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Abstract
Functional communication training (FCT) is an evidence-based practice used to mitigate challenging behavior by increasing 
functional communication skills. To increase the practicality and feasibility of FCT in natural settings, thinning schedules 
of reinforcement are typically programmed following FCT. In this review, we meta-analyzed 28 studies that incorporated 
a thinning schedule procedure following FCT for 51 children with intellectual and developmental disabilities ages 8 and 
younger. Using Tau-U, the results demonstrated overall moderate effect sizes for both challenging behavior and functional 
communication responses. Additionally, moderator analyses pertaining to participant characteristics, interventions, and study 
quality were conducted. Thinning procedures were most effective for children who had stronger communication repertoire. 
Implications for future research and practice are discussed.

Keywords  Functional communication training · Reinforcement schedule thinning · Children with intellectual and 
developmental disabilities · Meta-analysis

Researchers have estimated 10–15% of children with intel-
lectual and developmental disabilities (IDD) engage in 
challenging behavior such as aggression, self-injury, and 
property destruction (Emerson et  al. 2001; Lowe et  al. 
2007). Challenging behavior can sometimes be attributed 
to limited functional communication skills (Park et al. 2012). 
One intervention used to mitigate challenging behavior by 
increasing appropriate communication skills is functional 
communication training (FCT; Carr and Durand 1985). In 
FCT, an individual is taught to use an appropriate functional 
communicative response (FCR) to access their wants and 
needs instead of engaging in challenging behavior (Carr 
and Durand 1985). Challenging behavior is typically placed 
on extinction, whereby the individual no longer receives 

consequences that previously reinforced the challenging 
behavior (Hagopian et al. 2011). For example, a child may 
be taught to say, “I need to talk to you” as an alternative 
way to receive her mother’s attention rather than engaging 
in aggression.

Although FCT is an evidence-based practice (Muharib 
and Wood 2018; Wong et al. 2013) that has been effective 
in decreasing challenging behavior and increasing appropri-
ate FCRs among children with IDD (e.g.,  Muharib et al. 
2019), FCT may be unfeasible and impractical in natural 
settings because FCT requires caregivers/teachers to rein-
force every FCR emitted by the child. In other words, the 
caregivers/teachers must give the child what they are asking 
for every time the child uses the newly learned communica-
tion response. This may raise an issue when the child uses 
the FCR too often. In this case, the caregiver/teacher may 
be unable to deliver what the child is requesting (e.g., due to 
being in a public place or requesting during an instructional 
period) which can cause the FCR to undergo extinction. 
When the child does not receive the reinforcer upon using 
the appropriate FCR, the child may return to engage in chal-
lenging behavior (Fisher et al. 2000; Hagopian et al. 2011).
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Schedule Thinning

To facilitate maintenance effects in natural settings, 
researchers have followed FCT with schedule thinning 
procedures to bring the FCR to a practical level while 
maintaining low levels of challenging behavior. Sched-
ule thinning involves decreasing the rate or density of 
reinforcement until it meets the levels of reinforcement 
appropriate in the child’s natural environment (Hagopian 
et al. 2011). Examples of thinning schedules of reinforce-
ment following FCT include delay-to-reinforcement (e.g., 
Hanley et al. 2014), chained schedules of reinforcement 
(e.g., Falcomata et al. 2012a), multiple schedules of rein-
forcement (e.g., Greer et al. 2016), response restriction 
(e.g., Roane et al. 2004), and alternative activities which 
are often used to supplement multiple schedules of rein-
forcement (e.g., Hagopian et al. 2005). See Table 1 for 
definitions of these strategies.

There have been several reviews on the topic of FCT 
including those on the quality of the literature-base (e.g., 
Andzik et al. 2016; Durand and Moskowitz 2015), the 
quantified outcomes resulting from the intervention (e.g., 
Heath et al. 2015), and both quality and quantified out-
comes (e.g., Chezan et al. 2018). However, few reviews 
have focused on FCT outcomes related to reinforcement 
schedule thinning to prevent reemergence of challenging 
behavior and promote natural schedules of reinforcement 
post-intervention. In their descriptive review of FCT 
research, Tiger et  al. (2008) summarized strategies in 
reinforcement thinning, stressing the importance of this 
component for a socially valid intervention approach. 

Hagopian et al. (2011) conducted a comprehensive review 
of FCT studies with reinforcement thinning strategies. 
These researchers described four methods of thinning that 
can be used with FCT. This study included descriptions 
and examples of each approach, analyses of their strengths 
and limitations, and brief literature summaries. In the lit-
erature summaries, the number of studies and applications 
conducted per approach was reported with the percent-
age of studies that used supplemental treatment compo-
nents in the schedule thinning phase such as punishment 
or noncontingent reinforcement. In addition, participant 
diagnoses, target behavior typographies, and functions of 
challenging behavior among participants were reported. 
This review did not include effect sizes, standard analyses 
of study quality, or meta-analytic review components.

Quality of Literature Within FCT

Analyzing the quality of literature bases is an increasingly 
common practice in special education research because it 
allows for evaluations of internal validity within and across 
research studies. The use of standards to analyze quality also 
allows practitioners to evaluate evidence within and across 
intervention approaches. A review by Neely et al. (2018) 
evaluated the quality of the FCT generalization and main-
tenance literature, extending a review by Falcomata and 
Wacker (2013) focused on stimulus generalization. Studies 
were analyzed by their dimensions of generalization (i.e., 
generalization across tasks/activities, people, settings, or 
conditions), design in the generalization assessment (i.e., 
single probe post-treatment; multiple probes post-treatment 

Table 1   Definitions of schedules of reinforcement terms

Definitions adapted from Hagopian et al. (2011)

Terms Definitions Example

Delay-to-reinforcement A procedure in which a child is taught to tolerate 
brief delays or denials to receive the requested 
reinforcer

A child requests an iPad. The iPad is given to the 
child after 5 s of her request. The 5 s is the brief 
delay

Chained schedule of reinforcement A procedure in which the child is taught to 
complete of a series of tasks prior to receiving a 
reinforcer

A child asks for a break. The child is provided a 
break only after she completes putting away her 
toys

Multiple schedules of reinforcement A procedure in which the child is taught to differen-
tiate between periods of the day when reinforcers 
may or may not be accessible using signals

A teacher uses a green card to signal to the child the 
toy is available. Once the child requests the toy, 
the teacher delivers the toy. The teacher uses a red 
card to signal to the child the toy is unavailable. 
If the child requests the toy, the teacher does not 
deliver the toy

