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Abstract
Objectives Self-injurious behavior (SIB) refers to any repeated self-directed, non-suicidal, behavior that may cause or has the
potential to cause physical harm to the person’s body. Behavioral interventions provide the standard evidence-based treatments
for SIB by people with autism spectrum disorder (ASD) and intellectual disabilities (ID). Translating the proven effectiveness of
behavioral interventions to treatment of self-injury in community settings by clinicians and caregivers has not been totally
successful. The aim of the present study was to advance translational research by providing real-time telehealth consultation
to a treatment team at a community-based mental health agency that provided inpatient and outpatient services to individuals with
ASD and ID.
Method The participants of this single-case experimental study were three adolescents with ASD who had been referred for
services because of their increasingly unmanageable SIB both at home and at school. The telehealth consultant provided real-time
assistance to the treatment teamwithin a translational model of care in the development and implementation of a behavior support
plan and an informal mindfulness-based Soles of the Feet (SoF) program.
Results Both visual and statistical analyses demonstrated reductions in the frequency of SIB for all three adolescents, with overall
clinically significant reductions only with the SoF intervention.
Conclusion The results of this translational study suggest that telehealth consultation might be a viable technological alternative
in situations which preclude face-to-face consultation. Telehealth consultation could be one method of supporting people with
behavioral difficulties during pandemics, such as COVID-19.
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Self-injurious behavior (SIB) in autism spectrum disorder
(ASD) refers to any repeated self-directed, non-suicidal,
behavior that may cause or has the potential to cause phys-
ical harm to the person’s body. SIBmay take different forms

across individuals, including but not limited to head
banging, pinching, slapping, scratching, biting, eye poking
or gouging, hair pulling, and punching self. Risk factors for
SIB include severity of ASD, deficits in receptive and ex-
pressive language, comorbid genetic disorders, and changes
in life events (e.g., physical illness, change in caregiver,
separation from a significant person, assault from another
person, change in residence, physical and sexual trauma,
and various medical conditions). While its prevalence in
individuals with intellectual disabilities (ID) ranges from 4
to 30% (Hoch et al., 2016), it hovers around 30% for chil-
dren and adolescents with ASD (e.g., Duerden et al., 2012;
Lance et al., 2014; Soke et al., 2016).

A number of treatments have been researched for either
reducing or eliminating SIB in individuals with ID and
ASD. Historically, in the absence of effective treatments,
psychopharmacological approaches were used as default
treatments for the safety of the individuals, essentially to
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sedate rather than treat them (Aman & Singh, 1988).
Since then, research has shown that few psychotropic
drugs are truly effective without concomitant adverse ef-
fects in treating SIB (Deb, 2016), perhaps with the excep-
tion of risperidone (Aman et al., 2002) and possibly
aripiprazole in the short-term management of challenging
behavior (VanDerwall et al., 2021). Although several tri-
als of different medications have been undertaken, even
current psychopharmacological treatments are rarely
based on evidence of their purported mechanism of action
for treating SIB in individuals with ID and ASD. Studies
are needed that test specific hypotheses for the effects of
psychopharmacology on SIB, such as the study by Singh
et al. (1994) that tested if decreased dopaminergic neuro-
transmission leads to an increase in pica (i.e., SIB due to
inges t ing non-food i tems) in some individua ls
with intellectual and developmental disabilities (IDD).
Although not approved by the US Food and Drug
Administration (FDA) for this purpose, naloxone and nal-
trexone act as competitive antagonist at opioid receptor
sites and thus provide a testable hypothesis for their ef-
fects on SIB. Indeed, clinical cases and a few small stud-
ies attest to the possible effectiveness of these drugs
(Fischer et al., 2020) but await randomized controlled
trials to establish their efficacy.

At present, behavioral interventions provide the stan-
dard evidence-based treatments for SIB in ASD. Although
the evidence base varies by specific treatment procedures,
overall antecedent and consequence interventions are the
two most commonly used behavioral interventions. The
strength of evidence for behavioral treatments has been
classified based on the Kratochwill et al. (2010) criteria
for evidence-based treatments (see Hoch et al., 2016).
While no antecedent behavioral interventions can be rated
as having strong evidence, procedures that include non-
contingent reinforcement have moderate evidence.
Antecedent procedures with limited evidence include ma-
nipulating motivating operation-based interventions, use
of high probability instructional sequence, response
blocking, and fading the use of protective equipment. In
terms of consequence interventions, while no single pro-
cedure can be rated as having strong evidence, multi-
component procedures with the following as the primary
component meet the criteria for strong evidence:
punishment-based procedures (e.g., contingent use of
e lec t r ic shock, a romat ic ammonia , water mis t ,
overcorrection, and protective equipment) and differential
reinforcement-based procedures (e.g., differential rein-
forcement of other behavior, differential reinforcement
of alternative behavior, functional communication train-
ing). There is moderate evidence for punishment and dif-
ferential reinforcement procedures and limited evidence
for extinction-based procedures and non-contingent

reinforcement-based procedures when each of these pro-
cedures is used alone. However, punishment-based proce-
dures are now not recommended for the treatment of any
behavioral condition in any population for ethical reasons.

