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Abstract

Background—Many children with autism spectrum disorder (ASD) have problem behaviors that 

interfere with learning and social interaction.

Methods—This randomized controlled trial compared treatment with functional communication 

training (FCT) to “treatment as usual” for young children with ASD (n=38, ages 21–84 months). 

FCT was conducted by parents with training and real-time coaching provided by behavioral 

consultants using telehealth.

Results—FCT treatment via telehealth achieved a mean reduction in problem behavior of 98% 

compared to limited behavioral improvement in children receiving “treatment as usual” during a 

12-week period. Social communication and task completion also improved.

Conclusions—For children with ASD and moderate to severe behavior problems, parent-

implemented FCT using telehealth significantly reduced problem behavior while ongoing 

interventions typically did not.
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Children with autism spectrum disorder (ASD) are at significantly high risk for developing 

problems with destructive and disruptive behavior (Horner, Carr, Strain, Todd, & Reed, 

2002; Soke et al., 2016). These problems may take the form of many different types of 

behavior, with the most severe being aggression (e.g., hitting, biting, yelling), self-injury 

(e.g., head-banging, eye-gouging, hitting or biting self), property destruction (e.g., breaking 

items, throwing items), and severe noncompliance. These behaviors can severely limit a 

child’s opportunities to engage in positive social interactions, to benefit from therapeutic 

interventions, and to participate fully in daily life at home and in the community.

When behavior problems are serious enough to require treatment, several evidence-based 

options are available, including therapy from a behavior therapist or behavior analyst 

(Ahearn & Tiger, 2013), parent education or parent training (Bearss et al., 2015), or 

psychoactive medication (Aman et al., 2009). For behavioral treatment in ASD, applied 

behavior analysis (ABA) has been studied extensively, and core ABA principles (e.g., 

reinforcement, extinction, etc.) are critical components of many of the most widely used 

evidence-based interventions (Wong et al., 2015), regardless of whether the intervention 

focuses on skill acquisition (Dawson et al., 2010; Koegel & Koegel, 1988; Lovaas, 1987) or 

the direct treatment of problem behavior (Lindgren et al., 2016). Among the ABA methods 

used to treat problem behavior in ASD, functional communication training (FCT; Carr & 

Durand, 1985) is used most extensively, and prior studies have shown that FCT can 

successfully treat many different problem behaviors in diverse populations and across a 

range of environments (Lindgren et al., 2016; Reichle & Wacker, 2017; Tiger, Hanley, & 

Bruzek, 2008).

In practice, FCT usually begins with a functional analysis (FA; Iwata, Dorsey, Slifer, 

Bauman, & Richman, 1994) to identify the class of reinforcement, or “function,” that 
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maintains problem behavior for each child (Durand & Carr, 1985; Reichle & Wacker, 2017). 

The social functions that are typically identified are escape (avoiding a nonpreferred 

activity), tangible (obtaining a desired object or activity), and attention (gaining attention 

from an adult or peer). After the function(s) of a problem behavior has been identified, 

children are taught to use alternative communication strategies (e.g., speaking, pointing to 

picture cards, pressing a microswitch, etc.) that result in the same reinforcer as the problem 

behavior (Carr, 1988). By substituting appropriate social communication in the form of 

mands (appropriate requests) to replace a child’s inappropriate behavior, FCT can reduce 

problem behavior, change the way a child interacts with family and peers, and help the child 

function more successfully in daily life (Reichle & Wacker, 2017). For these reasons, FA 

combined with FCT typically represents the preferred treatment for destructive or disruptive 

behavior when treatment is provided by behavioral psychologists or behavior analysts 

(Reichle & Wacker, 2017; Tiger et al., 2008).

Even when an effective behavioral intervention can be identified for treating problem 

behavior in ASD, access to intervention may be limited by geographic location, provider 

availability, family circumstances, or cost. To help overcome these barriers, telehealth 

service delivery models have been developed to improve access to behavioral services 

(Wacker et al., 2013b). A comparison study showed that parent-implemented FCT could be 

delivered via telehealth coaching with similar outcomes and at lower cost compared with 

having behavior therapists travel to work with children and parents in their homes (Lindgren 

et al., 2016). Thus, effective behavioral treatments such as FCT can be conducted via 

telehealth, which permits greater access for families in diverse locations and increased 

opportunities to provide interventions to much larger populations of children with ASD.

The current study was designed as a randomized controlled trial (RCT) to test the efficacy of 

FCT delivered via telehealth as a treatment for significant problem behaviors demonstrated 

by young children with ASD. Although several decades of high-quality single-subject 

research have provided an extensive evidence base for FCT (Reichle & Wacker, 2017; Tiger 

et al., 2008; Wong et al., 2015), FCT has not been previously tested in a randomized trial. 