Response restriction A removal of the communication mode when the 
reinforcers cannot be delivered to the child

When group instruction begins, the teacher removes 
the child’s picture card that says “toys please”

Alternative activity During the times of the day in which reinforc-
ers cannot be delivered to the child, the child is 
provided with an alternative activity

When the child requests bubbles during periods of 
time when it is unavailable, the teacher gives the 
child another activity (e.g., playdough)
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either with or without pre-treatment probe data; or continu-
ous probes before, during, and after treatment), design in 
the maintenance assessment (i.e., single or multiple probe), 
generalization programming/teaching strategy (e.g., program 
common stimuli), maintenance probe latency, and results 
(e.g., positive, mixed, or negative outcomes on generaliza-
tion). The researchers used the pilot standards for single-
case research developed by the What Works Clearinghouse 
(WWC; Kratochwill et al. 2013) to assess study quality. The 
researchers developed their own rubric for evaluating the 
quality of the FCT generalization and maintenance litera-
ture based on the WWC standards, considering the unique 
practices that take place for probing and programming gen-
eralization and maintenance.

Neely et al. (2018) determined that, although many stud-
ies were sufficient according to the WWC standards, few 
studies met their adapted standards for generalization and 
maintenance, most of which did not use generalization and 
maintenance programming techniques used in the practice 
of applied behavior analysis (Stokes and Baer 1977). In 
other words, it was most common for research studies on 
FCT to “train and hope” for generalization (i.e., not program 
for generalization). Of the six articles that met the adapted 
WWC standards for generalization or met them with reser-
vations, four demonstrated positive results, three of which 
included no generalization programming. The FCT gen-
eralization data was found to be lacking important quality 
indictors set for interrater reliability and a minimum number 
of data per phase.

Purpose Statement

There is no consensus in the field regarding quality stand-
ards for evaluating generalization and maintenance phases 
of single-case research studies; this may be why procedures 
and quality represented in the literature varies (Neely et al. 
2018). Considering this, the current meta-analysis was con-
ducted to be inclusive of FCT studies evaluating approaches 
to promote sustained behavior change. This allowed us to 
maximize the samples of data included within effect size 
analyses for variables of interest. This study was designed 
to extend Hagopian et al.’s (2011) review by updating the 
literature on FCT with schedule thinning techniques to 
analyze data descriptively, according to quality standards, 
and meta-analytically. We also sought to analyze follow-
up phases of interest in studies according to their quality 
with procedures proposed by Neely et al. (2018), while not 
restricting meta-analysis inclusion by the level of quality 
within the maintenance/schedule thinning phase. Although 
there are limitations to meta-analyzing single-case data that 
do not meet quality standards, the purpose of this study was 
to determine preliminarily important directions for future 

FCT schedule thinning literature. A final purpose of this 
review was to evaluate the literature within the early child-
hood population (birth to 8 years) of individuals with IDD. 
Findings were restricted to this population to make specific 
conclusions for practitioners working with children with 
IDD. Heath et al. (2015) found that FCT outcomes gener-
ally appeared to be most positive with young children in 
comparison to adults. However, we are extending Heath’s 
review by including moderators such as schedule thinning 
procedures, settings, interventionists, and quality level of the 
studies to determine factors that may impact the effective-
ness of FCT for children with IDD.

This review aimed to meta-analyze single-case studies 
that examined thinning schedules of reinforcement follow-
ing FCT in children with IDD ages 8 years and younger. 
The focus was restricted to children ages 8 and younger 
based on the definition of early childhood by the Council for 
Exceptional Children’s Division for Early Childhood (DEC). 
Additionally, we evaluated the rigor of the included studies 
based on Reichow’s (2011) quality indicators. Specifically, 
the research questions were: (a) What is the quality of stud-
ies that included a thinning schedule procedure following 
FCT based on Reichow’s (2011) indicators? (b) Which study 
variables moderated the effects of FCT followed by a thin-
ning schedule of reinforcement on challenging behavior? 
and (c) Which study variables moderated the effects of FCT 
followed by a thinning schedule of reinforcement on FCRs?

Method

Search Procedure

The following three online databases were used to locate 
studies that incorporated a thinning reinforcement procedure 
following FCT: Google Scholar, ERIC, and PsycINFO. Mul-
tiple searches were completed by pairing keywords from the 
following two categories: (a) autism (search terms: ‘autism,’ 
‘autism spectrum disorder,’ ‘disability,’) and (b) functional 
communication training (search terms: ‘communication 
training,’ ‘functional communication,’ ‘functional analysis 
communication,’ and ‘synthesized functional analysis’). 
In other words, we paired each search term from the first 
category with each search term from the second category 
using “and” as well as “or.” The search was limited to peer-
reviewed journal articles published in English. We limited 
the search to peer-reviewed articles to improve the likeli-
hood of including high-quality studies in the review and to 
be consistent with prior meta-analyses (e.g., Cowan et al. 
2017; Ledbetter-Cho et al. 2018) published within Journal 
of Autism and Developmental Disorders. The reference lists 
of published literature reviews on FCT were also reviewed 
to identify potentially relevant studies (i.e., Andzik et al. 
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2016; Walker et al. 2018; Chezan et al. 2018; Durand and 
Moskowitz 2015; Falcomata and Wacker 2013; Gerow et al. 
2018; Heath et al. 2015; Mancil 2006; Neely et al. 2018; 
Tiger et al. 2008).

In addition, a hand search was conducted to identify stud-
ies published between 1985 (when FCT was established by 
Carr and Durand) to 2018 in the Journal of Applied Behav-
ior Analysis, a journal with a history of publishing behavior-
analytic intervention studies. This journal was selected based 
on Smith (2012) review findings that showed the Journal of 
Applied Behavior Analysis to be the most common source 
of published studies employing single-case designs. Finally, 
the reference lists of all included studies were reviewed. The 
search process concluded in June of 2018. After duplicates 
were removed, 863 articles remained to be screened for eli-
gibility. An initial title and abstract review to exclude extra-
neous articles (e.g., literature reviews, dissertations, books 
chapters) resulted in a total of 216 potentially-relevant arti-
cles. The fifth author conducted another independent search 
using the same search procedures for inter-rater agreement 
(IRA). IRA was calculated by dividing the number of agree-
ments by the number of agreements and disagreements mul-
tiplied by 100. As the fifth author also located the same 28 
studies, and did not find additional studies, the IRA was 
100%.

