. Figure S4 also displays the
Cohen’s d,, effect size, 95% CI and PSES for the CSHQ scores (d,,=-1.33; 95%
CI=-2.3,-0.24; PSES =90%) demonstrating a large treatment effect.

Collateral Effects of Intervention

A summary of results from psychometrics measuring collateral effects are outlined
below. For specific psychometric results across participants refer to Table 2.

Child Behavior Checklist

Eight parents completed the CBCL at pre- and post-treatment (four autism; four
RGND). For RGND participants, mean changes in internalizing, externalizing
and total CBCL scores were negligible, with an increase in internalizing problems
(they remained in the borderline range), reduction in externalizing problems and no
change for total scores (both remained in normal range). By contrast, mean scores
reduced across all domains for participants in the autistic group. Mean CBCL total
scores reduced from the clinical to borderline range, internalizing problem score
from the borderline to normal range, and externalizing scores remained in the clini-
cal range. Mean total CBCL scores were higher for autistic participants compared
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Fig. 4 Modified Brinley plot showing participant change in SPS scores from baseline to post-treatment  p

to RGND at both pre- and post-treatment, suggesting autistic children had greater
behavioral, emotional and social difficulties, and greater collateral effects.

Parent Depression, Anxiety and Stress

Nine mothers (four autism; five RGND) and six fathers (two autism; four RGND)
completed the DASS-21 at pre- and post-treatment. There was a major floor effect
for the DASS-21, with scores consistently low (in the normal range) during baseline
for most parents. Post-treatment DASS-21 scores for all parents mostly remained
the same or similar to pre-treatment scores and estimate normal category levels
of symptoms. However, a considerable elevation is evident in the Stress scale for
fathers of children with RGND (M =2.8 to 7.0), suggesting paternal stress levels
increased following intervention, however, scores remained within the normal range.
On average, parents of autistic children had higher depression, anxiety, and stress at
both pre- and post-treatment compared to parents of children with RGND.

Parent Sleep Quality

Two and five sets of parents (mothers and father) of autistic and RGND participants
respectively, completed the PSQI pre- and post-treatment. For parents of children with
RGND, mean maternal scores were similar at pre- and post-treatment and remained
above the clinical cut-off, suggesting sleep remained poor. All paternal scores increased
from below cut-off (M=4.5) at pre-treatment to above cut-off (M=6.5) post-treatment,
suggesting a deterioration in paternal sleep quality. In comparison, PSQI scores of par-
ents of autistic children reflect improvements in parental sleep quality following interven-
tion. All maternal PSQI scores reduced from above cut-off at pre-treatment (M=10.5) to
below cut-off at post-treatment (M =4.3). Although to a lesser extent, mean paternal PSQI
scores also reduced following child sleep intervention. Overall, parental sleep quality was
generally poorer for parents of autistic children compared to RGND during baseline, and
differences between groups could be due to a floor effect for RGND parents.

Parent Relationship Quality

Two and three sets of parents of autistic and RGND participants respectively, com-
pleted the RQI at pre- and post-treatment. There was a ceiling effect on the RQI
for parents of children with RGND, with all scores estimating high levels of rela-
tionship quality pre-treatment. No notable changes in total RQI scores were evident
post-treatment, with most remaining the same. Results were mixed for parents of
autistic children. Mean maternal scores reduced following intervention, suggesting a
deterioration in relationship satisfaction and their scores remained below the cut-off
estimating poor relationship quality, but mean paternal scores increased, remaining
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above the cut-off estimating good relationship quality. Overall, relationship satisfac-
tion was generally lower for parents of autistic children compared to RGND.

Treatment Acceptability

Parents of 8/10 children (seven mothers and two fathers) completed the TARF-
R. Subscale and total scores are displayed in Table in Online Resource 7. Total
acceptability scores ranged from 93.5 to 119. Mean total TARF-R scores are 102.1
and 107.5 for RGND and autistic groups respectively. Average ratings of parents
of children with RGND yielded higher scores in the Willingness (RGND=19.6;
autism=18.5) subscale, and lower scores in the Reasonableness (RGND=18.9;
autism=20.3), Side Effects (RGND=15.8; autism=19.5) and Disruption
(RGND =15.7; autism = 18) subscales, when compared to autism. In spite of some
variation, parents’ ratings yielded scores which suggest they perceived interventions
to be acceptable, understandable, and effective.

Interobserver Agreement (I0A)

IOA data were able to be calculated for 5/10 participants but not for the rest due to
problems with video recording and/or quality (4/5 participants), and lack of sleep
diary information (i.e., dependent variables not detectable to parents; 1/5 partici-
pants). Mean IOA was 86% (range, 80%—92%) across all study phases and behaviors.