This study was conducted using single-case designs for each participant, including 

multielement designs for the FA and reversal and nonconcurrent multiple baseline designs 

for the FCT treatment. An in-home telehealth treatment model was used to ensure reduced 

costs and increased access for families in any geographic location as long as they were able 

to connect to high-speed internet. Treatment procedures were conducted by parents under 

the supervision of trained behavioral consultants using methods that have been previously 

tested in other studies using single-subject designs (Lindgren et al., 2016; Wacker et al., 

2013b). The study design included a control group for which FCT treatment was delayed for 

12 weeks until after the RCT was completed. For the delayed treatment group, any children 

who continued to show problem behavior after the 12-week delay were provided with FCT 

treatment.

The hypotheses tested in the study were that (1) parents could be trained and coached via 

live telehealth to use FA and FCT strategies to significantly reduce problem behavior and 

increase social communication in their children in comparison with children receiving their 

“usual” ongoing interventions, (2) children would demonstrate increases in manding and 
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task completion during and after treatment, and (3) parents would report high levels of 

acceptance of treatment procedures delivered via telehealth.

METHODS

Study Design

The study was designed as an RCT comparing treatment with FCT to a “waitlist control” 

group that received “treatment as usual” rather than FCT for the 12-week period during 

which the RCT was conducted. Twelve weeks was selected as an appropriate time period for 

group comparisons because it was long enough to allow behavior change to be seen in 

response to treatment (for the experimental group) while also representing a realistic waiting 

period (for the control group) because it was comparable to the average time that newly 

referred children with ASD waited for initial appointments in behavioral clinics at our 

medical center. After 12 weeks, the RCT phase of the study ended and all participants in the 

Delay (Control) group received treatment with FCT if their behavior continued to require 

treatment. In all cases, initial assessment using FA and subsequent treatment using FCT 

were conducted by parents with support from real-time telehealth coaching by a behavioral 

consultant (see Suess et al., 2014, and Wacker et al., 2013b, for more detailed descriptions of 

the type of procedures used for parent training and coaching). Figure 1 outlines the overall 

design of the randomized trial and shows the number of children who participated in each 

phase of the study.

Study Outcomes

The primary outcome for the trial was the reduction in the frequency of problem behavior 

shown by the child; secondary outcomes were increases in mands (appropriate requests) and 

the number of developmentally appropriate “work” tasks completed during sessions. The 

durability of treatment effects was examined by collecting the same outcome data at six 

months after completion of treatment. The study was designed to have at least .90 power for 

detection of a difference between treatment groups of 10% or more in the mean percentage 

of reduction in problem behavior from baseline to the completion of the RCT (using a two-

tailed test at the p < .05 level). The RCT design also included intention-to-treat analysis to 

control for bias associated with possible differential rates of attrition between the two 

treatment groups.

Participants

Participants were 56 young children (ages 21–84 months; 47 male, 9 female) referred to the 

study based on probable ASD and significant behavior problems. Referrals to the study 

came from clinical staff in pediatric and psychiatric clinics within a comprehensive 

university-based health care system, as well as from staff at regional pediatric clinics that 

were part of a statewide network affiliated with the university system. After comprehensive 

diagnostic evaluations, 51 of the 56 enrolled children were diagnosed with ASD and referred 

for telehealth-delivered FA and FCT. Thirty-eight children completed the FA and were 

randomized to one of the two treatment groups (Immediate vs. Delay) for the RCT. Minority 

representation was 10% for children in the study. Parents were trained and coached to 

implement FA+FCT procedures, and parents also provided ratings of their acceptance of 

Lindgren et al. Page 4

J Autism Dev Disord. Author manuscript; available in PMC 2021 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



treatment. Selected summary data from 32 of the participants had been included in a 

previous FCT study (Lindgren et al., 2016).

Inclusion criteria were as follows: (a) age in the range of 18–84 months, (b) a confirmed 

diagnosis of ASD, (c) significant problem behavior that was serious enough to interfere with 

daily functioning, and (d) willingness of at least one parent to participate in weekly 

telehealth sessions and to implement study procedures as directed. Problem behaviors were 

identified individually for each child based on parent report and occurrence of behaviors 

during the FA.

Definitions of Problem Behaviors

Topographies of problem behavior included self-injurious behavior (e.g., head banging), 

aggression (e.g., hitting), property destruction (e.g., throwing toys), verbal outbursts (e.g., 

screaming), and severe noncompliance. Self-injurious behavior occurred in the forms of 

hand biting, head hitting, head banging, and leg hitting. Hand biting was recorded when the 

child’s hand crossed the plane of the mouth and the mouth closed on the hand for any length 

of time. Head/leg hitting was defined as when the child’s open or closed hand contacted 

their head/leg (or any other part of their body) with force. A child’s head contacting the floor 

or another hard surface (e.g., a tabletop) from a distance of at least 6 in with force resulted in 

head banging being recorded. Topographies of aggressive behaviors were hitting, kicking, 

biting, and scratching. Hitting and kicking were defined as the child’s arms or legs 

contacting the body of another person from a distance of at least 6 in and with force. Biting 

was defined as the child’s mouth closing on the body of another person for any length of 

time. Scratching was defined as when the child’s hand moved laterally over another’s body 

with force. Property destruction was recorded when a child threw an item a distance of more 

than 6 in, displaced furniture, or wrote on unintended surfaces (e.g., walls). Verbal outbursts 

were recorded when an individual engaged in vocalizations above a conversational tone for 

more than 3 consecutive seconds. We stopped recording verbal outbursts when the child 

spoke in an appropriate volume for 3 consecutive seconds. Noncompliance was recorded 

when a child did not begin an adult-directed task within 5 seconds. We stopped recording 

noncompliance when the child began completing the adult-directed task for 5 consecutive 

seconds.