Inclusion and Exclusion Criteria

Abstracts of the 216 articles were reviewed to determine 
whether an article met the inclusion criteria. When the 
abstract did not clearly state the use of a reinforcement thin-
ning procedure following FCT, the authors accessed the full 
text to gather information about the independent variables 
and inspected the graphs to determine whether the study 
incorporated a reinforcement thinning procedure. Likewise, 
when the abstract did not state the behaviors targeted in the 
intervention, the authors read the dependent measure sec-
tion of article to determine whether the article reported a 
challenging behavior measure. Qualifying studies met the 
following criteria: (a) included at least one participant 
between the ages of 2 and 8 years who was diagnosed with 
an intellectual disability or other developmental disability 
(e.g., ASD, Down syndrome), as coding was completed 
at the participant level, (b) used a reinforcement thinning 
procedure following FCT (i.e., multiple schedules, chained 
schedules, delay-to-reinforcement, alternative activities, 
response restriction), and (c) included a dependent measure 
for challenging behavior. Challenging behavior included any 
behavior that was identified as problematic by the authors 
such as aggression (e.g., hitting, kicking), self-injury (e.g., 
head banging, self-pinching), property destruction (e.g., 
throwing objects), disruption (e.g., crying, yelling), non-
compliance, and/or elopement.

A study was excluded when it met at least one of the 
following exclusion criteria: (a) did not include at least one 
participant age 8 years or younger (e.g., Kahng et al. 1997), 
(b) did not include participants with a diagnosis of an intel-
lectual or other developmental disability (e.g., Petscher and 
Bailey 2008), (c) did not include a reinforcement thinning 
procedure following FCT (e.g., Muharib et al. 2019), and/
or (d) used additional strategies (e.g., noncontingent rein-
forcement, punishment). If a study used additional strate-
gies for some but not all of the participants, the study was 
included but the participants who received such intervention 
were excluded (e.g., Jan in Fisher et al. 2000). Based on the 
inclusion and exclusion process, a total of 28 studies were 
included in the review. To collect IRA, the fifth author was 
randomly assigned with 30% of the 216 articles to determine 
whether a study met or did not meet the inclusion criteria. 
The IRA for the inclusion and exclusion process was 100%.

Data Extraction and Analysis

Data Coding

We coded and summarized the included studies in terms 
of (a) participant descriptions (i.e., age, diagnosis, commu-
nication level), (b) challenging behavior (i.e., aggression, 
self-injury, elopement, property destruction, disruption), 
(c) communication form selected for the participant during 
FCT [i.e., vocal, augmentative and alternative communica-
tion (AAC), or both], (d) functional behavior assessments 
[FBAs; i.e., functional analysis (FA), descriptive FBAs], (e) 
targeted functions for intervention (i.e., escape, attention, 
tangibles, automatic, access to rituals), (f) research design 
(i.e., reversal, multiple baseline/probe, alternating treatment, 
changing criterion), (g) setting (i.e., home, school, clinic), 
(h) interventionist (i.e., researcher, parent), and (i) dependent 
variables measured during the reinforcement thinning inter-
vention. The first author extracted data across all studies. To 
collect IRA, the fifth author completed data extraction on a 
code-by-code basis across 30% of the studies selected at ran-
dom. The IRA was 99% (range 97–100%) for data extraction. 
Disagreements were discussed and resolved by reviewing the 
variables in the articles.

Quality Appraisal

We used the quality indicators for single-case studies sug-
gested by Reichow (2011) to determine the quality of the 
included studies. We used Reichow’s indicators for their high 
rigor and detailed criteria for each indicator. As described 
by Reichow, primary quality indicators include (a) partici-
pant characteristics, (b) independent variable, (c) baseline 
condition, (d) dependent variable, (e) visual analysis, and 
(f) experimental control. Secondary quality indicators are 
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(a) interobserver agreement, (b) Kappa, (c) raters who were 
naïve to the purpose of the review, (d) fidelity, (e) generali-
zation or maintenance, and (f) social validity. Each study 
was coded with high, acceptable, or unacceptable on each 
of the primary quality indicators and coded with a yes or no 
on each secondary quality indicators.

Based on the guidelines set forth by Reichow (2011), 
a single-case study can have a strong, adequate, or weak 
strength of quality. For a study to receive a strong quality 
rating, the study had to (a) meet all the primary quality indi-
cators by receiving a high quality rating on each and (b) 
meet three or more secondary quality indicators. For a study 
to receive an adequate quality rating, the study had to (a) 
receive a high quality rating on at least four primary indica-
tors, (b) receive no unacceptable quality rating on any of the 
primary indicators, and (c) meet at least two secondary qual-
ity indicators. A study received a weak quality rating when it 
(a) received a high quality rating on fewer than four primary 
indicators or (b) met fewer than two secondary indicators. 
Quality evaluations were completed by the first author. To 
calculate IRA, the fifth author evaluated 30% of the studies 
selected at random; these studies were different from those 
chosen for IRA during data extraction. IRA was calculated 
by adding the number of agreements (the final decision of 
weak, adequate, or strong), dividing the total by the number 
of reviewed articles, and then multiplying by 100. The IRA 
between the authors was 100%.

Preparation of Data

Although there is no agreed-upon method for calculating 
effect sizes in single-case research (Ledford et al. 2014), 
we used Tau-U for its ability to control for positive baseline 
trend. Tau-U (Parker et al. 2011) is a non-overlap method 
that was developed to address the issue of previous non-
overlap methods. In addition to controlling for positive base-
line trend, Tau-U can handle small data sets and discriminate 
magnitudes at the upper and lower limits (Vannest and Ninci 
2015). In addition, studies included in this meta-analysis 
are not varied in their characteristics (e.g., communication 
level, communication form, age and setting). For instance, 
the majority of our cases received treatment in a clinical 
setting. Due to the small number of the included studies in 
each category and subcategory, procedures such as meta-
regression are not a recommended option (Borenstein et al. 
2009). Finally, the use of confidence interval is a common 
practice in single-case meta-analyses as demonstrated in a 
variety of publications (e.g., Chaffee et al. 2017; Chezan 
et al. 2018; Cumming and Rodríguez 2017; Tincani and De 
Mers 2016; Whalon et al. 2015).

To calculate Tau-U scores, we extracted the value of each 
data point in participant graphs by using UN-SCAN-IT ver-
sion 5.2 (Silk 1992). This program allows one to manually 

digitize underlying x- and y-axis data points when data point 
values are not reported. To extract data from the graphs 
representing withdrawal, changing criterion, multielement, 
multiple-baseline, or multiple-probe designs, the second 
author identified each adjacent AB pair (baseline and fol-
lowing intervention phase); each pair was treated separately. 
Similarly, when a combination of withdrawal and multiple-
baseline or multiple-probe designs was present, data from 
each adjacent AB pair was extracted.

