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Abstract
Individuals with disabilities may engage in challenging behavior to escape aversive 
stimuli, like academic tasks or non-preferred foods. Interventions to reduce these 
behaviors often employ escape extinction; that is, the implementer withholds escape 
following challenging behavior. Escape extinction can increase risk of injury, restrict 
autonomy, and worsen the learner–implementer relationship. To mitigate collateral 
effects, interventions can use strategies without escape extinction (i.e., escape-
based); that is, implementers can provide escape contingent on challenging behav-
ior during intervention, in conjunction with other intervention components. How-
ever, no comprehensive syntheses of these interventions have been conducted. We 
identified 39 articles that included escape-based interventions, which contained 273 
single-case designs. Escape-based interventions were associated with lower levels 
of challenging behavior and higher levels of adaptive behavior than baseline condi-
tions. Most comparisons between escape-based and escape extinction interventions 
showed no functional relation, indicating that escape extinction may not add sub-
stantial benefit to intervention efficacy.

Keywords  Challenging behavior · Escape extinction · Extinction alternatives · Log 
response ratio · Single-case research design

Introduction

Individuals with disabilities are more likely to engage in challenging behavior to 
escape or avoid aversive stimuli (e.g., task directions, non-preferred foods) than for 
any other reason (Beavers et  al., 2013; Zarcone et  al., 1994a). Escape-maintained 
challenging behavior operates antithesis to a behavioral cusp. Opposite to the way 
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that behavioral cusps open contact with new contingencies, reinforcers, and envi-
ronments (Bosch & Fuqua, 2001), escape-maintained challenging behavior inhib-
its access to learning opportunities and produces cascading losses. For example, 
escape-maintained challenging behavior results in missed academic instruction 
(McComas et al., 2000), fewer social opportunities (Schmidt et al., 2013) and bar-
riers to learning skills that promote health and independence (Schmidt et al., 2013; 
Wilder et al., 2005). These missed learning opportunities may explain poor adult-
hood outcomes correlated with challenging behavior in childhood, including aca-
demic dropout (Park & Scott, 2009), isolation from peers (Campbell et al., 2006), 
and low employment and income (Park & Scott, 2009). Conversely, interventions 
that reduce rates of challenging behavior improve long-term outcomes for individu-
als (Stormont et al., 2005); therefore, it is critically important to intervene to reduce 
these behaviors.

Escape extinction is one common strategy to reduce escape-maintained challeng-
ing behavior (Lane et al., 2007). In applying escape extinction, an implementer with-
holds escape contingent on challenging behavior (Cooper et al., 2020). This includes 
physical prompting, repeating task directions (paced prompting), and blocking 
escape attempts (Cooper et al., 2020). In a recent literature review on school-based 
treatments for escape-maintained challenging behavior, escape extinction was cited 
as the most common intervention component (Dart et al., 2018). Research indicates 
that escape extinction is an effective strategy for reducing escape-maintained chal-
lenging behavior (Geiger et al., 2010).

Despite its unquestionable efficacy, escape extinction is associated with collateral 
effects and social issues that may lead practitioners to consider alternative practices 
to escape extinction as the sole or primary intervention component (Geiger et  al., 
2010). We have identified five primary concerns with the use of escape extinction.

First, common topographies of escape extinction require provision of verbal, 
physical, or proximal attention. For learners with multiply-maintained challenging 
behavior (specifically, attention and escape), the implementer may reinforce chal-
lenging behavior intended for extinction (Borrero et  al., 2010; Kern et  al., 2002; 
Kodak et al., 2003). Even when attention is not a hypothesized reinforcer for chal-
lenging behavior, it may still serve as a competing stimulus that reduces efficacy of 
intervention (Gardner et al., 2009).

Second, authentic implementers (e.g., teachers, parents) are often the intended 
end users of interventions designed by behavior analysts, and they frequently imple-
ment interventions with imperfect treatment fidelity (Geiger et  al., 2010; McCon-
nachie & Carr, 1997). This is especially problematic with escape extinction, as 
intermittent reinforcement of challenging behavior (one possible lapse in treatment 
fidelity) can produce extinction-resistant challenging behavior (Cooper et al., 2020). 
This can decrease the efficacy of the intervention and worsen long-term outcomes.

Third, escape extinction procedures require that the implementer present aversive 
stimuli. When aversive stimuli are repeatedly paired with the instructional setting, 
materials, and implementer, these contextual stimuli can become conditioned pun-
ishers (Catania, 2013). When this occurs, challenging behavior is likely to persist 
in the presence of these contextual stimuli, even when the original aversive stimuli 
are not present (Iwata, 1987). Avoidance of instructional contexts directly impacts 
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access to learning opportunities. Further, this conditioning process works in opposi-
tion to recommended procedures for developing rapport (Lugo et al., 2017).

