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The effect of compression on
repetitive behaviors and task
participation in children with
autism spectrum disorder

Jennifer B. Grandits*, Hanna W. Kent, Sarah M. Sanborn and
June J. Pilcher

Department of Psychology, Clemson University, Clemson, SC, United States

Compression clothes are marketed to relieve anxiety and decrease hyperactivity
in children with autism. However, few studies have examined the impact of
compression for individuals with autism spectrum disorder (ASD). In this study,
nine children with autism were observed during Applied Behavioral Analysis
therapy sessions while wearing compression clothing. The participants were
randomly assigned to wear compression clothing for either their first five sessions
or their last five sessions. Videos of the therapy sessions were reviewed and each
child’s “off task” behavior was identified in the following domains: motor, verbal,
and visual. In addition, frequency of the child’s repetitive behaviors and external
visual stimuli were recorded. The compression clothes failed to increase task
participation or reduce the participants’ repetitive behavior suggesting that the
clothing may not contribute to professional practice of ABA therapy.
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Introduction

Autism spectrum disorder (ASD) is a neurodevelopmental disorder that is associated with
challenges involving social communication and restricted or repetitive behaviors (American
Psychiatric Association, 2013). The Centers for Disease Control and Prevention estimates that
1 in 36 children are diagnosed with ASD and boys are four times more likely to be diagnosed
than girls (Maenner et al., 2020). Within the ASD population, there is significant heterogeneity
in symptoms (Hassan and Mokhtar, 2019).

One of the criteria for diagnosing ASD in the fifth edition of the Diagnostic and Statistical
Manual (American Psychiatric Association, 2013) is the presence of restricted and repetitive
behaviors (sometimes referred to as stereotypical behaviors). Repetitive behaviors are repetitive
movements or sounds such as body rocking, spinning, hand flapping, head-nodding, echolalia
(i.e., repeating sounds) and object tapping, among others (Rosenthal-Malek and Mitchell, 1997).
ASD is diagnosed in the DSM 5 along with severity level. Determination of ASD severity is based
on the degree of support required as a result of social communication impairments and
restricted, repetitive patterns of behavior. When determining the degree of impairments related
to restricted and repetitive patterns of behavior, clinicians are encouraged to evaluate hyper- or
hyporeactivity to sensory input or unusual interest in sensory aspects of the environment (e.g.,
indifference to pain, adverse response to specific sounds or textures, excessive smelling or
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touching of objects, visual fascination with lights or movement;
American Psychiatric Association, 2013).

These repetitive behaviors vary among individuals and can change
over time (Militerni et al., 2002). They are also shown to interfere with
learning in children with ASD (Koegel and Covert, 1972). The cause
for these mannerisms has yet to be determined, perhaps due to the
large focus on the social deficits of ASD (Lewis and Bodfish, 1998).

One mechanism used to explain the presence of repetitive
behaviors observed in ASD is that these behaviors are the product of
operant conditioning (Lovaas et al., 1987). This explanation posits that
the learned behaviors elicit some type of reinforcement, as a direct
result of the behaviors themselves or due to the behaviors involvement
in a particular setting (e.g., disengaging with an unpleasant stimulus).

Another suggested mechanism is that repetitive behaviors are
used to regulate homeostasis. The homeostatic equilibrium theory
suggests that all organisms tend to regulate their internal conditions.
Some researchers have suggested that individuals with autism use
repetitive (i.e., stereotypical) behaviors as a mode of regulating over
or under arousal (Hodgetts et al., 2011). In this theory, children’s
behaviors are seen as serving the function of either activating or
deactivating their endogenous system.

Other proposed mechanisms for repetitive behaviors in
individuals with autism includes the presence of anxiety-related
processes (Lovaas et al., 1971; Rodgers et al., 2012; Lidstone et al.,
2014). For example, parents of children with autism report that higher
levels of child anxiety correlate with higher levels of repetitive
behaviors (Sukhodolsky et al., 2008). Similarly, in a study with adults
on the spectrum, participants self-reported the primary function for
their repetitive behavior was managing emotions such as stress,
distress, and excitement (Lovaas et al., 1971; Manor-Binyamini and
Schreiber-Divon, 2019).