The relatively small literature on other approaches for
treating SIB in individuals with ID and ASD, such as
sensory integration therapy and conscious discipline,
have questionable evidence for their effectiveness
(Hoch et al., 2016). This means that behavioral inter-
ventions remain the treatment of choice. Even though
there is good evidence for the effectiveness of behav-
ioral interventions, there is a translational problem be-
cause the well-controlled published research has not
been found to be equally effective under real world
conditions when therapists are unable to control nonspe-
cific variables that potentiate the individual’s SIB.
These variables may include the individual’s private
events (including emotional state); the caregivers’ stress,
burnout, and compassion fatigue; and the behavior ana-
lyst’s limited experience with low frequency but high
intensity SIB of individuals with ASD at the severe
and profound levels of functioning. Such variables
may compromise the integrity and fidelity of implemen-
tation of an otherwise well-developed behavior analytic
intervention plan.

Recently, mindfulness-based interventions have emerged
as a viable intervention that can be used as an alternative to
or adjunctively with other interventions to produce behavior
change in individuals with ID and ASD (Singh & Hwang,
2020). Mindfulness-based interventions have been used in
three general ways to assist individuals with ASD: (1) teach
mindfulness-based programs directly to the individuals so that
they can achieve inhibitory control of their challenging behav-
iors; (2) teach mindfulness-based interventions to parents and
other caregivers with the expectation that the effects will cas-
cade or spillover to the individuals with ASD in their care; and
(3) teach mindfulness-based interventions to the parents and
other caregivers and the individuals with ASD in parallel so
that the effects on the individuals are enhanced by the cascad-
ing and spillover effects from parental and caregiver mindful-
ness and also from their own mindfulness practices (Singh &
Hwang, 2021).

Translational research refers to “bench-to-bedside” ap-
proaches that endeavor to harness knowledge gained from
basic research to developing therapeutics for patient care
(Woolf, 2008). A similar approach is beginning to emerge
with regard to translating behavioral and mindfulness-based
research to “patient care” by making it accessible through
telehealth behavioral consultation to individuals that need
these interventions. Skilled behavior analysts have used
telehealth as a means of conducting stimulus preference as-
sessments (Ausenhus & Higgins, 2019), conducting function-
al analyses of problem behavior (Wacker et al., 2013),
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delivering interventions to individuals with ID (Pellegrino
et al., 2020), and teaching caregivers (including parents and
teachers) to deliver well-designed behavioral programs
(Fischer et al., 2017; LeBlanc et al., 2020; Tomlinson et al.,
2018). During uncontrollable environmental and medical
events, such as the current COVID-19 pandemic, the use of
telehealth can be a saving grace for families and caregivers of
children and adolescents with ASD who evince intractable
SIB and aggression. The aim of the present study was to
extend translational research by providing real-time telehealth
consultation to a treatment team at a community-based mental
health agency that provided inpatient and outpatient services
to individuals with ID and ASD.

Method

Participants

Therapists

The therapists worked at a community-based mental
health agency that specialized in the treatment of individ-
uals with ID and ASD. The services were provided by a
multidisciplinary team of therapists including a behavior
analyst (BCBA-D), a psychiatrist with expertise in
neurodevelopmental disorders, a social worker, an occu-
pational therapist, and a registered nurse. The members
had been working as a cohesive team for over 7 years
and had a broad range of therapeutic skills. Clients were
admitted on a short-term basis (up to 2 months) for crisis
stabilization, assessment, development of a treatment
plan, and initial implementation of the plan and then
discharged with follow-up appointment. The discharge
plans included training of therapists of the receiving res-
idential agency, or of parents if the client was being
discharged to parental care.

Clients

The clients were three adolescents with ASD. They had been
referred for services by their school counselor because of in-
creasingly unmanageable SIB both at home and at school. The
school counselor had developed and implemented behavior
support plans for each of the adolescents, but outcome data
showed the plans were not very effective and the school dis-
trict decided that they needed additional assistance with these
adolescents. The school had previously used the outpatient
services of the community-based mental health agency for
their students with various psychological and psychiatric is-
sues, including ASD, and found their programs to be very
helpful. However, the school and the mental health agency
had limited success with these three adolescents. Because of

failure on successive admissions in the mental health agency’s
behavioral treatment of these three adolescents, the mental
health agency and school district requested telehealth consul-
tation for the treatment of self-injury exhibited by these three
adolescents who were due to be admitted as inpatients for the
fourth time.

