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Abstract
Purpose  The skill-based treatment for challenging behaviour (SBT) is an intervention package that combines functional 
communication training with contingency-based delay and denial tolerance training. This systematic review and meta-anal-
ysis aimed to (a) investigate the application of SBT across diverse populations, setting, and target behaviours; and (b) to 
evaluate the effectiveness and social validity of SBT in reducing challenging behaviours.
Methods  This review was pre-registered on PROSPERO (ID: CRD42024561455). Seven databases were searched. Data 
were extracted on characteristics of studies, participants, and applications of SBT. Literature was assessed for quality using 
the Evaluative Method and Single Case Design Risk of Bias Tool. SBT outcomes were quantified with Baseline-Corrected 
Tau (Tau-BC).
Results  A total of 28 studies were reviewed, representing 99 individual SBT applications. SBT has been applied across par-
ticipants with varying diagnoses, challenging behaviours, and levels of ability, though mostly in controlled settings by skilled 
implementers. Studies provided evidence for the social validity of SBT. Baseline-Corrected Tau indicated SBT shows good 
reduction in challenging behaviour (M = 0.47, range: − 0.35–1.00). The Evaluative Method indicated the literature to be of 
varying quality (borderline-strong = 7%; adequate = 13%; borderline-adequate = 43%; weak = 37%), and the evidence-based 
practice score suggests SBT to be a potentially evidence-based practice.
Conclusion  The evaluative method indicates SBT to be an emerging evidence-based practice for addressing challenging 
behaviour, although the majority of the literature scored lower than adequate. We make recommendations for strengthening 
the literature base and outline key implications for practitioners.

Keywords  Meta-analysis · Skill-based treatment · Challenging behaviour · Problem behavior · Functional 
communication training · Schedule thinning
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teaching communication skills that reduce or replace the 
need for challenging behaviour (e.g., Carr & Durand, 1985) 
along with additional ecological manipulations (Gore et al., 
2013).

One such intervention that has received great attention in 
recent years is skill-based treatment (SBT). First introduced 
by Hanley et al. (2014), SBT is purported to be an efficient, 
effective, and safe way to address challenging behaviours 
(Jessel et al., 2018, 2022). The SBT intervention package 
comprises two core components: functional communication 
training (FCT) and delay and denial tolerance training. FCT 
is one of the most widely researched behavioural interven-
tions, with a growing number of systematic reviews and 
meta-analyses attesting to its efficacy in addressing chal-
lenging behaviour (Chezan et al., 2018; Gerow et al., 2018; 
Heath et al., 2015). In FCT, the interventionist teaches an 

Introduction

Challenging behaviours can impact the safety and quality 
of life of the person and those around them and may result 
in responses that are restrictive or exclusionary (Emerson et 
al., 2014; Holden & Gitlesen, 2006). Increased presentation 
of challenging behaviours correlates with communication 
difficulties (e.g., Holden & Gitlesen, 2006), and research 
indicates that challenging behaviours often serve a com-
municative function (Melanson & Fahmie, 2023). There-
fore, behavioural interventions are often directed towards 
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alternative functional communication response (FCR) 
that fulfils the same function as the challenging behaviour 
(Carr & Durand, 1985). Because this FCR is initially on a 
dense schedule of reinforcement, the schedule must then 
be thinned to increase the likelihood of the outcomes being 
maintained under natural conditions (Hagopian et al., 2011; 
Muharib et al., 2019; Tiger et al., 2008). Put simply, while 
initially the FCR achieves its consequence every time, this 
is gradually reduced to a level that is feasible to sustain in 
the person’s daily life. In SBT, the method of schedule thin-
ning is referred to as delay and denial tolerance training. 
The following sections will outline the SBT process in more 
detail.

Preassessments

Prior to commencing with FCT, the analyst must determine 
the reinforcement contingency that is maintaining the chal-
lenging behaviour. To do so, behaviour analysts typically 
conduct a functional analysis (FA) to identify environmen-
tal events associated with challenging behaviour, including 
establishing operations (EOs) that evoke the target behav-
iour and the consequences that reinforce and maintain it. 
The analyst contrives test and control conditions where an 
evocative event (EO) is present or absent; an increased rate 
of challenging behaviour in a test condition indicates the 
behaviour’s function. Most FAs in the behavioural literature 
have been based on the analysis first presented by Iwata et 
al. (1994), with separate, isolated conditions for each pos-
sible function (e.g., attention, escape from demands, or tan-
gible). Most often, implementers of SBT use a type of FA 
called an interview-informed synthesised contingency anal-
ysis (IISCA), first introduced by Hanley et al. (2014). In an 
IISCA, a control condition is contrasted with a single test 
condition in which all putative EOs and reinforcers are com-
bined (i.e., functions are synthesised). The synthesised con-
tingency is determined from an open-ended interview with 
caregivers (Hanley, 2012). Where reinforcing events are 
indicated as occurring together (e.g., escape from demands 
to preferred activities), this is the contingency that is tested. 
However, if a synthesised contingency is not indicated, then 
isolated contingencies may be tested (e.g., Fiani & Jessel, 
2022), meaning synthesised contingencies are a common 
but not essential feature of SBT.

Skill-Based Treatment

Functional Communication Training

In FCT, the functional reinforcement contingency identi-
fied in the FA is then made contingent on a replacement 
behaviour (the FCR). If multiple isolated contingencies are 

controlling the challenging behaviour, the analyst could 
implement SBT separately for each contingency (e.g., Kast-
ner, 2025), but generally implementers conduct a single 
SBT application with an omnibus FCR that accesses all 
reinforcers (e.g., saying “my way”; Jessel et al., 2018). 
Using such an omnibus mand (i.e., request) may avoid 
increases in challenging behaviour when FCT is applied to 
one contingency but not yet to another (Ghaemmaghami et 
al., 2016a, 2016b). Once this initial FCR is acquired, it may 
then be shaped by reinforcing progressively more complex 
FCRs (Ghaemmaghami et al., 2018). See Online Resource 
1 for a flow chart showing the responses that are reinforced 
in each phase of SBT.