It is important to note that recent literature and information from
autistic self-advocates that these repetitive behaviors are important for
autistic individuals to calm themselves or communicate feelings and
this study is not intending to limit or “reduce” the presence of these
movements (Kapp et al., 2019) rather to determine if compression
garments may benefit the potential underlying causes (i.e., anxiety) in
autistic individuals.

Therapies for children with ASD

One of the most common therapies recommended for individuals
with autism is Applied Behavior Analysis (ABA) therapy. ABA therapy
utilizes positive reinforcement to teach social skills, reduce
maladaptive behaviors, and advance independent living skills. During
ABA therapy sessions, therapists assess the child’s needs and create an
individualized plan, utilizing various techniques such as discrete trial
training, natural environment training, and functional
communication, to address specific behaviors. One survey of
participants primarily from the United States suggested that over 50%
of individuals with autism received some form of ABA therapy (Green
et al, 2006). When introduced early, this therapy is an effective
intervention for individuals with autism that addresses language and
emotional skills, cognition, and maladaptive behavior (Smith et al.,
1997; Orinstein et al., 2014; Vietze and Lax, 2020). Depending on the
severity and type of symptoms, children with autism can

be recommended various amounts of ABA support, ranging from 5 to
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40h of ABA therapy a week. To benefit the most from ABA therapy,
individuals with ASD need to remain engaged with the content.

Individuals with autism often have difficulties staying on task and
attending to information in educational and therapy settings (Patten
and Watson, 2011). Compared to their typically developing peers,
children with autism engage in less task participation (Hilton et al.,
2008). However, little research has been conducted to identify
strategies for better managing behaviors and task participation in
education and therapy settings for individuals diagnosed with
ASD. Most previous research has focused on problems with student
motivation, teaching strategies, and ineffective consequences for
academic behavior (Meindl et al., 2020). Few studies have examined
the role that sensory sensitivities (or treatment of sensory sensitivities)
play in therapy engagement.

Another common therapy used for individuals with ASD is
sensory integration therapy (SIT). SIT is often offered in occupational
therapy settings and includes exercises or activities that affect the
sensory experience of the individual (Ayres, 2005). Common SIT
therapies include deep pressure, joint compression, and weighted vests
(Devlin et al., 2011). A recent review of evidence-based practices for
individuals with ASD shows that the impact of SIT has been examined
in the following domains: cognitive, communication, motor, social,
academic performance, self-help, and challenging behaviors (Hume
etal, 2021). However, there is on-going debate in the literature on the
effectiveness of SIT in treating ASD (Schreck and Miller, 2010; Lang
et al., 2012). Despite the debate in the scientific community, many
parents with a child diagnosed with ASD have tried some type of SIT
for their child. For example, in a large survey study examining
common therapies for ASD, SIT was second only to ABA as the most
commonly used treatment for ASD (Bowker et al., 2011).

A common form of SIT is deep pressure therapy (DPT). Deep
pressure therapy includes massage, weighted vests, blankets, and
compression clothing. There is some evidence that deep pressure
therapy including hugging and massage leads to reduced anxiety and
increased engagement in individuals with ASD (Edelson et al., 1999;
Bestbier and Williams, 2017). DPT devices, like weighted vests, are
thought to activate arousal by providing input in a similar manner to
homeostatic function thus providing the increase or decrease in
stimulation needed (Hodgetts et al., 2011). As children with autism
often have difficulties with on-task participation and repetitive
behaviors, DPT may affect arousal levels and therefore enhance
attention and performance of children with autism (Turner, 1999).

Although weighted vests are currently used by many children on
the spectrum, studies that examine the effectiveness of these
instruments yield inconclusive results. One study with six children
studied the effect that weighted vests had on heart rate and
stereotypical behaviors (Hodgetts et al., 2011). Both heart rate and
stereotypical behaviors were unchanged when wearing weighted vests.
Similarly, weighted vests do not appear to decrease self-injury
behaviors (Doughty and Doughty, 2008). Conversely, other studies
found a positive impact of using weighted vests. Fertel-Daly et al.
(2001) found that weighted vests led to an increase in attention and
decrease in self-stimulatory behaviors in five children with pervasive
developmental disorders. Additionally, they found that the weighted
vest contributed to a decrease in distractibility.