Alex (client names are pseudonyms) was a 17-year-old
adolescent with ASD who functioned at the mild level of
intellectual disability and had a 12-year history of self-
injury. The topography of his self-injury included hitting
the head, face, and other body parts. Brandon was a 19-
year-old adolescent with ASD who functioned at the mild
level of intellectual disability and had an 11-year history
of self-injury that was sporadic at first and then occurred
on a daily basis. The topography of his self-injury includ-
ed arm and hand biting, and self-pinching. Charlie was a
13-year-old adolescent with ASD who functioned at the
mild level of intellectual disability and had a 5-year his-
tory of self-injury. The topography of his self-injury in-
cluded hitting his hand on hard objects and eye poking.
The adolescents did not have any diagnosed comorbid
psychiatric disorders and were not on any psychotropic
medications for their self-injury. This is not surprising
given that the prevalence of neuroleptic medication for
behavioral issues is only 6% (Lopata et al., 2013) in
higher functioning individuals with ASD, as in the present
study. Their most recent functional behavior assessments
based on the Questions about Behavioral Function
(QABF; Paclawskyj et al., 2000) rating scale produced
mixed motivations for their self-injury, with escape and
non-social receiving slightly higher ratings than physical,
tangibles, and attention.

Procedure

Telehealth Consultation

The school district and the mental health agency’s treatment
team requested telehealth consultation for intractable self-
injury of the three adolescents with ASD. Real-time consulta-
tion involved the telehealth consultant working with the treat-
ment team that was led by the behavior analyst. The extensive
experience and expertise of the treatment team’s behavior an-
alyst resulted in the consultant being used in an advisory ca-
pacity in terms of assessing the fidelity of the team’s develop-
ment, staff training, and implementation of the behavior sup-
port plan (BSP). Given the treatment team’s lack of experi-
ence in developing and implementing mindfulness-based pro-
grams, the consultant was involved in providing real-time
training to the behavior analyst in mindfulness of the breath
and Soles of the Feet (SoF) mindfulness-based program, and
in collaborating with the behavior analyst in the training of the
three adolescents in the SoF program. Training was conducted
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in real time via Zoom, and all baseline and outcome data were
viewed through WhatsApp, which has end-to-end encryption
for security.

Process

The telehealth consultant assisted the treatment team in
implementing the procedure in real time in two phases:
(1) advising on developing and implementing a BSP and
(2 ) be ing c lose ly invo lved in deve lop ing and
implementing an informal mindfulness-based Soles of
the Feet (SoF) program. Except for the details of the in-
terventions, the general methodology was planned to be
similar for both phases. In practice, the BSP was devel-
oped, implemented, and evaluated first, followed by a 2-
week no-treatment period during which the treatment
team, parents of the adolescents, the adolescents them-
selves, and the telehealth consultant discussed the next
steps in adopting a non-pharmacological alternative treat-
ment. After evaluating extant research data on likely treat-
ment alternatives, the consensus was reached for the treat-
ment team to implement and assess the utility of the SoF
program. The strong endorsement of the SoF program by
the adolescents was an important deciding factor. They
particularly liked the thought of being in control of their
own treatment with this positive portable self-regulation
program.

Experimental Design

A multiple-baseline design across three participants was used
for both the behavioral and mindfulness-based interventions
(Barlow et al., 2009). This design was chosen because it has
internal validity for evaluating outcomes of interventions in
small samples. In addition, the behavior analyst and
Registered Behavior Technicians (RBTs) had previous expe-
rience in using this research design to assess behavioral inter-
ventions with other clients.

Baseline

To minimize threats to internal validity, the adolescents were
randomly assigned to one of the three baselines. During base-
line, data on each adolescent’s number of self-injurious events
were collected by a pool of four RBTs trained in behavioral
observations. No variables were manipulated during baseline.
Inpatient staff continued to use whatever clinical management
techniques they were using prior to initiation of baseline data
collection. Data were collected at about the same time twice
daily, once in the morning and once in the afternoon, while the
adolescents engaged in their routine inpatient program. Each
observation session was for a period of 3 h. The same pool of
four observers and observation system were utilized during

baseline and intervention phases. The baseline for both BSP
and SoF interventions was for 3, 5, and 8 days.

Behavior Support Plan

Following baseline data collection, the behavior analyst de-
veloped the adolescents’ BSP based on standard behavior an-
alytic practices used in the field of IDD (e.g., Bambara &
Knoster, 2009). Functional assessment data were used to gen-
erate specific and general hypotheses for the adolescents’ self-
injury. Then comprehensive BSPs were developed that in-
cluded the following components: modifications of setting
events and antecedent conditions, teaching alternative skills,
consequence interventions, and long-term supports. The plan
also included strategies for training care staff on daily data
collection and implementation of the programs, and schedule
for periodic review of progress and revisions of the plans, as
indicated by the data. The intervention was implemented for
37 days.