Fourth, the use of restrictive procedures (i.e., those that limit an individual’s free-
dom to move and act independently (UK Department of Health, 2015); e.g., full 
physical prompting) increases risk of harm to the learner and implementer, particu-
larly when the learner struggles against physical prompts. Further, the use of restric-
tive procedures may not be feasible, acceptable, or sanctioned in some settings (e.g., 
schools).

Finally, restrictive procedures have been rated with low social acceptability 
among practitioners, caregivers, psychologists, and children receiving behavioral 
interventions (Elliot, 1988; Luiselli et al., 2015). Few data exist directly assessing 
the social acceptability of escape extinction specifically. However, in a recent direct 
assessment of intervention preferences, three children strongly preferred interven-
tions incorporating differential reinforcement over those incorporating extinction 
(Owen et al., 2021), indicating that extinction may be non-preferred by direct con-
sumers of behavior analytic interventions. Social acceptability is a core compo-
nent of social validity (Wolf, 1978) and should be a consideration when selecting 
interventions.

Despite these side effects and social issues, escape extinction is recommended 
by behavioral experts (Geiger et  al., 2010) and persists as a common component 
of interventions addressing escape-maintained challenging behavior in the research 
literature (Dart et al., 2018). This indicates a gap between current practice and prac-
tice that may be most ethical and socially valid. In the current review, we aim to 
address this gap by synthesizing the available research for interventions intended to 
reduce escape-maintained challenging behavior that do not include escape extinc-
tion. Hereafter, for brevity and clarity, we will refer to these interventions as escape-
based interventions, in that escape is provided contingent on challenging behavior 
within intervention. However, it should be noted that all interventions included in 
this review include antecedent and consequent strategies beyond escape provision, 
and these strategies (not provision of escape contingent on challenging behavior) are 
the components theorized to result in treatment efficacy.

This study examined the efficacy of escape-based interventions, that is, interven-
tions in which escape was provided contingent on challenging behavior. Despite 
the focus on escape-based interventions, this review benefits practitioners in that it 
provides strategies to either exclude escape extinction from treatment entirely (i.e., 
alternatives to escape extinction) or to add intervention components to escape extinc-
tion treatments to mitigate its side effects (i.e., complements to escape extinction). 
That is, practitioners can add antecedent modifications and changes to consequences 
following alternative behavior, whether or not escape extinction is an intervention 
component. In either case, the end goal is the same: to decrease restrictiveness and 
increase social validity of interventions intended to reduce escape-maintained chal-
lenging behavior. The research questions guiding the review were: (a) What escape-
based interventions have been evaluated for individuals with escape-maintained 
challenging behavior? (b) What is the quality and rigor of this evidence base? (c) 
What were outcomes for visual and statistical analyses for identified escape-based 
interventions, compared to baseline conditions and escape extinction interventions?
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Methods

Search Procedures

Two doctoral students enrolled in a special education program (i.e., the first and 
second authors; hereafter “we”) completed all searching and coding. We searched 
for articles that included (a) participants who engaged in escape-maintained 
challenging behavior, as identified by a functional analysis (FA), (b) interven-
tions designed to decrease challenging behavior, in which escape was provided 
contingent on challenging behavior (i.e., escape-based interventions), (c) com-
parisons between escape-based interventions and baseline conditions or between 
escape-based interventions and escape extinction interventions, (d) outcomes that 
included direct observational measures of challenging and/or alternative behav-
ior, and (e) studies conducted within randomized control trials or concurrent 
single-case designs with three potential demonstrations of effect. Non-concurrent 
multiple baseline designs and designs with fewer than three demonstrations of 
effect (e.g., A–B–A–C designs) were excluded, in that they do not meet contem-
porary standards for experimental control (Barton et al., 2018; Gast et al., 2018). 
See Table 1 for complete inclusion criteria.

First, we conducted a systematic search of four electronic databases (Psy-
cINFO, ERIC, PubMed, and ProQuest Dissertations and Theses Global) to iden-
tify peer-reviewed and non-peer-reviewed articles examining escape-based inter-
ventions using the following terms: functional analys* and (avoid* or escap* or 
demand). For ProQuest Dissertations and Theses Global, the search was limited 
to titles and abstracts only, to exclude a substantial number of dissertations from 
unrelated disciplines. We completed this search in January 2019 and updated the 
search in April 2020.