Tolerance Response Training

In natural contexts, there will be occasions when reinforce-
ment is denied or not available. Teaching a specific tolerance 
response, such as taking a breath and saying “okay”, can 
increase tolerance for denial to reinforcement (Luczynski 
& Hanley, 2013). In SBT, tolerance response training takes 
place after the shaping of FCRs and before progressing to 
schedule thinning. In a proportion of trials in this phase, the 
FCR is given a denial cue (e.g., “not right now”) and engag-
ing in the tolerance response results in reinforcement. In the 
remaining trials, the FCR continues to be reinforced. This is 
done to maintain the strength of these responses and avoid 
the resurgence of challenging behaviour (Ghaemmaghami 
et al., 2016a, 2016b).

Schedule Thinning

In SBT, a contingency-based schedule thinning procedure is 
used to establish a chain of contextually appropriate behav-
iour between denial and accessing reinforcement (Jessel 
et al., 2018). In contingency-based schedule thinning, par-
ticipants are required to engage in an alternative behaviour 
and/or refrain from engaging in challenging behaviour for 
the duration of the delay period (Ghaemmaghami et al., 
2016a, 2016b). In other words, individuals are encouraged 
to willingly engage in meaningful tasks or activities before 
accessing reinforcement. Requiring the learner to engage 
in an alternative behaviour during delay periods is likely 
to produce greater tolerance and lower rates of challenging 
behaviour than simply increasing the time before provid-
ing reinforcement (Drifke et al., 2020; Ghaemmaghami et 
al., 2016a, 2016b). In SBT, the number, duration, or diffi-
culty of tasks is gradually increased. Similar to tolerance 
response training, the FCR and tolerance response continue 
to be reinforced in some trials. Following schedule thinning, 
once a meaningful level of engagement in non-preferred 
activities is achieved, the skills are often transferred to other 
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implementers, contexts, and tasks of importance (this is 
referred to in research as a treatment extension).

The Efficacy of SBT

It has now been over a decade since the initial publication 
demonstrating the SBT package (Hanley et al., 2014). To 
date, reviews and meta-analyses have focused primarily on 
the IISCA and its variations (Coffey et al., 2021; Layman et 
al., 2023; Metras & Jessel, 2021). Only a single review has 
been conducted looking at SBT itself (Hustyi et al., 2025). 
Hustyi and colleagues reviewed 21 studies applying SBT 
published up to September 2023. Of the 87 participants in 
their sample, most were male, 3 to 10 years-old, and diag-
nosed with autism. They found that FCRs were mostly vocal 
verbal, and few participants were supported to progress 
from omnibus to specifying FCRs. Hustyi and colleagues 
reported on efficacy in terms of a percentage reduction in 
challenging behaviour, finding an average of 98.2% reduc-
tion (range; 90–100%) across the 56 participants for whom 
percentage reduction was reported.

Hustyi and colleagues’ scoping review gave a welcome 
and timely overview of the literature on SBT (Hustyi et al., 
2025). However, they did not extract outcome data from 
the participants or compute an effect size or similar metric. 
They also did not assess the quality or risk of bias for the 
literature they reviewed. The present review will extend the 
literature by conducting a systematic review and meta-anal-
ysis of SBT, including assessment of research quality, risk 
of bias, and quantification of intervention outcomes. This 
systematic review and meta-analysis had two key aims:

1.	 to evaluate the current status of the evidence for the effi-
cacy and social validity of SBT in reducing challenging 
behaviour; and

2.	 to investigate the application of SBT across diverse set-
tings, populations, and target behaviours.

Methods

This review was pre-registered on PROSPERO (ID: 
CRD42024561455) and followed a Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses 
(PRISMA) methodology (Page et al., 2021). A full protocol 
was not produced. See Online Resource 2 for a completed 
PRISMA Checklist.

Eligibility Criteria

Empirical studies were included if they were written in Eng-
lish, used a single case experimental design, and applied 

SBT in reducing challenging behaviour with a human par-
ticipant. To be considered SBT, the intervention must have 
included the following:

1.	 Use of a FA to establish the function of the target 
behaviour.

2.	 Applying FCT to teach a functionally equivalent com-
municative response.

3.	 Teaching a specific tolerance response to be emitted fol-
lowing delay/denial cues.

4.	 Using a contingency-based schedule thinning procedure.

Searches

Searches of databases were conducted in June 2024 and 
were updated in January 2025 and August 2025 to retrieve 
records added after preceding searches. We searched the 
following databases: British Educational Index, ERIC, 
PubMed, PsycINFO, Scopus, and Web of Science. To 
include unpublished grey literature, we also searched Pro-
Quest Dissertations and Theses. Two further grey literature 
databases could not be searched due to consistently return-
ing errors (Open Access Theses and Dissertations) and 
outage following a cyber-attack (eThOS; British Library, 
2026). Searches were limited to records published after 
2013 to encompass the years since the seminal paper on 
SBT (Hanley et al., 2014). Search terms required either (a) 
words directly related to SBT (e.g., “practical functional 
assessment”, “SBT”) or (b) terms relating to FCT in combi-
nation with those relating to delay tolerance training (e.g., 
“delay”, “tolerance”, “reinforcement”). Full search strings 
for all databases can be found in Online Resource 3. Fol-
lowing initial scoping searches, searches on some databases 
(i.e., Web of Science, Scopus, and ProQuest Dissertations 
and Theses) were restricted to certain fields to reduce the 
quantity of irrelevant records. The search strategy was con-
firmed with a subject librarian prior to commencement.