From the 28 studies included in this meta-analysis, a total 
of 270 AB phase contrasts were documented (extracted data 
can be requested from the first author). Fourteen studies used 
reversal designs or variations thereof (i.e., ABAB [n = 5], 
ABABC [n = 4], ABAC [n = 1], ABCBC [n = 1], ABAB-
CDADADAD [n = 1], ABABCACDAD [n = 1], ABCDE-
FABCDEF [n = 1]), four studies used changing criterion 
designs, five studies implemented multiple-baseline designs 
(i.e., across conditions [n = 1], across therapists and settings 
[n = 1], across two pairs and participants [n = 1], across par-
ticipants [n = 1], and across rituals [n = 1]), and five studies 
used a combination of two designs (i.e., reversal design with 
multielement [n = 3], multiple baseline with reversal design 
[n = 2]). In studies using reversal designs, AB contrasts were 
identified by pairing each (A) phase with the consecutive (B) 
phase. If a study included additional phases, such as a (C) 
phase or a (D) phase, the baseline condition (A) was paired 
with each included phase.

Effects Size Calculations

To calculate Tau-U, data were entered into the Tau-U cal-
culator at www.singl​ecase​resea​rch.org. All baselines were 
corrected and both baseline and comparison phases were 
combined to obtain Tau-U scores. We used the “weighted” 
feature in the calculator to obtain a weighted average of all 
the previous Tau-U scores. We used the weighted mean 
rather than the mean of all phase contrast means in order to 
calculate the overall mean, as not all phase contrast means 
had the same “weight” (i.e., they had different number of 
data points). Tau-U scores range from − 1 to 1 (Parker et al. 
2011) and can be interpreted using the following criteria: (a) 
0.20 or lower suggests a small effect; (b) between 0.20 and 
0.60 suggests a moderate effect; (c) 0.60 to 0.80 suggests a 
large effect; and (d) above 0.80 suggests a very large effect 
(Vannest and Ninci 2015). IRA was collected on effect size 
calculations. The fifth author calculated the effects size for 
30% of the contrasts. IRA results were 100%.

Moderator Analysis

After calculating Tau-U for each phase contrast, effect 
sizes were compared within each potential moderator. 
Two hundred seventy phase contrasts were used for this 

http://www.singlecaseresearch.org
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meta-analysis. One hundred forty-two contrasts targeted 
challenging behavior reduction and 128 targeted FCR acqui-
sition. Nine potential moderators were selected for analysis. 
Moderators pertaining to the characteristics of participants 
were: (a) grade level (preschool vs. elementary); (b) ages 
(2, 3, 4, 5, 6, 7, and 8); (c) comorbidity (single vs. multiple 
diagnoses), and (d) communication level (full sentences, 
defined as more than one-word-sentences; single words; 
gestures, defined as any prelinguistic behavior such as point-
ing or leading; and single words and gestures). Potential 
moderators pertaining to the characteristics of the interven-
tion were (a) procedures (delay-to-reinforcement, chained 
schedules of reinforcement, multiple schedules of reinforce-
ment, alternative activities, response restriction), (b) settings 
(home, school, clinic), (c) interventionists (researchers, par-
ents), and (d) communication forms selected for the partici-
pant (vocal, AAC, or both). The final potential moderator 
pertained to the quality of the studies based on Reichow’s 
(2011) indicators (adequate vs. weak). The effect of each 
potential moderator was separately analyzed for (a) chal-
lenging behavior and (b) FCRs.

The moderator analysis was completed in three steps. 
First, two Microsoft Excel spreadsheets were created for 
each moderator (e.g., setting, age). One of the spreadsheets 
included the phase contrasts pertaining to challenging 
behavior, and the other spreadsheet included the phase con-
trasts pertaining to FCRs. Next, we calculated the omnibus 
effect size for each category by adding all effect sizes within 
each spreadsheet. In order to evaluate the confidence interval 
ranges and determine statistical significance, the authors set 
the upper and lower bounds to 83.4%. At 83.4%, confidence 
interval ranges between variables represents p < .05 (Payton 
et al. 2003). Finally, all the omnibus effect sizes were placed 
in two tables, including the following values: (a) Tau-U, (b) 
upper confidence interval, and (c) lower confidence interval 
set at 83.4%. See Tables 3 and 4 for a summary of Tau-U 
values.

Results

Table 2 provides a descriptive summary of the studies. In the 
following section, we describe results from both descriptive 
and moderator analyses.

Descriptive Analysis

Participant Characteristics

A total of 51 participants between 2 and 8 years old received 
FCT across the 28 included studies. We coded the partici-
pants in terms of age, diagnosis, and communication level.

Age  We coded the participant age group as preschool (ages 
2 to 5) and elementary (ages 6 to 8). Over half of the partici-
pants (n = 32, 62.7%) were in the preschool age range, and 
37.3% (n = 19) were in the elementary age group.

Diagnosis  Slightly over half (n = 26, 50.9%) had a diag-
nosis of ASD with or without other secondary diagnoses. 
Thirty-seven percent of participants (n = 19) had a diagnosis 
of an intellectual or other developmental disability with or 
without a secondary diagnosis. A few participants (n = 11, 
21.5%) were diagnosed with a behavioral disorder such as 
attention deficit hyperactivity disorder, oppositional defiant 
disorder, or disruptive disorder. The number do not add up 
to 51 as some participants had multiple diagnoses.

Communication Level  Over half (n = 29, 56.8%) had been 
communicating using full sentences (more than one word), 
11.7% (n = 6) using a single word, 9.8% (n = 5) using both 
single words and gestures, and 7.8% (n = 4) using gestures. 
A communication level was not reported for seven partici-
pants.

Intervention Characteristics

We coded nine variables in terms of intervention character-
istics. These were topography of challenging behavior, FCR 
form selected for the participant, FBAs, targeted functions, 
intervention, dependent measures, research design, setting, 
and interventionist.

Challenging Behavior  Aggression was the most com-
mon topography of challenging behavior exhibited by 
participants (n = 40, 78.4%). Forty-three percent (n = 22) 
of the participants engaged in disruptive behavior, 35.2% 
(n = 18) engaged in property destruction, and 29.4% (n = 15) 
engaged in self-injurious behavior. Only 7.8% (n = 4) dis-
played elopement. As some participants engaged in multiple 
topographies of challenging behavior, the numbers do not 
add up to 51 and the percentages do not add up to 100%.