In April 2019, we conducted a forward and backward reference search of 
qualifying articles (i.e., we reviewed all sources that cited included studies and 
sources cited by included studies). For sources listed in the citation index of Web 
of Science (n = 28), we used the Web of Science “cited by” and “citations” fea-
tures to pool deduplicated citation lists (the forward and backward search, respec-
tively); we then screened listed citations for inclusion. For articles not listed in 
the citation index (n = 5), we pooled deduplicated citation lists using both Google 
Scholar’s and ProQuest’s “cited by” features to conduct the forward search, and 
screened reference lists by hand to conduct the backward search. The ProQuest 
forward search included the PsycINFO, ERIC, and ProQuest Dissertations and 
Theses Global databases.

From the sources identified in the forward, backward, and database searches, 
we evaluated each source against our inclusion criteria, and eliminated articles 
that did not meet criteria. Through this screening process, we identified 39 arti-
cles meeting inclusion criteria, containing 273 study designs. See Fig. 1 for the 
PRISMA diagram (Moher et al., 2010) outlining screening procedures.

We collected interobserver agreement (IOA) for 100% of screening; that is, 
each doctoral student independently screened all potential sources, and then, both 
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doctoral students met to compare included sources and to reach consensus on dis-
crepancies. IOA was calculated by dividing the number of include/exclude agree-
ments by the total number of articles screened, then multiplying by 100. IOA was 
98.3% overall (98.0% for the database search and 98.7% for the forward/back-
ward search). We conducted discrepancy discussions to reach consensus on all 
disagreements. If disagreements were not easily resolved, we consulted the third 
author, a doctoral-level behavior analyst, for a final decision.

Coding

We coded studies on descriptive categories (participants, intervention context, 
independent variables, and dependent variables) and three outcome categories 
(quality/rigor, visual analyses, and statistical analyses). Participant information 
and intervention context were coded separately for each participant and only 
included participants for whom inclusion criteria were met. Thus, coding may 
have included one, some, or all participants in a given source. We coded all other 
variables separately for each treatment design. A design was defined as an experi-
mental comparison with at least three potential demonstrations of effect (Led-
ford et  al., 2018b), and could include a single case (e.g., A–B–A–B design) or 
multiple cases (e.g., a multiple baseline across participants design). A potential 
demonstration of effect could be across phases within a withdrawal or multi-
treatment design, across phases within each tier of a multiple probe or baseline 
design, or a comparison of two data paths within a single phase in an alternating 

Fig. 1   PRISMA Flow Diagram Outlining Search and Screening Procedures
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treatments design. If multiple designs were included in the same graph (i.e., a 
combination design), each design was analyzed separately (e.g., an A–B–A–B 
embedded within each tier of a multiple baseline design would be coded as four 
designs—three A–B–A–B and one multiple baseline design). In multitreatment 
combination designs, conditions overlapping between comparisons were counted 
toward both designs, if appropriate (e.g., a B–A–B–A–C–A–C would be coded as 
two withdrawal designs [B–A–B–A and A–C–A–C]). In accordance with guid-
ance from Ledford and Gast (2018), if a single design included phases that did 
not contribute to three potential demonstrates of effect, these were excluded from 
analysis. For example, in an A–B–C–A–C–A design, the final four phases were 
analyzed and the initial A–B phases were excluded. If qualifying and non-qual-
ifying participants were both included in a multiple baseline or multiple probe 
design, only qualifying participants were coded for participant and intervention 
context characteristics. However, in accordance with visual analysis procedures 
for multiple baseline and probe designs (Gast et al., 2018), all tiers were included 
when assessing variables at the design level (e.g., assessing presence or absence 
of functional relation).

We collected IOA for 100% of coding; that is, for every article, each doctoral 
student independently coded all relevant data, and then, both doctoral students 
met to compare codes and reach consensus on discrepancies. This included scor-
ing of the Single-Case Analysis and Review Framework (SCARF: Ledford et al., 
2020). IOA was calculated by dividing the number of agreements by the total 
possible agreements, and multiplying by 100%. Mean agreement was 95.5% 
(range 89.7–98.3% by study). By category, average IOA was 95.0% for partici-
pants, 95.5% for setting/implementer, 96.4% for independent variables, 97.5% for 
dependent variables, and 94.8% for SCARF coding. See Supplemental Reliability 
Data for IOA reporting at the participant, design, study, and category level. We 
discussed all discrepancies, and consensus was reached for final codes. If disa-
greements were not easily resolved, we consulted the third author for a decision. 
See Supplemental Coding Document for the complete codebook with all final 
decisions.