We employed several additional search methods. The fol-
lowing journals were hand searched, reviewing issues from 
January 2014 onwards for any eligible studies:

1.	 Behavior analysis in practice
2.	 Behavior modification
3.	 Behavioral interventions
4.	 Behaviour analysis research and practice
5.	 Child and family behavior therapy
6.	 Education and treatment of children
7.	 European journal of behavior analysis
8.	 Journal of applied behaviour analysis
9.	 Journal of behavioral education
10.	 Journal of organisational behavior management
11.	 Journal of the experimental analysis of behaviour
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12.	 Perspectives on behavior science
13.	 The analysis of verbal behavior.

We also searched the publications list on the Practical Func-
tional Assessment Blog and emailed key authors to request 
any further unpublished works. Following full-text screen-
ing, we conducted backwards searching of references of 
included studies were searched and forwards searching of 
citations on Google Scholar. Finally, a Google Scholar alert 
was set up to identify studies published after searches were 
conducted. See Online Resource 2 for a PRISMA diagram 
depicting the search and screening process.

Screening

Screening was conducted in Rayyan (Ouzzani et al., 2016). 
After deduplication, 13,175 records remained. Two research-
ers independently screened all articles for inclusion across 
two stages. First, titles and abstracts were reviewed against 
the inclusion criteria and 13,127 records were excluded. The 
remaining 48 records were combined with those obtained 
through hand searches, author correspondences, and for-
wards and backwards searches. The resulting 64 full texts 
were screened for eligibility, with 34 excluded at this stage. 
For reasons for exclusion, see Online Resource 2. Where a 
dissertation and published version of the same study were 
identified, the dissertation was excluded but was checked 
for supplementary information during data extraction. The 
final sample comprised 30 studies. Details of included stud-
ies can be found in Online Resource 4.

Data Extraction and Synthesis

The first and second authors double-coded both stages of 
screening, the data extraction, quality assessment, and 
risk of bias assessment. The first author is a behavioural 
practitioner with four years’ clinical experience, currently 
completing the UKBA(cert) Supervision and Competence 
Standards. The second author is a Board-Certified Behav-
iour Analyst with 15 years of clinical experience. Partici-
pants and SBT applications where the intervention did not 
meet the inclusion criteria (e.g., no tolerance training) were 
excluded from data analysis. Where relevant, correspond-
ing authors were contacted for additional information. Data 
were collated, analysed, and visualised using Microsoft 
Excel.

Study and Participant Characteristics

For each study, we recorded the publication, country of 
origin, experimental design used, number of participants, 
the measurement procedures used, details of interobserver 

agreement and procedural fidelity, and any secondary 
dependent measures. The researcher also noted whether a 
variation of the SBT package was used (e.g., the enhanced 
choice model; Rajaraman et al., 2022a, 2022b). Information 
extracted for each participant included age, sex, ethnicity, 
diagnoses, and expressive and receptive communication 
ability. We recorded the responses included in the target 
response class and whether less dangerous behaviours and 
precursors were open to reinforcement. Expressive commu-
nication ability was extracted as reported by the authors, and 
was then coded as: Full Sentences, Single Words, Multiple 
Words/Phrases, Nonverbal, Aided Augmentative and Alter-
native Communication (AAC), or Unaided AAC. Aided 
AAC included electronic devices, picture exchanges, and 
communication boards. Unaided AAC included any non-
speech vocalisations, hand signing, gestures, and expres-
sions (Beukelman & Light, 2020).

Intervention Characteristics

For each SBT application, we extracted the setting, the 
identity and education level of the primary implementer, 
the reinforcement contingency applied, and details of pre-
assessments (e.g., FAs and preference assessments). We 
recorded the form and modality of each progressive FCR 
and tolerance response. Modality of FCRs were coded as 
Vocal Verbal, Aided AAC, and Unaided AAC (Beukelman 
& Light, 2020). Extinction for challenging behaviour was 
coded as either Extinction, Extinction with Prompted FCR, 
Extinction with Blocking, or No Extinction. For schedule 
thinning, researchers extracted the criteria for providing 
reinforcement, the criteria for progressing the schedule thin-
ning, and the response given when challenging behaviour 
occurred. We also noted whether generalisation and mainte-
nance were tested, details of treatment extensions, the inten-
sity (or “dosage”) of the intervention, and any information 
on cost- or time-effectiveness. Finally, we recorded details 
of any measurement of social validity of the goals, proce-
dures, and outcomes (Wolf, 1978).

Descriptive Synthesis

Data relating to study, participant, and SBT characteristics 
were synthesised descriptively. Categorical variables were 
summarised as frequencies and percentages, and continu-
ous variables were summarised using means, medians and 
ranges, as appropriate. The unit of analysis varied according 
to the characteristic being summarised. Study-level char-
acteristics were synthesised across the 30 included studies, 
participant-level characteristics across eligible participants, 
and intervention-level characteristics across individual SBT 
applications.
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Intervention Outcomes

Data were extracted from graphs using WebPlotDigitizer 
(Rohatgi, 2021), which has shown good validity and inter-
coder reliability (Drevon et al., 2017). We quantified the 
outcomes of interventions with Baseline-Corrected Tau 
(Tau-BC; Tarlow, 2017). Tau-BC is a non-overlap metric 
that uses rank order correlation to test for a statistically sig-
nificant baseline trend; where a trend is present, it adjusts 
for this trend before calculating the Tau value. Nonoverlap 
metrics generally align well with visual analysis (Alresheed 
& Machalicek, 2023).