ASD Diagnosis, Randomization, and Informed Consent

The diagnosis of ASD was confirmed by a psychologist trained in using the ADI-R (Rutter, 

Le Couteur, & Lord, 2003), ADOS (Lord, Rutter, DiLavore, & Risi, 1999), and diagnostic 

criteria from DSM-IV (American Psychiatric Association, 1994) or DSM-5 (American 

Psychiatric Association, 2014). Children were referred for treatment with FCT if an FA 

identified problem behavior that served a “social” function (i.e., the behavior was reinforced 

by positive or negative reinforcement in the form of access to attention, access to preferred 

items or activities, or escape from demands). Children who completed the FA and were 

assigned at random to either the Immediate or the Delay treatment group (n = 38) were 

included in the randomized trial (see Figure 1). Randomization was carried out using 

permuted blocks with stratification based on gender, age (≤ 47 months vs. ≥ 48 months), and 

presence or absence of intellectual disability (ID). Twenty-one children were randomized to 
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Immediate treatment with FCT, and 17 children were randomized to the Delay (Control) 

group, which received “treatment as usual” for 12 weeks before starting treatment with FCT. 

Ongoing treatments varied for each of these children and included activities such as speech 

or occupational therapy, educational programming, dietary restrictions, social skills training, 

psychoactive medication, and/or behavior management strategies or intervention plans being 

used in home or school settings. Randomization was not contingent on the behavioral 

functions identified during the FA or on the severity of problem behavior. Research 

procedures were reviewed and approved by an institutional review board for the protection 

of human subjects. Informed consent was obtained from all individual participants included 

in the study, with parents or legal guardians providing consent for the participating children.

Procedures and Instruments

Diagnostic and Developmental Assessments—In addition to using the ADI-R, 

ADOS, and DSM-IV/DSM-5 to confirm an ASD diagnosis, the study also included 

developmental assessments at baseline using the Mullen Scales of Early Learning (Mullen, 

1995) and the Vineland Adaptive Behavior Scale – Second Edition (Vineland-II; Sparrow, 

Cicchetti, & Ballo, 2005) to determine the presence or absence of ID.

Behavioral Consultation—All FA and FCT procedures were conducted by the parents of 

the participating children within their own homes, with coaching provided by behavioral 

consultants via telehealth. The consultants were behavior analysts or advanced graduate 

trainees with a minimum of two years of supervised work experience in behavior analysis. 

Weekly supervision and analysis of FA+FCT data were provided by a doctoral-level 

behavioral psychologist throughout the study. The teleconferencing procedures used by the 

behavioral consultants to provide FA and FCT coaching to parents were based on those 

described by Wacker et al. (2013a), Suess et al. (2014), and Lindgren et al. (2016).

Functional Analysis—With assistance from telehealth coaching by behavioral 

consultants, parents conducted the FA procedures within a multielement single-case design 

based on methods described by Iwata et al. (1994). Each FA session was 5 minutes in 

duration and was digitally recorded for later coding/scoring by independent data collectors; 

three to five sessions were typically completed during each 60-minute telehealth visit. The 

FA sessions were conducted using procedures described by Harding, Wacker, Berg, Lee, & 

Dolezal (2009). One social function (i.e., escape, tangible, or attention) was evaluated per 

session. The parent intermittently instructed the child to complete tasks (e.g., “Put the block 

in the bucket.”) during an escape session, restricted the child’s access to a preferred toy 

during a tangible session, and restricted parent attention to the child during an attention 
session. Reinforcement (i.e., providing a break from the task, access to the preferred toy, or 

access to the parent’s attention) was delivered to the child when problem behavior occurred. 

A “free play” (control) condition was also provided to give the child noncontingent access to 

preferred items and attention without any restrictions or task demands. The child’s response 

during these FA sessions was used to determine the conditions that were functioning to 

reinforce the child’s problem behavior.
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Functional Communication Training—After completing the FA, children in the trial 

were randomized to either the Immediate treatment group or the Delay treatment group. 

Baseline sessions for both groups were based on either the identified FA condition that 

maintained problem behavior or on extinction (i.e., ignoring problem behavior). Extinction 

was the most common baseline condition conducted prior to starting FCT (and was used 

with 76% of participants) because it allowed for evaluation of the occurrence of problem 

behavior in the absence of reinforcement; this condition also helped to determine if 

additional treatment components (other than extinction) were needed to decrease the 

occurrence of problem behavior. In some cases, extinction can produce increases in the 

intensity or rate of problem behavior; for this reason, some parents chose instead to use the 

results of the FA as the baseline. This decision was acceptable to the investigators because 

the use of FA as baseline is common in the ABA literature (Fuhrman, Fisher, & Greer, 

2016). Regardless of the baseline procedure used, an average of 2.76 5-min sessions (range: 

1–9 sessions) were conducted with each participant. Most baseline sessions were conducted 

across 1 to 2 weekly visits (M = 1.8 visits; range: 1–5).