FCR  We coded the FCR forms selected for FCT intervention 
as either vocal, AAC, or both. For over half of the partici-
pants (n = 30, 58.8%), a vocal response was taught and for 
23.5% (n = 12), an AAC response (a picture, speech gener-
ating device, or sign) was taught. Only 3.9% of the partici-
pants (n = 2) were taught to mand using two forms (vocal 
and AAC). It should be noted that, for some participants, an 
FCR form was not reported (see Table 2).

FBAs  Experimental and/or descriptive FBAs were used to 
identify the function(s) of participants’ challenging behav-
ior. With the majority of participants (n = 43, 84.3%), FA 
as described by Iwata et al. (1994) was used to identify the 
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function(s) of participants’ challenging behavior whether 
alone or subsequent to descriptive FBAs. For 9.8% of these 
participants (n = 5), FAs were conducted in addition to 
interviews and/or observations. With 13.7% (n = 7), inter-
view-informed functional analysis as described by Hanley 
et  al. (2014) was used. With one participant only (1.9%), 
descriptive FBAs were used and not followed by an FA.

Targeted Functions  For the majority of participants 
(n = 37, 72.5%), challenging behavior was controlled by 
a singular form of reinforcement whereas for 27.5% of 
participants (n = 14), challenging behavior was multiply 
controlled. FCT was delivered to 52.9% of participants 
(n = 27) whose challenging behavior was maintained by 
access to tangibles, 47% of participants whose challeng-

Table 3   Analysis and outcomes for challenging behavior

Tau-U small change: < 0.20; moderate change: 0.20–0.60; large 
change: 0.60–0.80; very large change: > 0.80

Moderator Tau-U Upper CI Lower CI

Grade level
 Preschool − 0.44 − 0.490 − 0.396
 Elementary − 0.57 − 0.636 − 0.509

Age
 2 − 0.45 − 0.174 − 0.727
 3 − 0.40 − 0.471 − 0.338
 4 − 0.64 − 0.743 − 0.530
 5 − 0.42 − 0.514 − 0.333
 6 − 0.47 − 0.600 − 0.331
 7 − 0.65 − 0.735 − 0.558
 8 − 0.52 − 0.641 − 0.397

Setting
 Clinic − 0.53 − 0.573 − 0.480
 Home − 0.40 − 0.486 − 0.317
 School − 0.98 − 1.181 − 0.779

Study rigor
 Adequate − 0.92 − 1.014 − 0.829
 Weak − 0.40 − 0.445 − 0.362

Interventionist
 Parents − 0.31 − 0.378 − 0.237
 Researcher − 0.96 − 1.165 − 0.759

Comorbidity
 No − 0.52 − 0.574 − 0.469
 Yes − 0.45 − 0.508 − 0.398

Communication form
 AAC​ − 0.56 − 0.620 − 0.496
 Vocal − 0.50 − 0.546 − 0.447
 Vocal and AAC​ − 0.11 − 0.055 − 0.284
 Communication level
 Gestures − 0.50 − 0.558 − 0.445
 Full sentences − 0.56 − 0.620 − 0.496
 Single words − 0.11 − 0.055 − 0.284
 Gestures and single words − 0.48 − 0.583 − 0.376

Study category
 Chained schedule of reinforcement − 0.37 − 0.434 − 0.314
 Delay of reinforcement − 0.69 − 0.772 − 0.616
 FCT and response restriction − 0.57 − 0.710 − 0.428
 FCT and alternative activity − 0.82 − 1.202 − 0.447
 FCT and multiple schedule − 0.45 − 0.519 − 0.379

Table 4   Analysis and Outcomes for FCR

Tau-U small change: < 0.20; moderate change: 0.20–0.60; large 
change: 0.60–0.80; very large change: > 0.80

Moderator Tau-U Upper CI Lower CI

Grade level
 Preschool 0.11 0.056 0.165
 Elementary 0.56 0.506 0.620

Age
 2 0.74 1.018 0.466
 3 0.71 0.604 0.821
 4 0.49 0.400 0.588
 5 0.30 0.206 0.387
 6 0.18 0.076 0.275
 7 0.19 0.109 0.278
 8 0.14 0.261 0.026

Setting
 Clinic 0.20 0.155 0.242
 Home 0.63 0.523 0.730
 School 0.58 0.379 0.779

Study rigor
 Adequate 0.73 0.643 0.813
 Weak 0.15 0.107 0.195

Interventionist
 Parents 0.92 0.790 1.058
 Researcher 0.14 0.038 0.249

Comorbidity
 No 0.40 0.344 0.452
 Yes 0.14 0.079 0.193

Communication form
 AAC​ 0.20 0.137 0.273
 Vocal 0.37 0.318 0.419
 Vocal and AAC​ 0.25 0.406 0.092

Communication level
 Gestures 0.20 0.137 0.273
 Full sentences 0.37 0.313 0.420
 Single words 0.39 0.220 0.559
 Gestures and single words 0.25 0.406 0.092

Intervention
 Chained schedule of reinforcement 0.47 0.371 0.576
 Delay of reinforcement 0.44 0.371 0.516
 FCT and response restriction 0.00 − 0.119 0.110
 FCT and alternative activity 0.61 0.989 0.231
 FCT and multiple schedule 0.19 0.131 0.251
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ing behavior was maintained by escape from demands 
or attention (n = 24), and 31.3% of participants whose 
challenging behavior was maintained by access to atten-
tion n = 16). For only one participant (1.9%), challenging 
behavior was maintained by automatic reinforcement, and 
for 5.8% (n = 3), challenging behavior was maintained by 
access to rituals. The percentages do not add up to 100% 
as challenging behavior of 14 participants served multiple 
functions.

Intervention  Thirty-five percent of participants (n = 18) 
received a chained schedule of reinforcement, 25.4% 
(n = 13) received delay-to-reinforcement, 23.5% (n = 12) 
received a multiple schedule of reinforcement, 1.9% 
(n = 1) received an alternative activity procedure in addi-
tion to multiple schedules of reinforcement, and 15.6% 
(n = 8) received a response restriction intervention follow-
ing FCT. One participant received two types of interven-
tion, therefore, the numbers do not add up to 51 and the 
percentages do not add up to 100%.