Mindfulness-Based Program

The consultant taught the behavior analyst a basic meditation
on the breath practice (see Table 1), which is a requirement for
mindfulness teachers (Carmody & Baer, 2009; McCown
et al., 2010), at the termination of the BSP for the three ado-
lescents. This training was requested by the behavior analyst
so that authenticity of mindfulness practice could be initiated
and later maintained when used in the absence of the

Table 1 Instructions for mindfulness of the breath practice

Sit comfortably on your zafu and zabuton (if you are using them), on a
cushion, or on a straight-backed chair. In mindfulness of the breath, we
practice focusing just on our breath, which is the object of this practice

1. Sit comfortably with a straight spine, without slouching or stretching
your shoulders

2. Tilt your head slightly forward, with the chin tucked in slightly toward
the throat

3. Have your eyes slightly open, if this is comfortable, or close them
lightly

4. Have the tip of your tongue lightly touch the upper palate, near the front
teeth

5. Have the right hand over the left hand on the lap, with thumbs just
touching each other, or your hands on your thighs

6. Breathe evenly and try not to either shorten or lengthen each breath

7. Focus your attention on the flow of your breath as it moves in through
your nostrils into your body, back up, and out through your nostrils.
That is, focus your attention on the sensation of breathing—from the
beginning to the end of inhalation, the pause before exhalation, from
the beginning to the end of exhalation, the pause before inhalation, and
so on

8. When you realize that your mind has wandered away, gently refocus
your attention on the flow of your breath
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telehealth consultant. Then the telehealth consultant taught the
behavior analyst the basics of the SoF program.While the SoF
program is simple, it takes substantial practice to use it profi-
ciently and to teach clients with competency. Training in-
volved verbal instructions, modeling, demonstrations, and re-
turn demonstrations. The behavior analyst’s competency was
objectively rated by a rater independent of the telehealth con-
sultant on the 40-item SoF Trainer Monitoring Checklist.
Training was terminated when the behavior analyst achieved
a score of 100% on the checklist. Step-by-step instructions for
teaching the SoF program are presented in the Singh et al.
(2011) training manual and, more recently, by Felver and
Singh (2020). The behavior analyst used the earlier manual
for this training. The total training time for the behavior ana-
lyst to reach competency was a total of 5 h (1 h per day for
5 days), but additional time was spent in practicing the SoF
procedure to achieve fluency in teaching it to clients.

Once the behavior analyst achieved proficiency in using
and teaching the SoF program, the behavior analyst took the
lead in teaching the three adolescents to use it for their self-
injury. The telehealth consultant provided encouragement and
assistance (in vivo via telehealth), as needed. The behavior
analyst essentially followed the Singh et al. (2011) instruction
manual as a general guide and adapted the language and in-
structions aligned with each adolescent’s abilities and needs.
During each training session, an adolescent was seated com-
fortably on a soft straight-backed chair with feet flat on the
floor and hands resting gently on the thighs. The adolescent
kept his eyes gently closed to increase concentration and nar-
row his focus to the present moment. Then, the behavior an-
alyst provided the SoF instructions in a calm and soft voice,
taking the adolescent through the steps outlined in Table 2.
Once the adolescent was able to engage in the basic SoF
program, the behavior analyst used the training steps outlined
in the SoF instruction manual to assist the adolescent to
operationalize the precursors to his rising urge to engage in
self-injury and then to use the SoF program with the earliest
precursor to self-injury. The behavior analyst then discussed
with the adolescent how to recognize current and new precur-
sors to his self-injury in daily life and how to use the SoF
program to effectively manage his self-injury at the earliest
moment of arising.

The behavior analyst taught the adolescents individually in
a 30-min session, on Monday, Wednesday, and Friday during
the first week of training, reduced it to 15-min per session in
the second week, and met with the adolescents for 10 mins
each weekday thereafter until discharge to review the data on
their use of the SoF program, to respond to their questions,
and to reinforce their self-management of self-injury. In addi-
tion, the inpatient staff nudged the adolescents to use the SoF
program when they felt the urge to engage in self-injury. Each
adolescent used the SoF program for 37 days before being
discharged home to their parents. Two weeks prior to the

adolescents being discharged, their parents were also taught
the SoF program by the behavior analyst so that they could
encourage and reinforce their children in its use at home.

Fidelity of Training

Given the extensive experience of behavior analysts in train-
ing staff to implement BSPs, no measure of fidelity of training
was deemed necessary by the treatment team. However, the
fidelity of the training of the behavior analyst in SoF by the
telehealth consultant and the subsequent training of SoF pro-
vided by the behavior analyst to the adolescents were new and
needed to be measured. Two aspects of fidelity were assessed:
structural fidelity (i.e., what is being taught) and process fidel-
ity (i.e., how the contents are being taught) (Feagans Gould
et al., 2016). An additional mindfulness instructor experienced
in teaching practitioners to use the SoF program was remotely
present via Zoom during the training of the behavior analyst
and when the behavior analyst taught the adolescents. This
mindfulness instructor’s only role was to collect the fidelity
data in real time. The four commonly accepted facets of fidel-
ity of implementation (Dane & Schneider, 1998; Dusenbury
et al., 2003) were adapted for monitoring the fidelity of train-
ing in the SoF program. These facets included the following:
adherence (i.e., extent to which the core training components
of the SoF program were taught); dosage (i.e., the number of
training sessions delivered); quality (i.e., extent to which the

Table 2 Training steps for the Soles of the Feet (SoF) program for self-
injury

1. If you are standing, stand in a natural rather than an aggressive posture,
with the soles of your feet flat on the floor. If you are sitting, sit
comfortably with the soles of your feet flat on the floor

2. Breathe naturally. Do not shorten or lengthen your breath or make it
shallower or deeper. Just let your breath arise and depart naturally