After FCT treatment began, each weekly telehealth visit was approximately 60 minutes in 

duration; each individual session within a 60-minute visit lasted 5 minutes and was recorded 

for later data coding/scoring. To facilitate communication during FCT, a word/picture card 

or microswitch (with recorded voice output) was paired with any pre-existing mand. 

Appropriate requests were reinforced by the parent, and the occurrence of problem behavior 

was ignored (placed on extinction) or resulted in the parent providing guided compliance. 

An individualized FCT treatment plan was developed based on the results of the FA. For 

example, if the FA identified problem behavior that functioned to escape task demands, then 

the FCT treatment plan focused on teaching the child to request breaks appropriately after 

complying with instructions to complete a task. (Table 1 provides brief descriptions of the 

FCT procedures used to treat problem behavior maintained by escape or tangible functions.) 

A typical task demand was initiated by placing a small amount of developmentally 

appropriate “work” in front of the child and asking the child to complete the task (e.g., point 

to two pictures in a book). As soon as the task was completed, a word/picture card or 

microswitch was placed in front of the child, and the child was given a prompt to request a 

break. The choice of break activities was matched to a preference assessment (Roane, 

Vollmer, Ringdahl, & Marcus, 1998). Problem behavior resulted in continuation of the task 

or re-presentation of the task if the behavior occurred during a break. Parents were asked to 

practice FCT procedures for at least 10–15 minutes each day at home. (The treatment 

procedures were based on those described by Wacker, Harding, & Berg, 2011; Wacker et al., 

2013b, provide additional description of how these procedures can be implemented via 

telehealth.)

To make direct comparisons between the Immediate and Delay groups, the percentage of 

problem behavior for Immediate participants was assessed at the completion of 12 weeks of 

treatment sessions, even if FCT treatment was not yet complete at that point. On average, 

treatment was completed in nine weekly visits (range: 3–20 weeks) for children in the 

Immediate group, which meant that many children in the Immediate group had completed 

FCT by the end of the randomized trial. Treatment was planned to be continued for up to 25 
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weeks or until (a) at least an 80% reduction from baseline occurred for problem behavior 

over three consecutive FCT sessions, (b) the child complied with at least 80% of task 

requests, and (c) the child made requests independently at appropriate times.

Delay Group Procedures During RCT—During the 12-week RCT, the children in the 

Delay (Control) group did not begin FCT treatment, but they continued to receive all the 

supports and interventions that had been provided to them prior to enrollment in the study. 

While families waited to begin FCT treatment until after completion of the randomized trial, 

behavioral consultants coached parents to conduct two to three 5-min sessions during 

behavior monitoring visits that were conducted each month via telehealth. During these 

monthly visits, parents conducted extinction sessions to determine whether problem 

behavior was continuing to occur. For comparison with the Immediate treatment group as 

part of the RCT, the percentage of 6-sec intervals showing problem behavior for the Delay 

(Control) group at baseline was again assessed at the completion of 12 weeks of waiting to 

begin FCT treatment. If the assessment at 12 weeks demonstrated continuing problem 

behaviors, treatment with FCT was initiated at that time.

Treatment Acceptability—After treatment had ended, parents completed a 7-point scale 

to rate the acceptability of FCT treatment by using the first item of the Treatment 

Acceptability Rating Form-Revised (TARF-R; Reimers, Wacker, & Cooper, 1991). This item 

asked the parent “How acceptable do you find the treatment to be regarding your concerns 

about your child?” Responses to this question are highly correlated with the overall score on 

the full TARF-R.

Quantitative Analyses

Single-Subject Analyses—Data for all participants were collected within single-subject 

designs (multielement designs for the FA data and nonconcurrent multiple baseline across 

participants plus reversal designs for the FCT data), and observation sessions were recorded 

and scored for each FA and FCT visit. Each 5-min session was divided into 50 6-sec 

intervals, and problem behavior was coded if present in each interval. Interobserver 

agreement was obtained for 30% of sessions and averaged greater than 95% agreement.

Experimental Group vs. Control Group Comparisons—For the randomized trial, 

the percentage of 6-sec intervals with problem behavior in each session was recorded at 

baseline and at 12 weeks after the start of treatment for the Immediate (Experimental) group 

or at the end of the 12-week waiting period for the Delay (Control) group. In addition, 

behavioral observation data were scored at the end of FCT treatment for all subjects and then 

monitored again at 6 months after the completion of treatment. The overall percentage 

reduction in problem behavior was determined by computing the percentage of 6-sec 

intervals that included problem behavior at baseline minus the percentage of intervals with 

problem behavior at the end of FCT; that difference was then divided by the percentage of 

intervals with problem behavior at baseline and multiplied by 100. Similar data on increases 

in manding and task completion were analyzed to evaluate changes in positive behaviors 

involving communication and cooperation.
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The Immediate and Delay groups were compared using a linear mixed model for repeated 

measures, with Time as the within-subjects factor and Treatment Group as the between-

subjects factor. The primary outcome for the 12-week randomized trial was the percentage 

of intervals that showed problem behavior during each 5-min treatment session when 

baseline behavior was compared with behavior at 12 weeks for the two treatment groups. 