Compression clothing is also marketed as a tool that provides a
calming effect that helps individuals

cope with sensory

overstimulation. Yet, little research has been done to determine if
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compression garments produce any effects on children with autism.
To our knowledge, there are only two studies that have examined the
effect of compression clothing. In a longitudinal study with 14
participants with ASD (7 children/adolescents with ASD and 7 adults
with ASD), the researchers found that wearing compression clothing
resulted in a significant decrease in challenging behaviors. Postural
control and motor performance were also significantly improved
(Guinchat et al., 2020). The second study examined the impact of
compression vests in three children with ASD (Losinski et al., 2017).
This study used an alternative treatment design with three
experimental conditions, including a compression vest, a weighted
blanket, and antecedent exercise, to determine their effects on
stereotypical behavior and attention to task. The weighted blanket and
compression vest did not have a significant effect on stereotypical
behavior or attention (Losinski et al., 2017). Due to the limited
number of studies and the small sample sizes that are often taken due
to the demanding nature of the research, it is imperative that more
research be conducted on the effectiveness of compression garments
and to examine potential interaction effects between ABA therapy and
deep pressure therapy.

The aim of the current study was to examine the clinical
effectiveness of compression garments on task participation and
repetitive behaviors in children with ASD during their regularly
scheduled ABA therapy sessions. Based on the homeostatic
equilibrium theory, we predicted that the compression clothing would
reduce repetitive behaviors and decrease off-task behaviors. Additional
exploratory analyses were conducted to examine whether compression
clothing affected how external visual stimuli (e.g., non-therapist such
as parents, siblings, etc.) impact repetitive behaviors and
task participation.

Method
Participants
Nine children (six boys and three girls), between the ages of 4 and

12 (M=6.3yrs.; SD=2.5), took part in the study. All participants were
recruited through ABA service providers. Each child was diagnosed

10.3389/fpsyg.2023.1292439

with autism spectrum disorder, as confirmed by their ABA service
providers and parents.

Procedure

Before the study took place, a research assistant met with the
family to answer questions, obtain informed consent from the parent
and informed assent from the child, fit the child with the compression
garments, and instruct the parents on how to dress their child for the
therapy sessions. All children were provided with a long-sleeve
compression shirt and a pair of long compression pants, from the
brand Kozie Clothes, to wear during the study. The compression
clothing consisted of 90% nylon and 10% spandex material with
4-way stretch. Both the shirt and pants were available to the
participants in five sizes: XS, S, M, L, and XL. The largest shirt that
clung firmly to the torso was considered an appropriate “fit” for the
child’s top. Pants were considered the appropriate size when fabric
puckering was eliminated. Parents were asked to dress their child in
the compression garments under their typical clothes for half of the
therapy sessions. After receiving family consent, approval was
obtained from the directors of the ABA clinics to video record the
participants’ therapy sessions. Their regular ABA therapists reported
a list of repetitive behaviors that each child normally presented, and
the researchers confirmed these behaviors when reviewing the videos
(see Table 1). Participants did not receive compensation for taking
part in the study.

A within-subject study design was used to observe the effects
of compression clothing on attention and repetitive behaviors
during 10 ABA therapy sessions. During half of the sessions, each
participant wore compression shirts and pants. There were two
groups in the study, group 1 (n=6) wore compression clothes for
their first five ABA therapy sessions and wore their typical
clothing for the last five therapy sessions.' Group 2 (n=3) wore

1 Due to variability in symptom severity, there was variability in the length of

time that passed between therapy sessions among participants.

TABLE 1 Common repetitive behaviors and external stimuli for each participant.

Participant number =~ Common repetitive behaviors

Participant 1

blowing

Hand waving, rubbing face with hands, knocking on the table, and pursing lips together and

Common external stimuli

Additional therapist

Participant 2 Rubbing various body parts with hands and feet.

Siblings and an additional therapist

Participant 3

Hand flapping, rubbing hands together, and bouncing legs.