3. Cast your mind back to the last time you picked your skin (state specific
topography of self-injury for the individual*). Stay with the experience
of skin picking

4. Stay with any feelings or thoughts that arose when you were picking
your skin. Observe the feelings and thoughts that were flowing through
your mind. Let them flow naturally, without restriction. Stay with them
for a minute or two

5. Now, shift all your attention fully to the soles of your feet

6. Slowly, move your toes, feel your shoes covering your feet, feel the
texture of your socks, the curve of your arch, and the heels of your feet
against the back of your shoes. If you do not have shoes on, feel the
floor or carpet with the soles of your feet

7. Let your breath arise and depart naturally and focus on the soles of your
feet until you feel calm

8. Practice this mindfulness exercise until you can use it whenever you
feel the urge to pick your skin regardless of where you are

9. Repeat this practice every time you feel the urge to pick your skin

*Practice with each topography of self-injury this individual engages in
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trainer delivered the program components and contents as
intended); and responsiveness (i.e., extent to which the trainer
was responsive and skillfully engaged with the adolescents).
The structural and process fidelity were assessed at 100% for
the training of the behavior analyst by the telehealth consultant
and ranged from 85 to 98% for the training of the three ado-
lescents by the behavior analyst.

SoF Trainer

The telehealth consultant had a long-standing personal medi-
tation practice for over 40 years, over 30 years of experience
as a mindfulness teacher, and was an experienced behavior
analyst at the BCBA-D level. The fidelity data collector had
an on-going personal meditation practice, a 10-year history as
a mindfulness instructor, but no formal training in behavior
analysis.

Measures

Events and Response Definitions

In general, self-injury is any repeated self-directed, non-suicid-
al, behavior that may cause or has the potential to cause phys-
ical harm to the person’s body. Specifically, the universe of
self-injurious behaviors of the three adolescents was defined
as including hitting the head, face, and other body parts; arm
and hand biting and self-pinching; and hand hitting and eye
poking. Each instance of one of these behaviors was counted
as a single event. A trained pool of four RBTs collected the data
for 3 h in themorning and another 3 h in the afternoon. Random
pairs of RBTs were scheduled to collect the data each day
during the morning and afternoon shifts, with one as the prima-
ry data collector and the other as a reliability data collector.
Reliability data were collected during a third of each session
(i.e., an hour in the morning and an hour in the afternoon). An
agreement was defined as the primary and reliability data col-
lector recording the same self-injurious event as occurring at
about the same time. Percentage of inter-rater agreement was
calculated for the whole period of observation by dividing
agreements by agreements plus disagreements and multiplying
by 100. Agreement in each case was 100%, likely due to the
very discrete nature of the target behaviors and the extensive
experience of the RBTs in reliably collecting such data.

Social Validity

The 8-item Abbreviated Acceptability Rating Profile (AARP;
Tarnowski & Simonian, 1992) was used to assess the social
validity of the two interventions for the three adolescents. The
language used in the AARP was modified to make it specific to
the BSP and SoF interventions used in this translational study.
The adolescents’ five treatment team members consensually

rated each item on a 6-point Likert scale (i.e., 1 = strongly dis-
agree, 2 = disagree, 3 = slightly disagree, 4 = slightly agree, 5 =
agree, and 6 = strongly agree) for both interventions at the dis-
charge conference on the day the adolescents were discharged
home. Higher ratings indicate higher social validity.

The adolescents also provided social validity data from their
perspective as recipients of the interventions. They rated a 5-
item social validity questionnaire adapted from a previous study
utilizing the SoF program (Singh et al., 2019). The five items
asked questions pertaining to acceptability of the intervention,
effectiveness, side effects, ease of use, and recommend the
intervention to others. The adolescents independently rated
each item on a 5-point Likert scale (i.e., 1 = strongly disagree,
2 = disagree, 3 = neutral, 4 = agree, 5 = strongly agree) for both
interventions on the morning of the day they were discharged
home. Higher ratings indicate higher social validity.

Data Analyses

Data were analyzed visually and statistically. In visual analy-
sis, individual participant data were graphed, and the levels of
functional relation between the manipulation of the interven-
tion (BSP or SoF) and changes in self-injury were examined.
The rationale for reliance on visual analysis of data is that an
intervention should produce large and consistent effects that
should be visually evident to be clinically significant.
However, visual analysis alone may produce differing inter-
pretations of the significance of the data depending on the
expertise of the person performing the visual analysis or if
aspects of the data itself (e.g., autocorrelation in time-series
data) compromise the visual analysis (Kratochwill et al.,
2014). Thus, pairing the visual analysis with single-case sta-
tistical analysis strengthens data analyses in single-case exper-
imental design studies.

Descriptive statistics including mean and range occurrence
of self-injury were computed for each adolescent and overall
for baselines, BSP, and SoF interventions. The differences
between phases were analyzed using the novel TAU-U meth-
od that estimates non-overlap between phases while simulta-
neously controlling for trends within a phase (Parker et al.,
2011).