Participants

We coded the following participant characteristics: age, gender, disability/eligibility 
categories, and race or ethnicity. We also coded method of FA (e.g., analog, brief, 
latency-based), topography of challenging behavior (as defined for FA), and func-
tions of challenging behavior assessed via FA. This included coding whether each 
behavioral function (escape, attention, tangible, automatic/sensory, or other) was 
tested within the FA and whether there was a functional relation between the test 
condition and the control or pairwise condition. We used visual analysis to deter-
mine the presence of absence of a functional relation, and determined a functional 
relation to exist (a) when there was little to no overlap between the test and control 
condition, or (b) when there was some overlap between test and control conditions, 
but an increasing differentiation over time.
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Intervention Context

We coded the setting(s) in which intervention occurred and the role of the 
implementer(s) who conducted intervention. Setting was coded as home, clinic, 
school, other, or not reported. Home settings included residential living facilities 
and group homes. Clinic settings included research laboratories and inpatient hos-
pital units. Implementer was coded as researcher, parent, teacher, staff member, 
other, or not clearly reported. Codes for paraprofessional, peer, and behavior analyst 
were also available but never used. To be reported as implementer, the role of the 
implementer and their relationship to the participant had to be clearly specified. We 
coded “author” and “we” as researcher; but ambiguous terms such as “therapist” 
were coded as not clearly reported unless information was provided on the thera-
pist’s relationship with the participant.

Independent and Dependent Variables

For independent variables, we coded the design type (e.g., withdrawal, alternating 
treatments design), comparison type, and intervention components of each design 
evaluating the escape-based treatment. Comparison types were categorized as com-
parisons between (a) escape-based and baseline/control conditions (hereafter: base-
line comparison), or (b) escape-based and escape extinction conditions (hereafter: 
escape extinction comparison). Interventions fell into three primary categories: 
antecedent modifications, consequent manipulations, and packages; see Table 2 for 
descriptions and examples of each category and subcategory.

Antecedent modifications were environmental changes implemented prior to the 
occurrence of challenging or alternative behavior. In these interventions, research-
ers (a) manipulated the environment to make it less aversive, or (b) directly taught 
skills to learners to increase their ability to advocate for reinforcement (e.g., request-
ing escape) or cope with aversive stimuli (e.g., diaphragmatic breathing, demand 
fading). Subcategories of antecedent modifications included non-contingent access 
to preferred stimuli, pre-session access to preferred stimuli, instructional modifica-
tions, diaphragmatic breathing, advanced notice, demand fading, and pre-session 
skill training (i.e., instruction on the communication response that occurred outside 
intervention sessions).

We coded consequent manipulations as intervention components that were imple-
mented following alternative behavior. This included differential reinforcement and 
equal escape. We defined differential reinforcement as providing reinforcement 
contingent on alternative behavior that is different from or “better than” reinforce-
ment provided on challenging behavior. Subcategories of differential reinforcement 
included escape to preferred stimuli (i.e., “enriched breaks”) and access to preferred 
stimuli without escape. We also coded equal escape (i.e., reinforcement that is not 
differential), in which a fixed duration of escape was provided contingent on both 
alternative and challenging behavior.

Finally, we coded “packages” as interventions that included both antecedent 
modifications and consequent manipulations. We also coded to confirm that escape 
was provided contingent on challenging behavior during escape-based interventions 
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and was not provided contingent on challenging behavior during escape extinction 
interventions.

For dependent variables, we coded the dependent variable category (challenging 
or alternative behavior) and reporting system (e.g., count/rate, percent of opportuni-
ties, percent of intervals, other [with description], or not clearly reported).

SCARF Outcomes

For quality/rigor and visual analysis outcomes, we applied the SCARF (Ledford 
et  al., 2020). The SCARF allows the coder to generate a scatterplot of quality/
rigor values and visual analysis values, to gain a clearer picture of the relationship 
between these two variables in a group of studies.

For strength of quality/rigor, the SCARF allows coders to generate a 0–4 score, 
with 0 indicating lowest possible quality evidence and 4 indicating highest possi-
ble quality evidence. When generating a score for quality/rigor, the SCARF uses 
a weighted scoring system that weighs rigor components (i.e., interobserver agree-
ment, procedural fidelity, and sufficiency of data collection) twice as heavily as qual-
ity components (i.e., social and ecological validity, descriptions of study compo-
nents). While the primary outcome scoring only allows for whole number scores 
(i.e., 0, 1, 2, 3, 4, and in our case, − 1), the weighted scoring system used for quality/
rigor allows for scores to fall between whole numbers (e.g., 1.7, 2.4).