From the fitted statistical model, an estimate of the mean change (with 95% CI) within 

group was obtained and tested with the p-value adjusted by the Bonferroni method. When 

assumptions of the linear mixed model were not fully met, alternative statistical methods 

were also used to validate the findings. Results of the trial were reported using strategies 

adapted from the guidelines in the CONSORT (Consolidated Standards of Reporting Trials) 

2010 statement (Schulz, Altman, Moher, & the CONSORT Group, 2010).

RESULTS

Behavioral Outcomes During the Randomized Controlled Trial

Sample Characteristics and Functional Analysis—All children in both the 

Immediate (Experimental) and the Delay (Control) treatment groups completed the 

randomized trial after first completing the FA. Table 2 includes the FA results and 

background information on the participants.

The two treatment groups did not differ significantly on age, gender, presence of ID, or type 

of function identified during the FA. All participants showed at least one social function, and 

most had more than one. The most common functions overall were Tangible in 92% of 

participants and Escape in 58%; the frequency of an Attention function was very low (8%). 

These FA results are comparable to other studies of young children with ASD, for whom 

Escape and Tangible functions are the most common (Wacker et al., 2013a). No children in 

the study had an Attention function without also having at least one other social function.

Primary Behavioral Outcomes—Table 3 shows the mean percentage of 6-sec intervals 

(per 5-min observation session) during which the child showed problem behavior at baseline 

and at the end of the randomized trial 12 weeks later. Because all participants in both 

treatment groups completed the RCT while following the protocol to which they were 

randomized, the intention-to-treat analysis did not differ from a per protocol analysis.

Children in the Immediate group obtained a mean baseline score of 24.81 (SD = 15.44) and 

a mean score of 0.35 (SD = 0.75) after 12 weeks of FCT. Children in the Delay group 

obtained a mean Baseline score of 26.75 (SD = 16.30) and a mean 12-week score of 26.70 

(SD = 17.33), indicating minimal overall improvement in behavior as a result of the passage 

of time or response to existing interventions for these children. A basic way to summarize 

these results is to note that children in both groups showed problem behavior about 25–27% 

of the time during baseline sessions, but that FCT treatment reduced problem behavior to 

less than 1% of the time when measured during observation sessions at the end of the RCT. 

Simply waiting for behavior to get better over time did not result in improvement for most 

children.
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As expected, the results of the linear mixed model analysis showed a highly significant Time 

by Group interaction (F = 23.14, p < 0.0001) as the group of children receiving treatment 

with FCT improved significantly compared to baseline but the control group did not. The 

Immediate group showed a mean reduction in problem behavior of −24.46 (95% CI: −32.56, 

−16.36; p < 0.0001), while the Delay (Control) group showed a mean reduction of −0.05 

(95% CI: −9.49, 9.40; p > 0.99). Although most of the assumptions of a linear mixed model 

were met in undertaking this analysis, the assumption of normality was not. As can be seen 

in Table 3, FCT treatment for the Immediate group not only reduced the mean problem 

behavior score significantly at 12 weeks, but the variance was also reduced dramatically as a 

result of uniformly significant reductions in problem behavior for children in that group. 

Even though linear mixed models tend to be quite robust in the face of violations to 

assumptions, we conducted an additional analysis after transforming the data to a single 

“change score” (baseline score minus 12-week score) for each subject. These change scores 

met the assumption of normality, and a T-test comparing the mean change scores for each 

treatment group confirmed the highly significant difference between the two groups during 

the RCT (t = 4.83, p < 0.0001).

Effect Size—The effect size of the RCT results was calculated as the standardized mean 

difference between the Immediate (experimental) and Delay (control) groups. A change 

score for each child was calculated as the change in the frequency of behavior problems at 

baseline compared to the frequency of behavior problems at the end of the 12-week RCT. 

Specifically, the effect size was calculated as the mean change score of the experimental 

group (24.46) minus the mean change score of the control group (0.05), which was then 

divided by the pooled standard deviation for the entire sample (15.51). Thus, the behavior 

change observed in response to FCT treatment during the randomized trial corresponded to 

an effect size of 1.57.

Clinical Significance—Although all 21 of the children in the Immediate group showed 

improved behavior, only two of 17 children in the Delay group improved while waiting to 

begin treatment. The proportion of children achieving at least an 80% reduction of problem 

behavior during the RCT was significantly higher in the Immediate treatment group than in 

the control group (100% vs. 12% respectively; p < 0.0001, two-tailed Fisher’s exact test). 

The two children in the Delay group who showed improved behavior appeared to respond 

well to the extinction procedures that were a component of the monthly assessment probes 

conducted during the waiting period. Because these children responded to extinction (which 

discontinued reinforcement for problem behavior and constituted “planned ignoring,” as 

described by Lerman and Iwata, 1996), they did not require initiation of the full FCT 

treatment package after the waiting period ended.