The statistical approach proposed by Jacobson and Truax
(1991) was used to examine if reductions in self-injury as a
result of BSP and SoF interventions were clinically
significant. Jacobson et al. (1984) “propose[d] that a change
in therapy is clinically significant when the client moves from
the dysfunctional to the functional range during the course of
therapy” (p. 340). That is, clinically significant change is ev-
ident when the post-treatment average behavior rate falls out-
side of two standard deviations from the average of dysfunc-
tional population toward functionality. This is the most appli-
cable approach in the case of self-injury due to the difficulty in
establishing population norms for individuals with ASD. We
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estimated the cut-off point for clinical significance based on
combined baseline data of all three adolescents. To enhance
precision of estimating clinical significance, we computed
95% confidence intervals (CI) around individual and group
average daily frequency of self-injury pre- and post-interven-
tion. Clinical significance for the adolescents and overall for
each intervention (BSP and SoF) was determined by consid-
ering 95% CI.

Results

Visual Analysis

Figure 1 presents the daily frequency of self-injury for each of
the adolescents during baseline and intervention with BSP.
The frequency of self-injury during baseline averaged to
13.67 (range 12 to 15) for Alex, 7.2 (range 5 to 9) for
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Brandon, and 10.13 (range 7 to 13) for Charlie. During the
intervention, the frequency of self-injury averaged to 12.43
(range 5 to 17) for Alex, 6.14 (range 2 to 10) for Brandon,
and 9.76 (range 2 to 14) for Charlie.

Figure 2 presents the daily frequency of self-injury for each
of the adolescents during baseline and intervention with SoF.
The frequency of self-injury during baseline averaged to 14.0
(range 13 to 16) for Alex, 9.6 (range 9 to 11) for Brandon, and
10.38 (range 9 to 13) for Charlie. During the intervention, the

frequency of self-injury averaged to 3.81 (range 0 to 11) for
Alex, 3.92 (range 0 to 12) for Brandon, and 4.62 (range 0 to
13) for Charlie.

Non-overlap Analysis

Table 3 shows the TAU-U coefficients together with standard-
ized (Z) scores indicating no significant differences in SIB
between baseline and the BSP intervention, while significant
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reductions of self-injury for all three adolescents and overall
were evident with the SoF intervention (TAU-U range be-
tween − 0.84 and − 1).

Clinical Significance

Overall clinically significant reduction of self-injury was ob-
served with the SoF intervention but not with the BSP inter-
vention (Table 3). Specifically, the SoF intervention produced
clinically significant improvements in two adolescents (Alex
and Brandon), while the average daily number of self-
injurious events (4.62) for the third adolescent (Charlie) was
below the established cut-off point of 5.40 for clinical signif-
icance with only marginal overlap of 95% CI of 1.21 comput-
ed as follows (4.62 + 1.21 = 5.83 > 5.40).

Social Validity

The treatment team members consensually rated the social
validity of the BSP and SoF interventions on the last day of
the adolescents’ inpatient stay before they were discharged

home to their parents. The eight items were rated on a 6-
point scale, with higher ratings indicating higher social valid-
ity (see Table 4). The total score was 27 for BSP and 48 for
SoF, indicating greater social validity for the SoF program.

The adolescents individually rated the social validity of the
two interventions on the last day of their inpatient stay. The five
items were rated on a 5-point scale, with higher ratings indicat-
ing higher social validity (see Table 5). Across the three ado-
lescents, the total summed rating for acceptability was 5 for
BSP and 18 for SoF, effectiveness 3 for BSP and 18 for SoF,
side effects 8 for BSP and 18 for SoF, ease of implementing the
intervention 8 for BSP and 14 for SoF, and recommend for use
by others 3 for BSP and 18 for SoF. The total summed rating
for social validity was 27 for BSP and 86 for SoF, indicating
greater social validity for the SoF program.

Discussion

This translational study was designed to provide real-time
telehealth consultation to a treatment team at a community-

Table 3 Descriptive statistics,
TAU-U coefficients, Z-scores and
p values, and clinical significance
estimates for the three adoles-
cents, and the overall comparison
of baseline and intervention by
intervention type (BSP and SoF)

Participants Alex Brandon Charlie Overall

Treatment BSP SoF BSP SoF BSP SoF BSP SoF

Baseline mean per day 13.67 14.00 7.20 9.60 10.13 10.38 10.33 11.33

Baseline ±95% CI 1.05 1.95 1.43 0.78 1.40 1.04 1.40 1.01

Baseline range 12–15 13–16 5–9 9–11 7–13 9–13 6–15 9–16

Intervention mean per day 12.43 3.81 6.14 3.92 9.76 4.62 9.44 4.12

Intervention ±95% CI 0.80 0.97 0.68 1.05 0.85 1.21 0.65 0.62

Intervention range 5–17 0–11 2–10 0–12 2–14 0–13 2–17 0–13

TAU-U −0.32 −1.00 −0.31 −0.88 −0.07 −0.84 −0.20 −0.88
Z-score −0.85 −2.85 1.05 −3.11 −0.28 −3.61 −1.20 −5.27
p Value 0.393 0.004 0.294 0.002 0.778 <0.001 0.223 <0.001
aClinical significance (<5.40) No Yes No Yes No No No Yes