We calculated Tau-BC using the Single Case Design 
Effect Size calculator (Pustejovsky et al., 2024) in R (R Core 
Team, 2023). Each A–B pair (baseline–intervention pairing) 
from participant graphs was entered into the calculator. For 
the intervention phase, we included from the first datapoint 
of the intervention to the last datapoint of maintenance to 
encompass all phases of SBT. Tau-BC was then computed 
for each pair before averaging across A–B pairs and SBT 
applications to produce a single Tau-BC value, a 95% confi-
dence interval, and a standard error for each participant. The 
weighting used for aggregation was the inverse of the vari-
ance. A Tau score less than 0.20 indicates a small change, 
between 0.20 and 0.60 is a moderate change, between 0.60 
and 0.80 is a large change, and greater than 0.80 indicates a 
very large change. If a study measured challenging behav-
iour and precursor behaviour separately, they were summed 
before calculating Tau-BC to give a measure comparable to 
other studies that provided only a combined value.

Quality Assessment/Risk of Bias

We assessed the quality of studies using the Evaluative 
Method (Reichow, 2011). With this tool, studies are scored 
either high, acceptable, or unacceptable against six primary 
indicators (Participant Characteristics, Dependent Vari-
able, Independent Variable, Baselines, Visual Analysis, and 
Experimental Control). Secondary indicators (IOA, Kappa, 
Blind Raters, Fidelity, Generalisation and Maintenance, 
and Social Validity) are scored as either present or not pres-
ent. From these scores is derived an overall quality rating: 
strong, adequate, or weak. Two further ratings, borderline 
strong and borderline adequate, were added to increase sen-
sitivity (Cowell et al., 2024; Tomlinson et al., 2018). The 
Evaluative Method also allows for calculating an evidence-
based practice Z score. This was conducted following the 
quality assessment to indicate the extent to which SBT can 
be considered an evidence-based practice. Details of how 
overall scores and Z-scores are calculated can be found in 
Online Resource 5.

The Single-Case Design Risk of Bias Tool (Reichow et 
al., 2018) was applied to each study. The tool translates the 
types of risk of bias from the Cochrane risk of bias tool (Hig-
gins et al., 2016) into those relevant to single-case designs: 
selection bias, performance bias, detection bias, and other 
risk of bias. Each type of bias contains individual items that 
are scored as high risk, unclear risk, or low risk.

Interrater Agreement

Disagreements were resolved until the overall agreement 
was 100%. Before resolving disagreements, the mean agree-
ment was 93% (range: 74%–100%) for the data extraction, 
81% (range: 50%–100%) for quality assessment, and 78% 
(range: 41%–97%) for risk of bias assessment. Online 
Resource 6 details interrater agreement scores.

Results

Study Characteristics

The final sample included 27 published peer-reviewed 
studies and 3 dissertations. Journals of publications were: 
Journal of Applied Behaviour Analysis (n = 8), Behavioral 
Interventions (n = 7), Behavior Analysis in Practice (n = 
4), Clinical Case Studies (n = 2), Education and Treatment 
of Children (n = 2), Journal of Autism and Developmental 
Disorders (n = 2), European Journal of Behaviour Analysis 
(n = 1), and Research and Practice for Persons with Severe 
Disabilities (n = 1). Almost all studies originated from the 
United States of America (n = 26; 87%). However, two 
USA-based studies had participants in India (Rajaraman 
et al., 2024), Western Canada, and Bahrain (Metras et al., 
2024). The median number of participants was 3 (range: 
1–25). The majority of included studies were conducted by 
researchers connected to the originators of SBT, but 11 stud-
ies were authored by researchers from unrelated research 
groups (i.e., Boyle et al., 2020; Cervi et al., 2024; Chan, 
2021; Edelstein et al., 2021; Ferguson et al., 2020; Kast-
ner, 2025; Lundy et al., 2021; Quiroz et al., 2024; Santa 
Maria, 2025; Strand & Eldevik, 2017; Taylor et al., 2018). 
Four studies applied SBT within the enhanced choice model 
(Metras et al., 2024; Rajaraman et al., 2022a, 2022b, 2024; 
Staubitz et al., 2022) and four used telehealth. All studies 
demonstrated experimental control by applying the rein-
forcement contingency progressively to different alternative 
communication responses, described as using “the logic of a 
changing criterion design”, usually embedded within a mul-
tiple baseline design.
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Participant Characteristics

After omitting participants whose SBT did not meet the 
inclusion criteria, there were a total of 107 participants in 
the sample. Results for participant characteristics can be 
seen in Table 1. Around three-quarters of participants were 
male (n = 81; 76%), and the significant majority (n = 103, 
96%) were aged under 14 years. Of the 41 participants for 
whom ethnicity was reported, most (n = 23; 56%) were 
white. The majority of participants were autistic (n = 88, 
80%), and 22% had an intellectual disability. Most partici-
pants had some level of vocal verbal language ability (n = 
74, 69%). Receptive communication levels were only able 
to be coded for 14 participants.

Target Behaviours and FCRs

Most participants’ target responses were a compound class 
including multiple topographies of challenging behaviour. 
For details of response types included in these classes, see 
Table 1. Less severe forms of behaviour were open to rein-
forcement (i.e., an open response class) for 72% of partici-
pants (n = 77). Most applications included some shaping of 
FCRs. Vocal verbal was the most common modality across 
FCRs (71% for initial FCRs and 61% for terminal FCRs). 
Aided AAC was more common (22% for initial FCRs and 
22% for terminal FCRs) than unaided AAC (1% for initial 
FCRs and 0% for terminal FCRs). Terminal FCRs were 
more likely to include unaided AAC with a primary vocal 
verbal (15%) or aided AAC response (2%; e.g., requiring 
the participant to also put their hands on their lap or ori-
ent to speaker while emitting the main FCR component). 
Tolerance responses were also most likely to be of vocal 
verbal modality (40%). Only two tolerance responses used 
aided AAC (Coffey, 2019; Fruchtman et al., 2025). Most 
non-vocal tolerance responses were unaided AAC (11%; 
e.g., nodding the head or clasping hands together). Detail of 
modalities for each FCR are shown in Online Resource 7.