Dependent Measures  For all participants (n = 51, 100%), 
challenging behavior was the primary dependent meas-
ure. For 86.2% (n = 44), FCRs were also measured dur-
ing reinforcement thinning procedures. Less frequently, a 
tolerance response (e.g., “OK”) was measured for 13.7% 
of participants (n = 7), and task completion was measured 
for 11.7% (n = 6).

Research Design  For over half the participants (n = 34, 
66.6%), a reversal design, whether alone or combined 
with another research design, was used to demonstrate the 
effects of a reinforcement thinning procedure. Researchers 
evaluated the effects of the interventions using a multiple 
baseline design for 27.4% of participants (n = 14), alter-
nating treatment design for 7.8% (n = 4), whether alone 
or combined with other research designs, and changing 
criterion design for 5.9% (n = 3) of participants. The per-
centages do not add up to 100% as for some participants, 
a combination of designs was used.

Setting and  Interventionist  Most participants (n = 32, 
62.7%) received the intervention in a clinical setting. 
For 25.5% of participants (n = 13), the intervention was 
delivered in their homes. Only 5.9% of participants (n = 3) 
received the intervention in a school setting. A setting was 
not reported for three participants. In the reviewed stud-
ies, researchers and parents served as interventionists. For 
74.5% of participants (n = 38), the intervention was deliv-
ered by a researcher whereas only 25.5% of participants 
(n = 13) received the intervention by a parent.

Study Quality

Of the 28 studies, only 28.6% (n = 8) demonstrated adequate 
quality based on Reichow’s (2011) criteria. The remaining 
studies (n = 20, 71.4%) were of weak quality. Of particular 
interest, only 10.7% of the studies (n = 3) reported data on 
procedural fidelity (Beaulieu et al. 2018; Rispoli et al. 2014; 
Suess et al. 2014). In terms of generalization, only 7.1% of 
studies (n = 2) measured generalization of the skills (Beau-
lieu et al. 2018; Shamlian et al. 2016).

Moderator Analyses

Table 3 presents moderator effect sizes and confidence inter-
vals for FCR. Table 4 presents moderator effect sizes and 
confidence intervals for challenging behavior.

Participant Characteristics

Moderator analyses of participant characteristics included 
age (i.e., 2, 3, 4, 5, 6, 7, 8), grade level (i.e., preschool, ele-
mentary), secondary diagnosis, communication level (i.e., 
full sentences, single words, gestures, gestures and single 
words) and communication form (i.e., AAC, vocal, vocal 
and AAC) categories. Ages ranged from 2 to 8 years and 
most participants were 4 years old (25%). Thirty (58.8%) 
participants were identified as being in preschool, whereas 
21 (41.2%) participants were identified as being in elemen-
tary school. Effects by age categories ranged from small to 
large effect for FCR and moderate to large effect for chal-
lenging behavior. These effect sizes show a wider range for 
FCR (0.14 to 0.74) in comparison to challenging behavior 
(0.40 to 0.65). Results did not differ based on age category. 
However, the largest effects are shown in FCR for ages 2 and 
3 whereas the lowest effect is shown in FCR at age 8. This 
pattern seems to indicate that FCR is more likely to be suc-
cessful when participants are young. Effects by grade level 
ranged from small to moderate effect for FCR and moderate 
effect for challenging behavior. Like in age categories, FCR 
showed a wider range. Larger effects were seen in elemen-
tary compared to preschool.

Effects sizes for secondary diagnosis ranged from small to 
moderate for FCR and were moderate for challenging behav-
ior. Participants (n = 19) with secondary diagnoses showed 
a smaller effect (ES = 0.29) than participants (n = 32) who 
did not have an additional diagnosis (ES = 0.46). Overall, 
outcomes for communication level show a larger effect for 
FCR (ES = 0.82) than for challenging behaviors (ES = 0.60). 
Interestingly, single words produced the largest effect when 
the goal was to decrease challenging behaviors (ES = 0.39) 
but produced the smallest effect when the goal was to 
increase FCR (ES = 0.11). Effect sizes for communication 
form ranged from small to moderate. For both FCR and 
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challenging behaviors, vocal and AAC had the lowest effect 
sizes (ES = 0.25 and 0.11). AAC had the highest effect size 
for challenging behaviors (ES = 0.56) whereas vocal had the 
highest effect size for FCR (ES = 0.37).

Intervention Characteristics

Moderator analyses of intervention characteristics included 
intervention type, settings (i.e., clinic, home, school), and 
interventionist (i.e., parents, researchers) categories. Effects 
for intervention type ranged from small effect to large effect 
for FCR and moderate to very large effect for challenging 
behavior. Of all the interventions, alternative activities 
produced the largest effect sizes for both FCR and chal-
lenging behavior (ES = 0.61 and 0.82), though it should be 
emphasized that this was based on only one participant in 
the sample. Chained schedules of reinforcement produced 
the lowest effect size for challenging behavior (ES = 0.37) 
and multiple schedules of reinforcement produced the lowest 
effect size for FCR (ES = 0.19). Because response restric-
tion entailed removal of the FCR mode, the effect size was 
0 for FCR. Effects for setting ranged from small to large 
effect for FCR and moderate to large effect for challenging 
behavior. FCR showed again a wider range. These results 
show an interesting pattern. When it comes to decreasing 
challenging behaviors, school settings seem to show much 
larger effect (ES = 0.98) and home settings show the lowest 
effect (ES = 0.40). When the focus is to increase the FCR, 
home settings seem to show larger effect (ES = 0.63). In this 
case, school setting shows a lower effect but not far behind 
(ES = 0.58). These outcomes seem to indicate that home set-
tings are better suited for the acquisition of skills. Effects for 
interventionist ranged from small effect to very large effect 
for FCR and moderate to very large effect for challenging 
behavior. Outcomes also show an interesting pattern. When 
the goal of studies was to increase FCRs, parents were more 
effective (ES = 0.92) and researchers were less effective 
(ES = 0.14). When the goal was to reduce challenging behav-
iors, the opposite was true. In this case, researchers were 
more effective (ES = 0.96) and parents were less effective 
(ES = 0.31). These outcomes seem to indicate that parents 
were more effective when teaching FCRs while researchers 
were more effective when the goal was to reduce challeng-
ing behaviors.

Study Rigor

Moderator analysis of study rigor included adequate and 
weak. Effects ranged from small to large for FCR and mod-
erate to very large for challenging behavior. These outcomes 
show that studies with an adequate level of rigor show a 
larger effect size (ES = 0.82) compared to studies with weak 

rigor (ES = 0.27). According to these results, studies with 
higher degree of quality produce larger effect sizes.