No common external stimuli observed

Participant 4

Rocking, hand and feet flapping, pacing, spinning, and moving objects

Sibling

Participant 5

Hand flapping, leg bouncing, toe walking, humming, and moving head

Additional therapist

Participant 6

Rocking, bouncing in chairs, hand flapping, sucking air between her teeth, and screaming

No common external stimuli observed

Participant 7
(e.g., body parts, clothing) and waving hands

Bringing objects close to eyes, hand flapping, rocking, rubbing hands on different objects

Family members and a cat

Participant 8 No reported repetitive behaviors*

Family members and an additional therapist

Participant 9 No reported repetitive behaviors*

Family members and an additional therapist

*Although there were no repetitive behaviors reported by ABA therapists that were consistent in nature across therapy sessions for participant 8 and 9, there were behaviors that met the

current authors’ definition of repetitive behaviors (i.e., repeated in 155, apparently purposeless, and not better explained by other movement disorders; Meindl et al., 2020). As with all

participants, these behaviors (along with common or stereotyped behaviors) were included in the coding of repetitive behaviors.
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their typical clothing for the first five ABA therapy sessions and
the compression clothes for the last five sessions. Each participant
was randomly assigned to either group 1 or group 2 using an
online random number generator.” During each therapy session,
the therapists were instructed to set up a video camera and tripod
to record the first five minutes of the child’s therapy session, 5 min
in the middle of the child’s therapy session, and 5min at the end
of the therapy session. Therapists were also instructed not to alter
the child’s therapy routine while filming. Sessions took place
either at the participants’ home or in an ABA clinic. Eight of the
9 participants engaged in their ABA therapy sessions in their
homes and one participant’s therapy took place in the clinic. This
is consistent with previous research that documents most ABA
therapy takes place in the home setting (Love et al., 2009). During
the sessions, the children were filmed performing various tasks
assigned by the therapist such as reading, practicing handwriting,
ball, and numerous

answering questions, bouncing a

other activities.

Coding

In order to look at “off task” behavior, only therapy sessions where
the child was given a task to complete by the therapist were coded (in
order to ensure consistency across participants). All 5-min, video
sessions were uploaded and coded through the software, Elan. For
each video, visual off-task behaviors, motor off-task behaviors, and
verbal off-task behaviors were coded in 15-s intervals; repetitive
behaviors and visual external stimuli were coded as present in
5-s intervals.

Task participation

Task participation was coded based on visual, motor, and
verbal behavior. When off-task behavior occurred for most of the
15-s segment (i.e., 7.5s or longer), it was applied to the entire
interval. Intervals were not coded in instances where the child
was not captured on video for more than half of the 15-s interval
(i.e., absent from the video for more than 7.5s) or in instances
where the child did not have a specific task to focus on (for at
least 7.5s) or they had been given a break (e.g., given a reinforcer
or verbally told by therapist that they were on a break). The
identification of “off task” behaviors differed between behaviors
and is described below and was not mutually exclusive
or exhaustive.

Visual off-task behavior

Off-task visual behavior was coded when the child’s eye
movement focused on something unrelated to the task, such as
looking away, making eye contact with other people or objects,
or closing their eyes. To determine the degree of interrater
reliability for all off-task behavior, a second rater coded all 5-min

2 No order effects (due to group assignment) were observed for the
dependent variables (i.e., visual off-task behavior, motor off-task behavior,
verbal off-task behavior, and repetitive behavior) so order was not included in

the analyses.
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video segments for two participants. Interrater reliability for
visual off-task behavior was high with a raw score agreement
of 0.835.

Motor off-task behavior

Off-task motor behaviors were coded as behaviors that include
any physical movements, unrelated to the assigned task, such as
standing up, hand flapping, talking, or fidgeting. Interrater reliability
was high with a raw score agreement of 0.830.

Verbal off-task behavior

Off-task verbal behavior was coded when vocalizations, not
required during the task, were made such as screaming, crying,
humming, or inappropriate/out of context utterances. Interrater
reliability was high with a raw score agreement of 0.830.