SBT Characteristics

There were 111 SBT applications across the 107 partici-
pants. Results for SBT characteristics are shown in Table 2. 
Most applications (n = 105; 95%) applied contingencies 
derived from IISCAs (or variations thereof), with the major-
ity applying a synthesized reinforcement contingency (n = 
95; 86%). Only 15 applications applied a preference assess-
ment, with most relying on preferences identified through 
the functional assessment interviews. Four studies applied 
SBT within an enhanced choice model (representing 10 
applications). Terminal schedules averaged 7.6 min (range: 
0.5–60 min) or 24 tasks (range: 1–73), although these should 

Characteristic N%
Age
  0–4 29%
  5–9 54%
  10–14 13%
  15–19 3%
  20+ 1%
Sex/Gender
  Male 76%
  Female 16%
  Unclear/not provided 8%
Ethnicity
  White 21%
  Black 7%
  Latinx 7%
  Arab 1%
  Asian 1%
  Unclear/not provided 62%
Expressive Communication
  Full sentences 30%
  Multiple words 24%
  Single words 15%
  Nonvocal 13%
  Aided AAC 7%
  Multiple 2%
  Unclear/not provided 8%
Receptive communication
  Multistep instructions 12%
  Single-step instructions 1%
  Unclear/not provided 87%
Diagnosisa

  Autism 82%
  Intellectual disability 22%
  ADHD 16%
  No diagnoses 12%
  Generalised anxiety disorder 2%
  Depression 1%
  Down syndrome 1%
  Dyspraxia 1%
  Foetal alcohol exposure 1%
  Fragile X 1%
  Global developmental delay 1%
  Obsessive compulsive disorder 1%
  Sensory processing disorder 1%
  Tourette’s syndrome 1%
  Unclear/not provided 3%
Target Response Class Includeda

  Aggression 76%
  Elopement 16%
  Property destruction 24%
  Sexually inappropriate behaviour 1%
  SIB 36%
  Tantrums 32%
  Vocalisations 61%
  Unclear/not provided 6%
Response class

Table 1  Participant Characteristics
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be interpreted with caution because schedule thinning was 
highly individualised and generally included variation of 
task difficulty as well as quantity or duration. SBT was 
most often implemented in outpatient clinics and by thera-
pists, graduate students, or clinicians (e.g., BCBAs). Most 
applications were of lesser intensity, with fewer than 20 h 
per week allocated to SBT. Where cost and time data were 
available, total hours averaged 68.78 h (range: 23–167 h) 
and total costs averaged $5,984.91 (range: $2,975–8,650).

Intervention Outcomes

We computed Tau-BC values for 59 participants, of whom 
81% were autistic (n = 48) and 68% were male (n = 40). 
Values could not be calculated for the remaining 48 partici-
pants. Reasons included graphed data not being available, 
at least one phase having fewer than three datapoints (pre-
venting testing for a trend), or missing data. Details of Tau-
BC values and reasons for exclusion for all participants are 
given in Online Resource 9. For most participants (n = 25), 
Tau values indicated a moderate change (Tau = 0.20–0.60). 
Eight participants showed a very large change (Tau > 0.80) 
and 15 showed a large change (Tau = 0.60–0.80). A small 
change (Tau < 0.20) was measured for eleven participants. 
When interpreting these figures, it should be noted that 42 
participants had wide 95% CIs (i.e., with a width of 0.5–1), 
suggesting a wide margin of error.

Social Validity

Social validity was reported in 23 studies (see Online 
Resource 4 for details). In all instances, social validity was 
assessed by questionnaire, which represented 73% of par-
ticipants (n = 78). Questionnaires were completed by care-
givers (n = 65), members of the home care team (n = 16), 
or school staff (n = 6). Social validity questionnaires were 
also completed by two individuals who received SBT, with 
positive results in both instances (Diego in Leyman et al., 
2025; Adam in Taylor et al., 2018). Wherever question-
naires asked respondents to rate the social validity of proce-
dures (n = 73) and outcomes (n = 75), results were positive. 

Questions relating to the social validity of goals were less 
common: only six studies included them in the question-
naires, with positive responses in all instances.

Research Quality

Quality Assessment

Following the application of the Evaluative Method 
(Reichow, 2011), eleven studies were rated weak, thirteen 
studies were rated borderline-adequate, four studies were 
rated adequate, and two studies borderline-strong. Details 
of overall ratings and indicators for each study can be found 
in Online Resource 8. Six studies rated adequate or above 
were included in calculating the evidence-based practice Z 
score, representing 23 participants for whom visual analysis 
identified positive intervention outcomes. Of these partici-
pants, 83% were male (n = 19) and 78% were autistic (n = 
18). The resulting Z score was 46, indicating SBT as a prob-
able evidence-based practice.