Manding—Comparisons were also made between treatment groups based on the frequency 

of manding at the end of the 12-week randomized trial. Manding was coded by observers as 

a percentage of the opportunities to mand. Children in the Immediate group obtained a mean 

baseline score of 14.76% (SD = 24.08) and a score of 97.22% (SD = 11.19) after 12 weeks 

of FCT. Children in the Delay group obtained a mean Baseline score of 16.99% (SD = 

32.02) and a 12-week score of 28.25% (SD = 40.10), indicating a non-significant increase in 
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manding as a result of the continuation of existing intervention strategies for the Delay 

group. There was a highly significant Time by Group interaction (F = 75.12, p < 0.0001) as 

the group of children receiving FCT treatment showed significantly increased manding 

compared to baseline but the control group did not. The Immediate group showed a mean 

increase in manding of 83.10 (95% CI: 70.07, 96.14; p < 0.0001), while the Delay group 

showed a mean increase of 11.25 (95% CI: −4.34, 26.84; p > 0.99).

Task Completion—Data were also obtained for the percentage of tasks completed by the 

15 children in the Immediate group whose FCT treatment program included a task 

completion component. (These data were not consistently available during the randomized 

trial for the children in the Delay group because they were not yet receiving FCT.) The mean 

percentage of tasks completed by children in the Immediate group at baseline was 40.89 (SD 
= 38.94), which improved to 99.85 (SD = 0.58) after 12 weeks of FCT (t = 5.83, p < 

0.0001).

Behavioral Outcomes After Completion of the Randomized Controlled Trial

Figure 2 displays the behavior changes achieved by the children in the two treatment groups, 

both during and after completion of the RCT phase of the study. (To increase visibility in 

Figure 2, the SD error bars are offset slightly to the left for the Immediate treatment group 

whenever the distributions of behavior scores overlap with scores for the Delay group.) For 

children in the Delay group, treatment with FCT was provided after completion of the 

randomized trial.

By the end of treatment, the percentage of problem behavior in the Delay group (M = 3.49; 

SD = 6.87) approached the low levels achieved by the children in the Immediate treatment 

group after FCT had been completed (M = .40; SD = 0.73). The small between-group 

difference after treatment was not statistically significant but did approach significance (p = 

0.083).

Two of the children in the Delay group who started FCT treatment after the RCT ended did 

not complete treatment as planned. One of these children moved out of state and did not 

maintain contact with the study, and the other child showed significant behavior problems 

that did not respond to social contingencies, could not be managed by the parents at home, 

and required a referral for out-of-home residential placement. All of the remaining 13 

children in the Delay group achieved at least an 80% reduction in problem behavior after 

completion of FCT treatment. Comparing behavior at baseline to behavior after completion 

of treatment, the Immediate group showed a mean reduction in problem behavior of 98.48% 

(SD = 2.99). Although the Delay (Control) group participants showed no average 

improvement in problem behavior during the initial 12-week waiting period, they were able 

to achieve a mean reduction in problem behavior of 95.83% (SD = 6.30) after completing 

FCT treatment. For all children completing treatment, there was not a significant mean 

difference in behavior change between the Immediate and Delay groups (p = 0.176). The 

positive outcomes in the Delay group following treatment thus represented a replication of 

the results obtained in the Immediate group.
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Twenty-four of the children who completed FCT treatment were able to be contacted six 

months later to obtain follow-up data to assess the sustained effects of behavioral treatment. 

Only small, non-significant increases in problem behavior were detected in the Immediate 

group at follow-up (M = 1.18; SD = 3.07), and the percentages of problem behavior were 

only slightly higher in the Delay group (M = 2.77; SD = 4.91), with the difference not being 

significant (p = 0.338). Overall, occurrences of problem behavior were low in both groups at 

follow-up.

Parental Acceptance of Behavioral Telehealth Procedures

At the completion of FCT, parents were asked to judge how acceptable the treatment was 

with regard to their concerns about their child. Using the 7-point rating scale on the primary 

item from the TARF-R (Reimers et al., 1991), parents were generally positive about the 

treatment they had received. The mean score reported after FCT for parents in both 

treatment groups was 6.30 (SD = .95), which indicated a high level of acceptance of the 

behavioral procedures that had been taught to the parents via telehealth.

DISCUSSION

Summary of Findings

Previous research has demonstrated that parents can be trained and coached live via 

telehealth to conduct FA and FCT to reduce problem behavior in young children with autism 

(Lindgren et al., 2016; Wacker et al., 2013b). However, prior FCT studies have not 

conducted between-group comparisons in which children were randomly assigned to 

experimental and control groups. The current randomized controlled trial examined 

treatment group comparisons that supported the three hypotheses established at the initiation 

of the study: (1) that FCT treatment would decrease problem behavior, (2) that FCT would 

increase manding and task completion, and (3) that FCT treatment via telehealth would be 

highly acceptable to parents. Specifically, the trial demonstrated that treatment with FCT via 

in-home telehealth was able to achieve a mean reduction in problem behavior of 98% 

compared to no overall improvement in behavior in a group of children who received 

“treatment as usual” during the trial. The effect size for behavior change was 1.57. 