Treatment Fidelity

Treatment fidelity was calculated for 30%—100% of nights across phases. Mean
treatment fidelity was 74% (range 29%—100%). For 7/10 participants treatment fidel-
ity scores were similar across study phases but for 2/10 participants (Heath and Rob)
treatment fidelity increased and 1/10 (Sue) decreased from treatment to follow-up.
Mean treatment fidelity was 72% and 79% at STFU and LTFU respectively. Treat-
ment fidelity varied across diagnostic groups, with a mean treatment fidelity of 87%
and 53% for autism and RGND respectively. Treatment fidelity was low (e.g., 29%
and 57%) for two participants with RGND (Miri and Sue). Mean treatment fidelity
for RGND excluding their scores was 68%.

Discussion

This study evaluated the effectiveness and acceptability of behavioral interventions
explicitly planned based on the principle of less restriction for sleep problems in
autistic children and children with RGND. The collateral effects of these interven-
tions on children’s daytime behavior, and parental wellbeing, sleep, and relationship
quality were also evaluated. Results indicated that less restrictive behavioral inter-
ventions were effective in reducing sleep problems across all NDD, although col-
lateral effects varied.
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As reflected in prior research, problems with initiating and maintaining sleep
were the most identified difficulty (Krakowiak et al., 2008; Richdale & Schreck,
2009; Woodford et al., 2021). Across children, sleep problems were underpinned by
a combination of behavioral factors and circadian dysregulation and were frequently
underpinned by an absence of appropriate discriminative stimuli for sleep, e.g., vari-
ation in sleep setting and inconsistent routines. Consequences (i.e., contingencies
of reinforcement) that consistently played a role in the maintenance of sleep prob-
lems were parental attention, access to tangible items such as devices, toys and food,
and in one case, avoidance of bed. Insufficient sleep pressure, both a precursor and
product of circadian dysregulation, was also a common precipitating factor to sleep
disturbance across participants.

Interventions used in this study and explicitly selected using the less restrictive
alternative principle, included a combination of sleep/wake rescheduling strategies,
sleep hygiene modifications, visual supports, and rewards. These interventions were
effective in reducing sleep problems across all participants, including SOL, CCs,
NWs, bed-sharing and EMW. Although the frequency of NWs did not fully resolve
in those with RGND, the duration reduced considerably, as did bed-sharing, sug-
gesting that children with RGND learned to settle independently and expeditiously,
following a NW. Improvements remained at follow-up for six/seven participants.
Nine participants (90%) required some form of circadian modification (e.g., elimi-
nation of daytime naps, sleep/wake rescheduling), with circadian modification alone
effective in reducing sleep problems such as NW in two participants (Sally and
Rick). It is likely circadian modifications altered motivation for sleep (i.e., increased
the reinforcement value of sleep) through an increase in homeostatic sleep pressure
(Laraway et al., 2003; Piazza et al., 1991, 1997). Furthermore, modifications of
sleep hygiene are likely to have improved sleep by creating consistent discriminative
stimuli for sleep onset and offset, as well as a sleep-facilitative bedtime routine and
bedroom environment (Blampied & Bootzin, 2013).

Prior research has demonstrated the effectiveness of behavioral interventions for
sleep, but typically including extinction or modified extinction procedures (Piazza
et al., 1991, 1997; van Deurs et al., 2019). Our results suggest that less restrictive
interventions, as defined in this study, may be an effective alternative to extinction-
based procedures, even among behaviors that appear to be maintained by social
attention and access to tangible items. These findings are consistent with limited
research that has demonstrated the effects of antecedent modifications including cir-
cadian manipulations in treating sleep disturbances in autistic children (Christodulu
& Durand, 2004; van Deurs et al., 2019, 2021) and children with RGND (Piazza
et al., 1991, 1997).

The preliminary comparisons possible in this study suggest that there were dif-
ferences in sleep problem type and topography between RGND and autism groups.
Generally, those with RGND had greater problems with SOL, NWs and bed-sharing
at baseline, while those with autism had greater problems with CCs and EMW. The
determined function(s) of the sleep problems also varied, with access to devices
more common among autistic children and social attention among those with
RGND. Further, overall sleep problem severity was greater in children with RGND,
possibly reflecting the multitude of causal factors that may underpin sleep problems
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in this group (Stores, 2016). The extent to which these differences reliably charac-
terise autistic children versus those with RGND remains to be determined by further
research.

Research has reported that parents of autistic children perceive behavioral sleep
interventions to be acceptable (McLay et al., 2017; McLay, France, Blampied, van
Deurs et al., 2021; McLay et al., 2019a, b; van Deurs et al., 2021), however, research
is limited with children with RGND (Allen et al., 2013). This study demonstrates that
parents of autistic children and children with RGND find parent-implemented less
restrictive behavioral interventions to be acceptable. Parents of children with RGND
found the interventions to be more disruptive and to have more side effects when
compared to those parenting autistic children. While the small sample limits the
robustness of these findings, it is possible that they reflect the complexity of manag-
ing sleep problems in children with RGND and the correspondingly increased paren-
tal burden associated with implementing a behavioral sleep intervention (Beresford
et al., 2016; Priday et al., 2017).