Risk of Bias

Risk of bias ratings for the overall sample are summarised 
in Fig. 1. See the supplementary materials for details of rat-
ings for individual studies. The study with the most risk of 
bias domains rated as low risk was Rajaraman et al., (2022a, 
2022b; 7 of 9 indicators). Following that, three studies had 
six domains rated as low risk of bias (Lundy et al., 2021; 
Rose & Beaulieu, 2019; Staubitz et al., 2022). All the stud-
ies were scored as high risk on blinding of participants and 
personnel and blinding of outcome assessment. In half of the 
studies (n = 15), participants received training to emit FCRs 
prior to intervention measurement sessions, which involved 
prompting FCRs and contingent access to the functional 
reinforcers identified through the FA. This was considered 
high risk of bias for selective outcome reporting, as partici-
pants have already achieved non-baseline rates of FCRs and 
challenging behaviour before measurement begins, thereby 
establishing an inflated immediacy of effect.

Discussion and Conclusion

This systematic review and meta-analysis reviewed litera-
ture on SBT since the seminal publication of Hanley et al. 
(2014). In the decade since its introduction, there has been 
a sustained interest in SBT, with publications across eight 
journals, four countries, and from a variety of research 
teams. We extracted and analysed data from 30 studies, most 
of which were rated as weak using the Evaluative Method 
(Reichow et al., 2008). These studies represented 111 SBT 

Characteristic N%
  Open response class 72%
  Closed response class 28%
FCRs
  Shaping of FCRs 95%
  Single FCR 5%
AAC alternative and augmentative communication, ADHD atten-
tion deficit hyperactivity disorder, FCR functional communication 
response. Some percentages may not total 100% due to rounding
aMultiple-coded variable, so percentages may total more than 100

Table 1  (continued) 
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applications across 107 participants. The analysis sought to 
address two key research aims. The following sections will 
discuss the results in terms of these two aims and explore 
their implications for practice and research.

Research Aim 1: Evaluating the Evidence for the 
Efficacy and Social Validity of SBT in Reducing 
Challenging Behaviour

The analysis of intervention outcomes indicates SBT was 
effective in reducing challenging behaviour for the indi-
viduals in this review. The average duration of 68.78 h and 
average estimated cost of $5,984.91 indicate SBT may be 
a cost-effective intervention. The Tau-BC scores generally 
indicated a clinically significant reduction in challenging 
behaviour, although most applications had wide confidence 
intervals. Considering only those without wide 95% con-
fidence intervals, eight showed a very large change, two 
a large change, six a moderate change, and one a small 
change. However, it is important to note that only three of 
these applications were from studies with a quality rating of 
adequate or above.

The results of the quality assessment indicate SBT to be 
a potentially evidence-based practice, although most stud-
ies were of weak quality. However, we identified that the 
Evaluative Method can be overly sensitive in how its indi-
cators are scored, increasing the likelihood that a study will 
score poorly. For example, a study in which some partici-
pants’ data are unstable or overlap across phases will score 
poorly on the Baseline or Visual Analysis indicators, even 
if all other participants had good outcomes and stable data. 
This does not necessarily relate to the study quality and may 
actually indicate a strong design with a lower risk of bias 
(e.g., a consecutive controlled case series where partici-
pants’ data were published even if they were not as positive). 
Having a single primary indicator rated as unacceptable will 
mean the study cannot score above borderline-adequate. 
The risk of bias tool also highlighted possible indicators of 
bias. Taken together, the results of the quality assessments 
suggest caution in considering SBT as evidence-based at 
this time. Limitations to external validity are not uncom-
mon in single-case research designs (Horner et al., 2005). 
While research in single-case designs should, in general, 
aim to improve this area (Burns, 2012), this meta-analysis 
found specific gaps within the SBT literature. Some actions 
researchers could take to improve the quality of the litera-
ture base include reporting inclusion criteria, providing 
clear operational definitions for target behaviours, reporting 
demographic information for participants and intervention-
ists, measuring procedural fidelity, reporting the percent-
age of sessions within each phase for which interobserver 
agreement and fidelity were collected, considering the use 

Variable N%
Experimental Analysis
 IISCA 82%
 Latency-based IISCA 4%
 Performance-based IISCA 6%
 Single-session IISCA 3%
 Isolated FA 5%
 Mand analysis 1%
Other Pre-assessments
 Preference assessment 14%
Setting
 Outpatient clinic 60%
 Home 23%
 Special education school 15%
 Mainstream school 1%
Primary Implementer
 Therapist 39%
 Graduate student 17%
 Clinician/BCBA 13%
 Parent 7%
 Researcher 5%
 Direct care staff 3%
 Parent + clinician 1%
 Unclear/not provided 15%
Implementer’s Education Level
 Undergraduate 50%
 Postgraduate 5%
 Pre-undergraduate 2%
 Unclear/not provided 43%
Contingencies
 Synthesised 86%
 Attention + Escape 10%
 Attention + Tangible 10%
 Escape + Tangible 37%
 Attention + Escape + Tangible 29%
 Isolated 14%
 Attention 2%
 Escape 4%
 Tangible 9%
Days per Week
 Up to 1 1%
 Up to 2 4%
 Up to 3 10%
 Up to 4 11%
 Up to 5 30%
 Unclear/not provided 45%
Hours per Week
 Up to 20 23%
 Greater than 20 24%
 Unclear/not provided 48%
Extinction and FCR Prompting
 Extinction 83%
 Extinction only 12%
 Extinction + prompt FCR 59%
 Extinction + block CB 5%
 Unclear if prompted 8%

Table 2  Characteristics of SBT Applications
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of blinding, and conducting maintenance and generalisation 
tests. Additionally, including pre-session teaching data in 
measurement would give a more accurate reflection of par-
ticipants’ learning and avoid exaggerating the immediacy of 
effect (e.g., Rose & Beaulieu, 2019).