Significant increases in the production of mands and the completion of tasks assigned by 

parents were also observed after FCT. Treatment acceptability was high based on parent 

ratings, with results comparable to studies using in-home therapists (Lindgren et al., 2016; 

Wacker et al., 1998), and discontinuation of treatment by families was infrequent. This 

research demonstrates that parents can successfully use FA+FCT to treat moderate to severe 

behavior problems displayed by their child with ASD and can do so even when all parent 

coaching, behavioral assessment, and treatment procedures are conducted via real-time 

telehealth.

Randomized Controlled Trials vs. Single-Case Designs

Research using single-subject designs has established FCT as the most commonly delivered 

behavioral treatment for severe problem behavior emitted by children with autism (Tiger et 

al., 2008), but the absence of randomized controlled trials of FCT is notable. Although the 

group designs used in RCTs are often considered the “gold standard” in establishing causal 
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relationships between interventions and outcomes, single-case designs have focused on 

evaluating the effects of interventions for individual subjects and maintaining strong internal 

validity in behavioral research (Byiers, Reichle, & Symons, 2012; Kazdin, 2010; Smith, 

2012). For behavior analysts, single-case research has long been considered to offer 

significant clinical advantages over group designs because treatment strategies can be 

modified in real-time based on each subject’s response to treatment. By using single-case 

methods to enhance internal validity, combined with a randomized group design that 

enhances external validity, the current study is a hybrid design that possesses unique 

strengths and minimizes threats to validity. The study provides strong evidence for the 

positive behavioral effects of FA+FCT in young children with ASD, as well as highlighting 

the practical advantages of delivering FCT via telehealth. The relatively limited use of RCTs 

by behavior analysts in past studies of ASD interventions is gradually changing, at least 

partially in response to the priority given to RCTs by funders of intervention programs and 

insurers reimbursing for clinical care (Smith, 2012). The results of the current RCT should 

help solidify the status of FA+FCT as an established treatment methodology for problem 

behaviors in children with ASD.

RCTs of Behavioral Telehealth for ASD

In the area of telehealth services for children with autism, only one randomized trial of any 

kind was reported in the literature reviewed by Knutsen et al. (2016), and that trial (Ruble, 

McGrew, Toland, Dalrymple, & Jung, 2013) evaluated an intervention focused on teacher 

training rather than FCT. A later review of parent-mediated intervention training delivered 

remotely for children with ASD (Parsons, Cordier, Vaz, & Lee, 2017) identified only one 

RCT that included both parents and children as participants; that study compared delivery of 

Project ImPACT by parents who were self-directed versus those who received therapist 

assistance (Ingersoll, Wainer, Berger, Pickard, & Bonter, 2016). At present, the current study 

is not only the first randomized controlled trial of FCT to be reported, but it is also the first 

randomized FCT trial conducted entirely via telehealth.

Real-Life Impact

To provide a practical perspective on the impact of the behavior changes obtained through 

FCT treatment in the current study, the outcomes achieved can be considered within the 

context of approximately 13 hours of waking time each day for a typical child with ASD in 

this age range (Humphreys et al., 2014). If the mean rate of problem behavior observed 

before treatment (approximately 26%) is extrapolated to a full day, the average participating 

child would be expected to show more than three hours per day of problem behavior. 

However, if treatment with FCT produces reductions in targeted problem behavior that are 

comparable to those obtained in the current study, a child’s problem behavior could be 

reduced to an average of less than three minutes per day. This potential for significant 

reductions in problem behavior could make it easier for children with ASD to benefit from 

the range of educational and health care services they often require. In addition, 

improvements in making communicative requests and completing tasks were important 

outcomes achieved in the study, and growth in these skills could have a highly positive 

impact on performance in therapeutic activities and skill-acquisition programs.
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Potential Limitations

There are several potential limitations that must be recognized when considering the 

findings of this study. The study sample size was modest, although the very high rate of 

treatment success and the low rate of behavioral improvement without treatment made the 

results of the RCT clearly significant, both statistically and clinically. Because the parents 

and behavioral consultants knew when they were engaged in FCT treatment, they could not 

be completely blinded to group assignment. However, behavioral outcomes were assessed 

using direct observation data that were coded by independent observers and checked for 

reliability rather than relying on subjective rating scales or global clinical impressions by 

clinicians or parents to assess treatment progress. Although questions could be raised 

regarding the use of parents as behavior therapists with their own children, the findings 

reported by Suess et al. (2014) demonstrated that parents can conduct FCT procedures with 

reasonable fidelity even without constant coaching from a behavior analyst. The decision to 

use weekly FCT coaching sessions in our study can also be questioned, given that more 

frequent sessions might be able to produce positive outcomes more quickly. However, even 

with only weekly sessions, parents are coached to use FCT strategies throughout the week, 

which should increase treatment intensity significantly. This issue has been explored through 

other research that supports the positive effects of one hour per week of therapy for children 

with ASD (Vismara, Colombi, & Rogers, 2009).