Discussion

The purpose of this meta-analytic review was to summa-
rize studies in which thinning schedules of reinforcement 
following FCT were evaluated for children with IDD ages 
8 and younger. Given the prevalence of challenging behav-
ior among children with IDD (Emerson et al. 2001; Lowe 
et al. 2007) and the well-established evidence-base support-
ing FCT as strategy to address challenging behavior (e.g., 
Muharib and Wood 2018; Wong et al. 2013), it is important 
to explore the conditions under which thinning schedules 
of reinforcement following FCT has been implemented and 
whether such strategies are more effective in addressing 
challenging behavior when implemented under particular 
conditions, while also evaluating the quality of the support-
ive research. This information can inform guidelines for 
stakeholders who assume responsibility for implementing 
FCT with children in a range of settings (e.g., parents, teach-
ers, therapists) and identify critical areas for future research. 
In the following sections, we describe key findings, implica-
tions, and future research areas.

Key Findings and Implications

We conducted descriptive analyses to summarize participant 
and study characteristics and study quality and moderator 
analyses to examine whether particular variables contrib-
uted to more or less pronounced child outcomes during rein-
forcement thinning conditions. Findings and implications for 
both sets of analyses are described in detail in the following 
sections.

Descriptive Outcomes

Overall, reinforcement thinning procedures were imple-
mented across a wide range of participant and intervention 
conditions. However, a majority of children were reported to 
have advanced communication skills, with over half commu-
nicating vocally in full sentences. Children with severe IDD 
often have complex communication needs that necessitate 
AAC to replace or supplement speech and may communi-
cate at less advanced levels (e.g., Snell et al. 2010). This is 
important to note, as children in the reviewed studies may 
not represent those considered to have severe disabilities; 
therefore implications related to our findings may be more 
applicable to those with less extensive support needs. We 
were unable to code for extent of support needs as informa-
tion to do so (e.g., adaptive behavior scale results, IQ assess-
ment scores) was typically not reported.



4802	 Journal of Autism and Developmental Disorders (2019) 49:4788–4806

1 3

A majority of interventions were informed by an experi-
mental FA with only one informed by descriptive FBA. 
Typically, experimental FA is considered the most efficient 
and precise strategy for identifying behavioral function(s) 
and informing subsequent intervention planning (Falcomata 
et al. 2012a). This finding is promising, as it increases the 
likelihood that the FCT and reinforcement thinning strat-
egies were technically adequate and more likely to yield 
desired outcomes. However, it is important to consider 
implications for those implementing FCT in natural envi-
ronments, as experimental FA is usually conducted by a 
highly-skilled assessor, and therefore may not be feasible 
or contextually appropriate for school and home settings. 
Interestingly, Walker et al. (2018) found that FCT involving 
AAC was more effective in school settings when informed 
by descriptive FBA as compared to FA, raising important 
questions about the utility of different FBA strategies in nat-
ural settings. Nonetheless, when faced with complex cases, 
FA should be considered, with skilled experts providing 
training or assistance when appropriate (e.g., Rispoli et al. 
2015; Simacek et al. 2017).

Findings also revealed that a variety of reinforcement 
thinning procedures identified in previous reviews (Hago-
pian et al. 2011; Tiger et al. 2008) have been explored with 
young children with IDD. Caregivers and teachers should 
consider a range of reinforcement thinning strategies based 
on contextual factors and student characteristics (Tiger et al. 
2008) but should exercise caution when selecting strategies 
that limit opportunities to communicate (even if temporar-
ily). For example, response restriction involves the removal 
of a child’s mode of communication when reinforcement is 
unavailable, a strategy that when applied to students who use 
AAC can significantly interfere with their communication 
rights (see Brady et al. 2016). In most cases, reinforcement 
thinning strategies were used to address aggression, a find-
ing similar to that of Hagopian et al. (2011), with fewer 
cases focused on disruptive behavior, property destruction, 
self-injury, and elopement. Young children engage in a wide 
range of behaviors that can interfere with learning and social 
interactions, damage property, and/or cause harm to the 
child or others (Powell et al. 2007). If unresolved, challeng-
ing behavior can increase in intensity and occurrence, and 
may become more resistant to intervention as the child ages 
(Heath et al. 2015). As such, it is important for practitioners 
to consider FCT followed by reinforcement thinning for any 
challenging behavior including, but not limited to aggres-
sion, that significantly interferes with daily functioning.

Another noteworthy finding relates to intervention set-
ting. A majority of interventions was implemented in clini-
cal settings, with fewer implemented in home and school 
environments. Specifically, only 13 and three children 
received FCT in home and school settings, respectively. This 
presents important questions about the extent to which child 

outcomes generalize from clinical to natural settings, includ-
ing home, school, and community environments. It is crucial 
for interventionists to program for generalization (Stokes and 
Baer 1977), as children with IDD often fail to generalize 
newly acquired skills across different conditions when “train 
and hope” approaches are employed. Regardless of setting, 
highly-skilled researchers primarily delivered the interven-
tion. Therefore, implications of this review are significantly 
limited for school- and home-based intervention. In a few 
cases, family members were trained to implement FCT and 
reinforcement thinning procedures to acceptable levels of 
implementation fidelity (e.g., Suess et al. 2014), suggesting 
that individuals with limited or no experience in FCT can 
be successful in their implementation with external support 
involving performance feedback and prompting strategies. 
In fact, both Andzik et al. (2016) and Walker et al. (2018) 
found that teachers can effectively implement FCT across 
a range of students and challenging behaviors, though the 
extent to which this is true for reinforcement thinning fol-
lowing FCT is unknown.

Based on the quality appraisal following guidelines set 
forth by Reichow (2011), over a quarter of the studies dem-
onstrated adequate quality, with the remaining studies dem-
onstrating weak quality. Given this substantial number of 
studies with weak quality, readers should exercise caution 
when interpreting the results of the moderator analyses, as 
the credibility of the reinforcement thinning procedures out-
comes may be comprised by weak quality ratings (Cooper 
et al. 2009). Furthermore, few studies measured the extent 
to which reinforcement thinning procedures were imple-
mented with fidelity by interventionists, a common limita-
tion across FCT studies (Muharib and Wood 2018). Because 
implementation fidelity can affect intervention effectiveness 
(Mayer et al. 2014), interventionists must carefully monitor 
the extent to which reinforcement thinning procedures are 
being implemented and adjust accordingly; otherwise, inter-
ventionists may erroneously attribute limited improvement 
in student behavior to an ineffective intervention plan, poten-
tially leading to premature abandonment of the intervention.