A high proportion of the studies in this review reported 
data on social validity (73%), which is a particular strength 
of SBT research compared with behaviour analytic research 
more generally (Leif et al., 2024). Overall, when social 
validity was reported, stakeholders found SBT acceptable 
and were pleased with the outcomes. Additionally, some 
studies incorporated other strategies which promote social 
validity, such as parent involvement in goal setting, parents 
being present or observing sessions, and children choosing 
whether to participate in SBT sessions. Involving stakehold-
ers in goal setting can help increase social validity (Vollmer 
& Pendergrass, 2025). Where parents were observing and 
able to terminate sessions at will, they did not do so, which 
indicates that they felt comfortable with the intervention. 
Social validity data were rarely gathered from the individu-
als receiving SBT. Although children actively choosing to 
engage in SBT sessions could be interpreted as a sign of 
finding the intervention acceptable or even enjoyable (e.g., 
Rajaraman et al., 2022a, 2022b). While these data were not 
included as evidence toward social validity in this review, 
they offer more insight into social validity and acceptabil-
ity of SBT, particularly where researchers measured other 
indicators such as engagement or interaction (Vollmer & 
Pendergrass, 2025). An avenue for further research would 
be including other indicators of social validity than just 
questionnaires (Barton et al., 2018), such as employing 
qualitative methodologies with various groups including, 
among others, autistic adults (Baiden et al., 2025), parents 
(Guinness et al., 2024), and the individuals receiving sup-
port (Hanley, 2010).

Research Aim 2: Investigating the Application of SBT 
Across Diverse Settings, Populations, and Target 
Behaviours

Our review identified several features of the literature on 
SBT which may be of interest to practitioners and research-
ers. SBT was mostly conducted by skilled implementers 
(e.g., therapists) in clinic settings. Additionally, as most 
researchers were connected to the originators of SBT, there 
are likely to be procedural similarities. Recipients of SBT 
were generally male, autistic, under the age of 9, and were 
able to speak in full sentences or multiple word phrases. 
While some studies implemented SBT in schools, with 
parents as implementers, with participants with other diag-
noses, and with AAC users, they represent fewer overall 
applications of SBT. Only two participants were over 18. 
Consequently, the current evidence base reflects a relatively 
narrow range of participants, implementers, settings, and 
research teams. This limits confidence in the extent to which 
findings will generalise to less-represented populations and 
contexts. Practitioners should consider these limitations 
when looking to implement SBT within broader contexts 
and participant groups. If implementing SBT within these 
groups or contexts, practitioners may need to adapt proce-
dures, implementation time may vary, or SBT may not be 
effective. While publications on a new intervention often 
come from a smaller pool of researchers, the field would 
benefit if more independent teams conducting SBT pub-
lished their findings (Cook et al., 2015). Researchers could 
further strengthen the literature by focusing on these less-
represented populations and contexts, with particular atten-
tion to any adjustments that may support more effective 
implementation.

While the overall structure of SBT remains the same (as 
outlined in the introduction), the literature reviewed shows 
that implementers often adapt the specific procedures to 
individualise SBT. This individualisation aligns with the 
concept of evidence-based practice not as a prescriptive 
adherence to a protocol, but as a decision-making process 
where practitioners use clinical expertise to select empiri-
cally evidenced procedures, with relevance to the needs and 
preferences of the individual (Contreras et al., 2022).

Adaptations were made in three broad components of 
SBT. For example, in some cases, specified mands were 
taught, but most applications used an omnibus mand. Spe-
cific mands are beneficial in that they enable a learner to 
better communicate their wants and needs to a variety of 
listeners, whereas an omnibus mand is less likely to be rein-
forced by unfamiliar communication partners (Ward et al., 
2021). However, Ward and colleagues found that learning an 
omnibus mand does not preclude learners from later acquir-
ing specified mands. While almost all reviewed applications 

Variable N%
 No extinction 9%
 Unclear/not provided 8%
ST – Criteria for Reinforcement
 Response based 65%
 Time based 18%
 Both 17%
ST – Response to CB
 Reset response requirement 37%
 Did not reset requirement 23%
 Unclear 41%
IISCA interview informed synthesised contingency analysis, BCBA 
Board Certified Behaviour Analyst, DRA differential reinforcement 
of alternative behaviour, DRO differential reinforcement of other 
behaviour. Some percentages may not total 100% due to rounding, 
ST Schedule Thinning
aMultiple-coded variable so percentages may total more than 100

Table 2  (continued) 
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shaped FCRs, we identified no cases where omnibus mands 
were shaped into specific mands. Researchers should con-
tinue to explore how the choice of omnibus or specified 
mands as well as the timing of shaping impacts the efficacy 
of interventions and long-term outcomes. Clinicians should 
carefully consider these matters when selecting and shaping 
FCRs to balance fast and functional skill acquisition, as is 
common practice when implementing Functional Commu-
nication training (Corr et al., 2025; Ghaemmaghami et al., 
2021; Tiger et al., 2008; Weber et al., 2024).

Implementers also frequently varied in their applica-
tion of schedule thinning. Most applications employed a 
response-based criterion for accessing reinforcement, with 
only 20 using purely time-based criteria. This is congru-
ent with research indicating that response-based schedule 
thinning produces better tolerance for delayed reinforce-
ment and lower rates of challenging behaviour (Drifke et 
al., 2020; Ghaemmaghami et al., 2016a, 2016b). When 
determining whether to progress to the next phase of sched-
ule thinning, most studies combined (a) their criterion for 
accessing reinforcement with (b) a criterion for challenging 
behaviour and (c) the number of trials/sessions across which 
these criteria needed to be met. For example, Lundy et al. 
(2021) progressed the delay when the participant achieved 
(a) 100% independent responding at each response require-
ment level with (b) no challenging behaviour (c) across two 
consecutive sessions. For clinicians, these variations high-
light the need for individualised support. However, studies 
give little-to-no guidance on why criteria were chosen or 

how these influenced learners’ progress. Considering the 
research into schedule thinning that is already available to 
support practitioner decision making (Hagopian et al., 2011; 
Kranak & Brown, 2024), future studies should explore these 
variations in more detail as they relate to SBT. Valuable 
areas of research may be to explore which schedules are 
most effective, how quickly they should be thinned, which 
combinations of criteria best suit different learner profiles, 
and how different schedules potentially influence acquisi-
tion, progress, and engagement.