The study included children with significant behavior problems as identified by parents and 

clinicians, but a fixed cut-off score on a rating scale or global measure of behavior was not 

used to define severity or determine inclusion in the study. Behavioral targets for 

intervention were established based on each parent’s identification of the primary behavior 

problems encountered at home as well as consideration of the behaviors observed during the 

FA. Individualizing behavioral targets increased ecologic validity but also meant that the 

specific targets were not identical for all participants. Although the use of direct observation 

of behavior minimized potential bias from parental report on behavior rating scales, the use 

of broad-band behavior scales such as the Home Situations Questionnaire – ASD 

(Chowdhury et al., 2016) or subscales of the Aberrant Behavior Checklist (Aman et al., 

2009) could be important in identifying and tracking problem behaviors in settings and 

situations that were not specific targets of FCT treatment.

Because we were not able to obtain follow-up data at 6 months post-treatment for all 

families, we could not be certain that families without long-term follow-up had the same 

level of positive behavioral outcomes as other families. We did not compare behavioral 

interventions to treatment with psychoactive medication although treatment was successful 

for nearly all children regardless of whether or not they were receiving medication during 

the study period. Intellectual abilities of children in the study ranged from severe ID to 

above average ability, and no children were excluded based on limited vocal communication 

or level of IQ. FA+FCT treatment was successful across all IQ ranges for the young children 

who participated in the study.
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Recommendations for Future Research

There is an expanding literature on telehealth service delivery for ASD interventions 

(Heitzman-Powell, Buzhardt, Rusinko, & Miller, 2013; Knutsen et al., 2016; Machalicek et 

al., 2016, 2010; Vismara, Young, & Rogers, 2012; Vismara, Young, Stahmer, Griffith, & 

Rogers, 2009; Wainer & Ingersoll, 2015), and future research on ABA telehealth will need 

to determine when to provide treatment and at what level of intensity. These timing and dose 

issues, as discussed by Lindgren et al. (2016), warrant careful study, as will issues such as 

the interaction of ABA treatment with other therapies, effects on family stress, prevention of 

the resurgence of problem behavior when a child’s appropriate requests are ignored, and the 

development of strategies to ensure treatment generalization across home and community 

settings. An ongoing multi-state collaborative study is currently comparing treatment 

outcomes of a standard FA+FCT package to a more streamlined, “pragmatic” version of the 

same intervention to try to identify an even more cost-effective way to deliver ABA 

treatment to families via telehealth (Lindgren and Wacker, 2015).

In addition to research that refines FA+FCT treatment methodology and increases access to 

ABA-based treatment packages through telehealth, it is important to continue to develop a 

range of other parent-mediated strategies for improving behavior in young children with 

ASD. These efforts will give families choices in the types of intervention provided so that 

treatment can be matched to the specific needs of both parents and children. For example, 

RCTs have been completed for Parent-Child Interaction Therapy (Ginn, Clionsky, & Eyberg, 

2017), Project ImPACT (Ingersoll et al., 2016), Pivotal Response Treatment (Gengoux et al., 

2019), and other structured forms of “parent training” (Bearss et al., 2015). All of these 

treatment approaches have produced positive behavioral effects for children with ASD, 

although the results differ in terms of the types of behavior change and the extent of that 

change. Systematic reviews and meta-analyses have summarized several of these studies and 

have also identified other research that supports the validity and importance of parent-

implemented ASD interventions to reduce problem behavior (Postorino et al., 2017; Tarver 

et al., 2019). Several of these interventions have even shown promise for remote delivery via 

telehealth (Bearss et al., 2018; Wainer & Ingersoll, 2015). Future studies that combine 

broad-based parent training with FA+FCT may be able to achieve both targeted behavior 

change through FCT and broader generalization of treatment effects to a wider range of 

environments.

The traditional, conservative recommendation following a successful randomized trial of 

modest size is to suggest the need to complete a similar but larger trial in real-world settings 

and across multiple sites. In view of the current results, this recommendation must be 

weighed against the fact that large behavioral trials are extremely costly and there is already 

a large body of high-quality single-subject research supporting the use of FA and FCT with 

children with ASD and other developmental disabilities. Given the acceptance of FA+FCT 

as a “best practice” for treating severe problem behavior (Reichle & Wacker, 2017; Tiger et 

al., 2008) and the existing evidence for the feasibility and cost-effectiveness of completing 

FA+FCT via telehealth (Lindgren et al., 2016), our recommendation would be to move 

quickly to implement ABA telehealth strategies clinically while at the same time carefully 

initiating controlled trials to test the best procedures for achieving optimal behavioral 
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outcomes at reasonable cost. We would urge caution about designing future studies that 

compare an “active” behavioral intervention against “treatment as usual.” Instead, we would 

recommend that all families receive a potentially useful intervention from the start of the 

study, which should optimize family engagement and acceptance of the treatments provided. 

Although many conceptual and practical research questions remain, the positive results of 

the current randomized trial should strengthen efforts to provide research-based behavioral 

treatment to young children with ASD.
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Figure 1. 
Randomized controlled trial: Study design and implementation
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Figure 2. 
Randomized controlled trial: Behavioral outcomes
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