Scoring participation

To allow for comparison across participants, the off-task
behaviors described above were converted into percentages. For
each five-minute video, the total number of intervals that included
off task behavior was divided by the total number of 15-s intervals
that were codable (i.e., all 15-s intervals, excluding intervals coded
as no task or null). This yielded three percentages for each 5-min
video clip: Percentage Visual Off Task, Percentage Motor Off-task,
and Percentage Verbal Off-task. For each participant, all of the
percentages were averaged for the 5-min video clips when the
child was wearing the compression garments yielding three
additional variables: Percentage Visual Off-task for Compression,
Percentage Motor Off-task for Compression, and Percentage Verbal
Off-task for Compression. For comparison, all of the percentages
were averaged for the 5-min video clips when the child had on
their typical clothes (i.e., without compression) yielding three
additional variables: Percentage Visual Off-task for Control,
Percentage Motor Off-task for Control, and Percentage Verbal
Off-task for Control.

Repetitive behaviors

Using Elan, the 5-min video clips were also coded for the
frequency and type of repetitive behavior for each participant. The
behavior was documented if the movement or vocalization was (1)
repetitive in nature, (2) could repeat in 15s (even though the
videos were coded in 5-s intervals), (3) were apparently
purposeless, and (4) not better explained by other movement
disorders (such as tics, chorea, or dystonia) or paroxysmal event
(epileptic or non-epileptic) (Meindl et al., 2020). This yielded the
total number of repetitive behaviors for each child in each session
and the percentage of the session that included repetitive
behaviors for each child. See Table 1 for a list of common repetitive
behaviors for each child. Interrater reliability (i.e., kappa) was high
with a raw score agreement of 0.821.

External visual stimuli

The length of external stimuli present during each therapy session
was also observed. External stimuli were defined as any person or
animal, other than the therapist, participant, and any other individual
that was directly involved in the task and visible to the coder for the
majority of the five-second interval (see Table 1). Interrater reliability
was high with raw score agreement of 0.941.
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Results
Task participation

Three paired-samples t-tests were conducted to explore differences
in off-task behavior (i.e., visual behavior, motor behavior, and verbal
behavior) between the treatment and control condition. There was no
significant difference between the treatment and control conditions
for visual off-task behavior, motor off-task behavior, or verbal off-task
behavior (see Table 2).

Repetitive Behaviors

Another paired-samples t-test was conducted to examine
differences in repetitive behaviors between the treatment and control
conditions. There was no significant difference between the treatment
and control conditions for repetitive behaviors (see Table 2).

External visual stimuli

Pearson correlations were used to explore the relationship
between visual distractors and behavior (i.e., off-task behavior and
repetitive behavior) in both the treatment and control conditions.
There were no significant relationships between external visual stimuli
and behaviors for the treatment or control condition (see Table 3).

Discussion

This study assessed the effect of compression clothing on task
participation and repetitive behaviors in children with autism. As deep
pressure therapy has shown to reduce anxiety and increase engagement
and responsiveness, we hypothesized that this specific form of deep
pressure therapy (compression garments) would increase task
participation and decrease repetitive behaviors (Edelson et al., 1999;

TABLE 2 Results of paired samples t test between control and treatment.

Behaviors

Without compression

With compression

10.3389/fpsyg.2023.1292439

Bestbier and Williams, 2017). However, off-task behaviors (visual,
motor, verbal) and repetitive behaviors did not differ between
conditions (compression clothing and no compression clothing) in the
current study. The findings of this study suggest that compression
garments do not have a positive or a negative effect on task
participation or repetitive behaviors among children on the
autism spectrum.

Additionally, we explored whether compression affects the impact
that external visual stimuli have on repetitive behaviors and task
participation in children with ASD. Again, the garments did not alter
the influence that external visual stimuli had on repetitive behaviors
and task participation. These findings could be related to the garments
not having a direct effect on participation and therefore not specifically
contributing to the external visual stimuli.

The results of this study are consistent with previous studies
investigating compression garments. The current results using nine
participants during ABA sessions supplements the findings from
the Losinski et al. study which included three participants and
took place in a school setting. The current study included a larger
and more diverse sample size of which the results still replicated
the previous findings (Losinski et al., 2017). These outcomes
suggest that further research is needed to determine the
effectiveness of compression garments in treating individuals
with ASD.