Note: a Clinical significance based on combined baseline data (Jacobson & Truax 1991)

Table 4 Treatment team social
validity ratings of the behavior
support plan and Soles of the Feet
program for adolescent self-injury

BSP SoF

1. This is an acceptable intervention for the adolescents’ self-injury 2 6

2. This intervention was effective in changing the adolescents’ self-injury 1 6

3. The adolescents’ self-injury was severe enough to justify the use of this intervention 6 6

4. I would be willing to use this intervention with my child 6 6

5. This intervention did not have any side effects for these adolescents 6 6

6. I liked this intervention 4 6

7. This intervention was a good way to handle the adolescents’ self-injury 1 6

8. Overall this intervention helped these adolescents 1 6

Total summed score 27 48

Ratings were on a 6-point scale with 1 = strongly disagree, 2 = disagree, 3 = slightly disagree, 4 = slightly agree,
5 = agree, and 6 = strongly agree. Higher scores reflect greater social validity
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based mental health agency that provided inpatient and out-
patient services to individuals with ID and ASD. Telehealth
consultation is an important technological advance over face-
to-face consultation during the time of COVID-19 pandemic
especially for those needing urgent assistance but are working
under lockdown conditions. In addition, real-time telehealth
services can provide one viable way of reducing mental health
care inequity by extending timely services to those with lim-
ited resources, those unable to access primary care, or those
living in rural areas where specialist services are unavailable.
Individuals who have cell phones or can access computers
could take advantage of telehealth services in real time when
the need is most urgent. Having a family member who en-
gages in severe self-injury or physical aggression toward their
caregivers provides good examples of the necessity for
telehealth services when other community-based services are
unavailable.

There is an emerging research based on the use of
telehealth technology in delivering services that include the
behavior analytic and mindfulness-based programs for indi-
viduals with IDD. For example, as reported by Lee et al.
(2015), behavioral consultation in telehealth had its begin-
nings in the mid-1990s. Wacker et al. (2016) have provided
an evidence-based model for using behavioral telehealth ser-
vices in the community. Furthermore, current research evi-
dence indicates that behavioral telehealth services cover in-
take, assessment, development, and implementation of BSPs
in clinical, school, home, and residential settings, and are not
only effective and efficient but also cost-effective (Fischer
et al., 2017; Wacker et al., 2016). Although not nearly as
extensive as behavioral telehealth services, telehealth
mindfulness-based services for individuals with IDD and their
caregivers are just emerging (e.g., Myers et al., 2018; Singh
et al., 2017).

The present study extended this line of research by provid-
ing real-time telehealth consultation for both behavioral and
mindfulness-based interventions for the same set of clients
with ASD whose treatment team needed assistance with their

intractable self-injury. In this case, assistance was provided by
a telehealth consultant within a translational model of care in
which two evidence-based interventions were successively
evaluated by the treatment team using a single-case experi-
mental design. This telehealth consultation incorporated the
“bench-to-bedside”medical model (Woolf, 2008) to fast track
evidence-based intervention to improve inpatient care for
three adolescents with ASD. First, the telehealth consultant
assisted the treatment team’s behavior analyst to evaluate the
effectiveness of a well-formulated BSP based on functional
assessment and positive behavior support principles. This in-
tervention was not very successful for a number of possible
reasons, although the treatment team noted that the BSP did
not tap into contingencies that may have been affected by the
adolescents’ emotional dysregulation. Furthermore, it should
be remembered that like any evidence-based intervention,
even well-designed and implemented behavior analytic plans
may be ineffective for non-specific reasons. Second, the
telehealth consultant taught the behavior analyst a basic med-
itation practice that, with consistent practice over time, will
enhance their embodiment of mindfulness. An unintended
benefit of this training could be that the behavior analyst’s
embodied mindfulness might cascade or spill over to others,
including other clients, who have no personal practice of med-
itation (see Singh & Hwang, 2021). Third, the telehealth con-
sultant enabled the behavior analyst and treatment team to
develop and implement with fidelity the SoF intervention that
was successful in significantly reducing the adolescent’s self-
injury within 37 days, with every expectation that with con-
tinued practice the adolescents will eventually eliminate this
behavior.

The treatment team was able to include several niceties in
the evaluation of their intervention efforts, suggesting curios-
ity and openness to enhancing the quality of their clinical
work. First, they followed the telehealth consultant’s usual
practice of developing, implementing, and documenting treat-
ment at a level that is publishable in a medium-to-high impact
journal, regardless of whether it is submitted for publication.