Moderator Outcomes

Across all children, the reinforcement thinning procedures 
following FCT produced an overall moderate effect (0.49 
for challenging behavior and 0.56 for FCRs). We examined 
effect sizes across several variables to determine whether 
they moderated reinforcement thinning intervention effect. 
In this section, we highlight a few notable findings from 
these analyses. Effect sizes for challenging behavior and 
FCRs were higher for students with a single diagnosis as 
compared to students with a secondary diagnosis. Perhaps 
students with a secondary diagnosis have more extensive 
support needs that affect communication abilities due to the 
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co-occurring disability, potentially limiting FCR skill acqui-
sition and challenging behavior, though findings related to 
communication characteristics as moderators of FCT out-
comes in other reviews are mixed (e.g., Walker et al. 2018; 
Heath et al. 2015).

Alternative activities as a reinforcement thinning 
approach produced the largest overall effect size for meas-
ures of challenging behavior and FCRs, with effect sizes for 
chained and multiple schedules of reinforcement the low-
est for challenging behavior and FCRs, respectively. The 
alternative activities approach involves providing the child 
with an alternative activity (e.g., a toy) when the functional 
reinforcer is not available resulting in attenuation of motiva-
tion to engage in challenging behavior. Chained schedules of 
reinforcement involve demands whereby the child completes 
a series of activities before gaining access to the reinforcer, 
which can potentially be aversive depending on the nature 
of the demands. Multiple schedules of reinforcement often 
include a contingency specifying rule (e.g., wearing a spe-
cific colored wristband to signal reinforcement is available/
unavailable and explaining the contingency to the child), and 
depending on a child’s receptive language abilities, the con-
tingency may not be well understood. To improve the effec-
tiveness of these two strategies, practitioners can assess the 
child’s support needs to make necessary adjustments (e.g., 
visual within-activity schedule of required activities prior 
to reinforcement). It should be noted that only one student 
received an alternative activity across the reviewed studies, 
thereby the extent to which conclusions can be drawn from 
this particular analysis is severely limited.

In addition, effect sizes for reinforcement thinning were 
highest for challenging behavior measures when researchers 
delivered the intervention, whereas effect sizes were highest 
for FCRs when parents implemented the intervention. This 
is an interesting outcome as parents are considered natural 
communication partners and may have more influence over 
communication skill development due to their histories of 
interaction with their children (Biggs and Meadan 2018), 
whereas researchers are unfamiliar communication partners 
without such histories but are highly skilled in behavioral 
intervention and are more likely to implement procedures 
with high levels of fidelity. Similarly, effect sizes were the 
highest for FCRs when implemented in the home setting, 
likely due to the fact that family members tended to imple-
ment interventions in home environments. Reductions in 
challenging behavior were greater in school settings com-
pared to other settings, possibly due to exposure to peer 
models or additional supports in place (e.g., school- and 
class-wide behavior strategies). As was the case earlier, the 
limited number of cases in which reinforcement thinning 
following FCT was implemented in school and home set-
tings limits the extent to which one can draw conclusions 
from this analysis.

A final outcome from the moderator analyses revealed 
that effect sizes typically were stronger for studies with 
higher quality ratings. One particular area of study quality 
mentioned earlier was the absence of implementation fidel-
ity measurement across studies. If the extent to which an 
intervention is being implemented with fidelity is assessed 
over the course of an intervention and adjustments are made 
when implementation drops below an acceptable level, it is 
more likely that desirable student outcomes will be achieved. 
Furthermore, in order to a practice to be identified as evi-
dence-based, it must be implemented with fidelity and meas-
urement of such must be present in research demonstrations 
(Horner et al. 2005).

Limitations and Future Research Directions

There are a few limitations that are important to consider that 
inform future research directions. We conducted a moderator 
analysis by descriptively comparing Tau-U effect size scores 
across potential moderator variables. As such, we were 
unable to detect statistically significant differences in effect 
sizes, a process that could strengthen the findings. However, 
our primary purpose was to preliminarily evaluate potential 
moderators so as to identify additional areas for research 
that will lead to a more robust literature base. In terms of 
the search procedures, we did not search the gray literature 
for qualifying dissertations and master thesis papers, which 
could lead to publication bias, as there has been limited 
consensus on the acceptability of including unpublished 
research in meta-analytic reviews as demonstrated in recent 
meta-analyses that included the gray literature (e.g., Mag-
gin et al. 2017; Mason et al. 2013) and those that did not 
(e.g., Cowan et al. 2017; Ledbetter-Cho et al. 2018). How-
ever, with the increasing acceptance of and encouragement 
to include gray literature in systematic reviews (e.g., Gage 
et al. 2017), it might be helpful to include these additional 
demonstrations of reinforcement thinning evaluations to pro-
vide a more comprehensive review of the work in this area.

There are several significant limitations in the literature 
itself that will need to be explored further. For example, the 
limited number of cases in which reinforcement thinning was 
implemented school settings warrants additional research to 
explore the feasibility and effectiveness of different thin-
ning strategies within natural settings where other children 
and adults are present. Similarly, the literature contains few 
examples of typical interventionists (e.g., teachers, family 
members). Research efforts should focus on implementation 
of FCT thinning procedures among these interventionists, 
while also exploring the type and dosage of training neces-
sary to produce desired outcomes. There is a growing body 
of work supporting the effectiveness of training practices 
such as coaching with performance feedback (Fallon et al. 
2015), with such work extending to FCT implementation in 
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school settings (e.g., Andzik et al. 2016; Walker et al. 2018). 
There was only one instance in which alternative activities 
was used to thin reinforcement post FCT. More research is 
needed to explore this promising practice. Finally, we found 
it difficult to code for certain child participant characteris-
tics, as information was unclear or unavailable. In particular, 
the extent of children’s support needs was unclear; thus, it 
was difficult to determine for whom reinforcement thinning 
procedures were most effective.

Conclusion

We reviewed and meta-analyzed 28 intervention studies 
that involved a thinning schedule procedure following FCT 
for children with IDD ages 8 and younger. The results of 
Tau-U analyses demonstrated overall moderate effect sizes 
for both challenging behavior and FCRs. The findings sug-
gested that thinning procedures were most effective for chil-
dren who had stronger communication repertoires. Although 
the results suggested strong effects of alternative activities, 
additional research is needed as the sample consisted of only 
one child who had received such treatment. Overall, the find-
ings from this review are promising and provide preliminary 
guidance for practitioner implementation of thinning sched-
ule procedures following FCT.
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