The collateral effects of less restrictive interventions on child behavior, and parent
relationship quality, well-being and sleep were mixed (Hunter et al., 2020; Malow
et al., 2014; McLay et al., 2021a, b, c). Results suggest that sleep intervention may
have a positive effect (i.e., reduction) on internalizing and externalizing symptoms
in autistic children, a finding consistent with that of existing research (Hunter et al.,
2020; McLay et al., 2021a, b, c). However, changes in internalizing and external-
izing symptoms were mixed in children with RGND. This difference across groups
could be associated with the additional comorbidities within children with RGND,
many of which may not be directly influenced by sleep (e.g., medical, biological,
and physical issues), although further replication is required to establish the reliabil-
ity of these observations (Hunter et al., 2020; McLay et al., 2021a, b, ¢).

Although a small sample size limits the inferences that can be made, findings
suggest that parent relationship quality, and depressive, anxiety and stress symptoms
were largely unchanged following intervention, likely due to ceiling and floor effects
respectively. The exception to this was stress which worsened over treatment among
fathers of children with RGND, as did sleep quality. It is possible that this reflects
increased involvement of fathers in sleep intervention, as a result of this study. How-
ever, improvements in sleep were evident in both mothers and fathers of autistic
children.

Clinical Implications

These findings have several important clinical implications. Firstly, the data indicate
a wide range of factors, including precursors to sleep problems (e.g., environmental,
circadian, medical and intellectual factors), in addition to sleep interfering behav-
ior (e.g., device use, attention seeking), need to be considered in the assessment
and treatment of sleep problems in children with NDD (McLay, France, Blampied,
van Deurs et al., 2021). Secondly, results suggest that the strategies implemented in
this study may be minimally sufficient for the treatment of sleep disturbance and
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confirm that there are effective less restrictive alternatives to extinction-based pro-
cedures. Lastly, data suggests that there is potential for behavioral sleep intervention,
to address a range of co-occurring behaviors characteristic of children with NDD, as
well as parent-related variables (e.g., sleep in parents of autistic children) (Stores,
2016). With parents of children with NDD experiencing increased stress, likely
exacerbated by challenging child behavior and vice versa, such findings highlight
the importance of considering these variables in treatment (Hunter et al., 2020).

Limitations

There are several limitations to this study which should be considered. Firstly, treat-
ment fidelity was low, specifically in those with RGND. Low treatment fidelity can
not only negatively impact treatment outcomes but reduces the ability to attribute
outcomes to the interventions and opportunities for replication of interventions in
future studies (Miller & Rollnick, 2014). However, there was an obvious difference
in treatment response in those families who adhered to the treatment programme
and those who did not. For example, there was a lapse in treatment adherence near
the end of intervention for Miri, which resulted in deterioration in bed-sharing and
NW. Second, this study evaluated the effectiveness of individualized and multi-
component interventions in most cases, which precludes evaluation of the effective-
ness of individual treatment components. Third, interventions were time intensive
and required considerable clinical support, which is not always readily available in
clinical settings. Fourth, a detailed understanding of the child’s health status, how it
fluctuated throughout intervention and the impact on treatment response was lack-
ing. Finally, the number of replications was small and small sample sizes precluded
formal quantitative comparison across groups. The degree to which the children
and families studied here are representative of children and families with NDD is
unknown, and therefore, the generality of the findings can only be determined by
direct, systematic, and clinical replication.

Recommendations for Future Research

Future research should separate treatment components further so that circadian
and antecedent modifications are staggered, enabling researchers to determine
what components are necessary and sufficient for positive change. In addition,
research should consider the degree to which medical, biological and intellec-
tual factors predict and moderate children’s response to behavioral sleep interven-
tions, through quantification of complexity (both of child presentation and family
structure and circumstances). Evaluation of the relationship between these factors
and treatment process and outcome would help enhance generalizability. Further-
more, research is needed to determine whether sleep intervention has collateral
effects on a range of child and parent variables (e.g., child behavior, parent well-
being), specifically in children with RGND. The impact on medical and biologi-
cal factors (e.g., health-related quality of life, the circadian rhythm of melatonin;
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Woodford et al., 2021) should also be assessed, to further evaluate the interface
between the biology and behavioral context of sleep. Finally, future research with
direct, systematic, and clinical replication is needed to establish best practice
with respect to sleep interventions for children with NDD (McLay et al., 2021;
Woodford et al., 2021).
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