Table 5 Adolescents’ social
validity ratings of the behavior
support plan and Soles of the Feet
program for their self-injury

Alex Brandon Charlie

BSP SoF BSP SoF BSP SoF

1. Compared to other treatments, I found the (BSP/SoF) to be
very acceptable

2 6 1 6 2 6

2. The (BSP/SoF) treatment was effective 1 6 1 6 1 6

3. I did not experience side effects of using the (BSP/SoF)
treatment

3 6 2 6 3 6

4. The (BSP/SoF) treatment was easy to use 4 5 3 5 1 4

5. I would recommend the (BSP/SoF) treatment to others 1 6 1 6 1 6

Total summed score 11 29 8 29 8 28

BSP/SoF: ratings were done for each one separately. Ratings were on a 5-point scale, with 1 = strongly disagree,
2 = disagree, 3 = neutral, 4 = agree, 5 = strongly agree. Higher scores reflect greater social validity
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Working at this standard raises the bar for their daily clinical
work and motivates them to keep abreast of relevant research
literature. Second, they contextualized their clinical interven-
tions within a single-case experimental design across partici-
pants so that they could intensively investigate the effects of
two interventions on the adolescents. Third, given that they
used a multiple-baseline design, they were careful to random-
ly assign the adolescents to the baselines to minimize threats
to internal validity. Fourth, in terms of pre-intervention train-
ing, they collected data for both structural fidelity (i.e., what is
being taught) and process fidelity (i.e., how the contents are
being taught). While they considered collecting fidelity data
on the adolescents’ implementation of the SoF program, prac-
tical limitations precluded it because the SoF program is es-
sentially a manipulation of private events that control overt
behavior (i.e., self-injurious events). Fifth, they collected
inter-rater agreement data on the occurrence of the adoles-
cents’ SIB, an ubiquitous practice in research studies that is
rare in daily clinical work. Sixth, they augmented visual anal-
ysis of outcome data with statistical analyses—the TAU-U—
and statistically evaluated the clinical significance of the be-
havior change. Finally, they collected social validity data from
the treatment team members and from the adolescents
themselves.

Limitations and Future Research

The outcomes of this study should be considered in the con-
text of its limitations. This translational study was occasioned
by the need to provide effective intervention when the usual
evidence-based treatments failed. Thus, the choice of a single-
case experimental design was appropriate given that only
three adolescents needed the intervention. However, a limita-
tion of single-case experimental designs is that they are inter-
nally valid only—we know that when these three adolescents
with ASD learned to use SoF contingent on the precursors of
their self-injury, the frequency of their self-injury decreased
substantially—but not externally valid—we do not know if
this intervention would be effective for other adolescents with
ASD who engage in self-injury. Furthermore, mindfulness-
based programs for individuals with ASD have been found
to be effective primarily with those that function at higher
cognitive levels, thus limiting the generalizability of these
findings to only this population.

The use of the TAU-U statistic, which is increasingly used in
single-case experimental design studies (Parker et al., 2011),
clearly indicated significant reductions in self-injury with the
use of the SoF program with all three adolescents with ASD.
This mirrored the traditional visual analysis, thus providing a
measure of reliability of interpretation of the behavior change.
However, clinically significant difference was statistically evi-
dent for only two of the three adolescents when 95% CIs were
accounted for based on the Jacobson and Truax (1991) index.

This might be explained by higher variability of data for the
third adolescent that inflated the estimated CI. However, even
on this index, clinically significant changes were evident across
the three participants at the group level. Thus, caution should be
exercised when extrapolating from statistical analyses of clini-
cal significance in the absence of population norms for the
target behavior that is required when using this index.

Another reason for being cautious is that the findings are
based on one telehealth consultant working with a specific
behavior analyst, with a particular treatment team, at one men-
tal health agency. Numerous non-specific variables were
probably in play (e.g., experience of the telehealth consultant
as a behavior analyst and a mindfulness teacher, motivation of
the mental health agency behavior analyst to learn and prac-
tice mindfulness, an enlightened treatment team, and a mental
health agency transparent of its own limitations) that may not
be replicable in other contexts and with other professionals
and mental health agencies. Furthermore, the motivation of
the treatment team to succeed was very high, given that suc-
cessful intervention was urgently needed for the safety of the
adolescents (and in maintaining the reputation of the team as
being clinically effective). In addition, the novelty of the SoF
program may have contributed somewhat to its effectiveness
given that informal mindfulness-based programs are the treat-
ments du jour in the field of IDD at present. The use of
mindfulness-based programs with children and adolescents,
with and without IDD, has increased exponentially over the
last decade (Singh & Singh Joy, 2021), and their effectiveness
and efficacy continues to be researched and demonstrated
across a variety of health, mental health, and educational
domains.

This study may be heuristic for further exploration of trans-
lational research that takes an evidence-based intervention and
translates it into everyday treatment by regular clinicians.
While the SoF program is an evidence-based intervention
for various emotion regulation problems of individuals with
ID and ASD, it has not seeped into the fabric of daily clinical
practice of experienced clinicians. Of course, this is not sur-
prising given the gap of about 20 years between research and
its translation into everyday practice. Further translational re-
searchmay shorten this time period. Another consideration for
further research is that the real-time telehealth consultation
used in the present study might be eminently applicable dur-
ing pandemics, such as in the era of COVID-19. It could serve
two purposes—providing immediate care for those in need of
such services and in researching optimal ways for using
telehealth to implement and disseminate evidence-based inter-
ventions into the community.
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