Limitations and future directions

Although this study contributed to the limited research
surrounding supportive devices for individuals with autism, several
limitations should be noted. First, although our sample size was three
times larger than previous studies of compression garments, the
sample size was still small. Therefore, the power to detect effects in this
sample was limited. It is important to note, however, that though the
sample size was small, the observed off-task behaviors occurred on
average more when compression was used than when compression
was not used. In other words, the means do not suggest that

Cohen’s d

Visual off-task behavior 0.34 0.32 0.45 0.37 0.99 6 0.360 0.37
Motor off-task behavior 0.42 0.23 0.50 0.25 1.19 6 0.280 0.45
Verbal off-task behavior 0.20 0.21 0.22 0.11 0.24 6 0.819 0.09
Repetitive behaviors 0.32 0.23 0.31 0.17 —0.19 7 0.855 —0.07

TABLE 3 Correlation group results of off-task behaviors, repetitive behaviors, and external stimuli.

1. External visual stimuli -

2. Visual off-task behavior —0.452 -

3. Motor off-task behavior —0.134 0.864* -

4. Verbal off-task behavior —0.354 0.795 0.386 -

5. Repetitive behavior —0.065 0.756* 0.567 0.823*

Correlations for the treatment condition are above the diagonal (in gray) and correlations for the control condition are below the diagonal. **¥p <0.001; ** p <0.01; * p <0.05.
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compression decreases off-task behavior or repetitive behaviors even
if the sample size was increased.

Similarly, it is possible that the compression garments were
effective for some of the participants. The researchers were unable to
account for the impact of individual differences (e.g., gender, ability,
sensory sensitivities) on the effectiveness of the compression clothing.
Therefore, this study could serve as a preliminary investigation to
be replicated with a larger sample which would allow individual and
gender differences to be analyzed.

Additionally, our study consisted of a relatively diverse sample
with varied age and levels of autism severity. Therefore, participants
did not engage in exactly the same activity across timepoints. Future
studies could hold the environment and the task consistent to help
identify more nuanced differences in behavioral outcomes. Moreover,
as these garments did not hinder the task participation of the
participants or increase the frequency of repetitive behaviors, it is
important to determine if they have an additional effect on other
behaviors such as mood or anxiety levels. Future research is needed to
explore various other effects of these garments and their effects on
other behavioral measures and in other populations.

There were also limitations in the sizing of the compression
clothes used in the current study. The compression garments were
fitted at the torso, but there was variability in how the clothes clung to
the arms and legs. Since the individual measurements of the children
were not taken, additional research is needed with garments that are
specifically designed to each child’s specifications.

Additionally, as the treatment condition only took place for five
therapy sessions, it is important to consider that more time wearing
the garments could have been needed to see the potential impact of
the garments. As such, a future longitudinal study could be used to
identify change over time, indicating whether there is an optimal
application of the compression garments.

Finally, in this study, no qualitative information was solicited from
the participants. In the future, the children should be asked about
their experience with the compression garments. It is possible that the
compression helped the children in meaningful ways that were not
examined (or in contexts that were not explored).

Implications for therapy practice

As compression garments are a type of sensory integration tool
and may be used with individuals with autism, there are several
implications that should be noted. First, occupational and ABA
therapists may consider other interventions to address repetitive
behaviors and task participation in children with autism until more
research supports the use of these clothing. However, if children
with autism prefer to wear these garments, therapists may choose to
allow individuals to wear them as they do not interfere with
task participation.

Conclusion

The current study found that compression garments had no
significant effect on task participation and repetitive behaviors in
children with autism. As such, if these garments are preferred by
individuals, they can be used since they do not seem to negatively
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impede task participation or increase repetitive behaviors. To date,
this is the first study which examined how compression garments
affected repetitive behaviors and task participation during ABA
therapies. The current findings support the only other study
investigating compression clothing (Losinski et al, 2017),
suggesting that compression clothing do not have a positive
therapeutic effect. Although more research is needed, the research
to date suggests that therapists and parents should consider the
potential usefulness of compression clothing prior to making a
monetary investment.
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