Applications often varied in ways that attempted to reduce 
the potential aversiveness of procedures and increase safety. 
For example, applications varied in their use of full extinc-
tion, extinction with prompting of replacement behaviour, 
extinction with blocking of challenging behaviour, and some 
applications achieved a reduction in challenging behaviour 
without using extinction at all (e.g., Rajaraman et al., 2024; 
Staubitz et al., 2022). In some cases, extinction was applied 
only to nondangerous challenging behaviour (Fruchtman 
et al., 2025) or challenging behaviour was differentially 
reinforced (e.g., received a lesser quality of reinforcement 
than communication responses; Boyle et al., 2020). Further, 
the majority of applications reinforced precursors or less 
severe behaviours. By limiting the application of extinc-
tion and reinforcing less severe behaviours, participants are 
less likely to be exposed to aversive conditions and may be 
less likely to engage in more harmful behaviours (Warner 
et al., 2020). Such considerations align with current move-
ments toward trauma-assumed and compassionate care, 

Fig. 1  Risk of bias across the reviewed literature. Perform = performance
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assent-based practices, and procedures such as “kind extinc-
tion” (e.g., Breaux & Smith, 2023; Leyman et al., 2025; Tar-
box et al., 2023). It would be remiss not to highlight that 
some studies reset the reinforcement criteria in schedule 
thinning which can be conceptualised as response cost and 
could be aversive to participants. However, there were no 
data to demonstrate an increase in challenging behaviour 
when this occurred. Clinicians implementing SBT should 
consider carefully how they will respond to challenging 
behaviour to achieve effective outcomes while minimis-
ing aversiveness for the learner. Researchers could further 
explore how strategies to reduce distress and discomfort for 
participants impacts outcomes in SBT.

Limitations

There were several limitations to this meta-analysis. First, 
only one grey literature database was able to be searched, 
which may mean other unpublished studies were missed 
which could have reduced the impact of any publication 
bias. We did not formally assess risk of publication bias, 
which is generally considered best practice in meta-analysis 
for group designs (Page et al., 2018, 2024). Publication bias 
is rarely assessed in single case design meta-analyses and 
there is a lack of consensus on how to do so (Dowdy et 
al., 2022; Vannest et al., 2018). While emerging evidence 
suggests that publication bias in single-case research may 
be relatively modest, its potential influence cannot be ruled 
out (Dowdy et al., 2020). Grey literature was included in 
this review with a view to reducing the risk from publica-
tion bias. Good outcomes were observed in the three unpub-
lished dissertations that were included, and the participant 
from Coffey (2019) that was not in the published version 
showed a moderate Tau-BC effect. To address this limitation 
further, future reviews could examine publication status as 
potential moderator by comparing effect sizes between pub-
lished and grey literature (Shadish et al., 2014).

Second, it is possible that our inclusion criteria may 
have led to the exclusion of relevant data (e.g., participants 
who did not progress to schedule thinning). Additionally, 
our study included variations on the SBT procedure that 
may have differential outcomes (Rajaraman et al., 2022a, 
2022b). An avenue for further exploration may be to con-
duct a review with a slightly wider definition of SBT and 
then conduct a moderator analysis to explore the influence 
of each component on the outcomes (Dowdy et al., 2021). 
This would allow the inclusion and comparison of applica-
tions in some studies that were excluded from the present 
analysis.

A third limitation relates to the use of Tau-BC to mea-
sure intervention effects. Tau-BC quantifies only an absence 
of overlap between phases and not the magnitude of effect 

(Carter, 2013; Moeyaert et al., 2018). Additional measures 
of level change could have been incorporated to quantify 
the magnitude of the intervention effect (e.g., Landman et 
al., 2024). Furthermore, there was no aggregation between 
cases to produce study-level or overall effect sizes, as is 
common practice in group design meta-analysis (Moeyaert 
et al., 2018). Tau-BCs creator advocates computing omnibus 
effect sizes with Tau-BC (Tarlow, 2017); however, others 
advise against using overlap indices for such aggregations 
(Moeyaert et al., 2018). We did not calculate effect sizes 
across cases due to the within-case nature of single case 
designs. Nevertheless, participant-level effect sizes require 
more effort for readers to interpret (though notably less than 
visual analysis of individual participant graphs; Dowdy et 
al., 2021).

Conclusion

Taken together, the findings of this review show emerging 
evidence of the efficacy of SBT. There is a need for further 
high-quality studies evidencing the effectiveness of SBT, and 
there are some areas and populations for which evidence is 
particularly lacking. Researchers should consider carefully 
the recommendations for improving quality assessment 
scores when conducting further research. The results of 
this review suggest that practitioners may consider SBT as 
a potentially evidence-based practice. However, the status 
of the research on the procedure on its own does not indi-
cate for its use in a particular clinical case. Evidence-based 
practice for a scientist practitioner consists of using clinical 
judgement to select the procedural elements and variations 
that align with the best research evidence while prioritising 
the needs and preferences of the individual (Contreras et al., 
2022; Peterson et al., 2016). Thus, practitioners should con-
sider SBT as a general template, considering the evidence 
for a particular population or context, and then tailor the 
intervention to the specific needs of their clients.
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