For primary outcomes, the SCARF allows coders to use visual analysis to gener-
ate a 0–4 score, which indicates strength of functional relation. For this measure, 
scores of 0 indicate consistent equivocal effects, scores of 1 indicate fewer than three 
demonstrations of effect, scores of 2 indicate at least three demonstrations of effect 
and one or more equivocal effects, scores of 3 indicate at least three demonstrations 
of effect (one or more of which are weak) with no equivocal effects, and scores of 4 
indicate at least three moderate or strong demonstrations of effect with no equivocal 
effects (Ledford et al., 2020). Determination of equivocal, weak, and strong effect 
was made via visual analysis. For example, in assessing data paths between a base-
line and intervention condition within a withdrawal design, we would qualify (a) an 
equivocal effect as substantial overlap between data paths with no clear level differ-
ence, (b) a weak effect as a clear difference in level between data paths, with some 
overlap or small magnitude change, and (c) a strong effect as clear and consistent 
difference in level between data paths, with minimal or no overlap and a large mag-
nitude change. We adapted the visual analysis scores to add a possible − 1 to indi-
cate functional relations in favor of the baseline or escape extinction condition.

We also assessed presence or absence of a functional relation (Ledford et  al., 
2018c). If a functional relation was present, we reported which intervention was 
more effective (e.g., that the escape-based intervention was more effective than the 
baseline condition). If no functional relation was present, we reported that results 
were equivocal. That is, both the escape-based intervention and comparison condi-
tion (i.e., baseline condition or escape extinction intervention) resulted in similar 
behavior patterns. For comparisons of escape-based and escape extinction interven-
tions, equivocal results do not describe the therapeutic results of either intervention; 
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that is, both interventions may have been equally effective or equally ineffective in 
reducing challenging behavior and/or increasing adaptive behavior.

To increase validity of the results (i.e., increase confidence that results are not the 
result of quality/rigor issues), we limited visual and statistical outcomes to designs 
with SCARF quality/rigor scores of 1.7 or higher. Although that score is somewhat 
arbitrary, having a minimum acceptable value allows researchers to avoid interpret-
ing outcomes of studies that are most likely to have threats to internal validity that 
may render outcomes unbelievable. Previous research (e.g., Chazin et  al., 2021; 
Ledford & Windsor, 2021) has included similar rules.

Statistical Outcomes

Baseline conditions were homogeneous, which made comparisons between base-
line conditions and escape-based interventions appropriate to synthesize. Typically, 
baseline conditions were similar to escape conditions in functional analyses, in that 
implementers provided escape contingent on challenging behavior, and appropri-
ate behaviors did not result in escape (e.g., manding was often ignored, compliance 
often resulted in brief praise and presentation of the next demand). Comparisons 
across escape extinction comparisons were heterogeneous (e.g., several studies 
compared sensory-based treatments to escape extinction interventions while oth-
ers compared attention extinction interventions to escape extinction interventions). 
Because magnitude differences between widely varying escape-based interventions 
and escape extinction conditions would not be expected to be the same, a single syn-
thesis metric was not meaningful; as such, we did not meta-analyze these data.

To estimate the magnitude of effect for baseline comparisons, we calculated log 
response ratios (LRRs) for each adjacent comparison within a design (Pustejovsky, 
2018) and combined estimates using meta-analysis. LRR describes the proportional 
change of behavior between two conditions. We used LRR decreasing (LRRd) to 
estimate the magnitude of effect on challenging behavior (where a therapeutic effect 
was a decrease in the dependent variable); we used LRR increasing (LRRi) to esti-
mate the magnitude of effect on alternative behavior (where a therapeutic effect was 
an increase in the dependent variable).

To calculate LRR, we first digitized data points from publication graphs using 
PlotDigitizer (Huwaldt & Steinhort, 2013). Coders overlapped on 16.2% of graphs. 
Data point values were considered to be in agreement when the difference between 
values was equal to or less than 2% of the maximum y value indicated on the graph. 
IOA was 98.9% overall (range: 87.5–100%). Second, we calculated LRR for each 
A–B comparison in each design (e.g., an A–B–A–B withdrawal contained two com-
parisons while an alternating treatments design with two data paths contained one) 
using a web-based calculator (Pustejovsky & Swan, 2018). Third, we combined 
LRR values using a multilevel random effects meta-analysis model using the meta-
for (Viechtbauer, 2010) package in R statistical environment (R Core Team, 2016). 
To estimate the overall effect of baseline comparisons, we used a cluster-robust vari-
ance estimation with the clubSandwich package (Pustejovsky, 2019).

LRR cannot be calculated if the mean of a condition is at floor or ceiling levels 
(e.g., all data within a condition are 0 or 100%) or if a condition contains a single 
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datum point. Overall, 17 designs were excluded due to floor means, 1 due to ceiling 
means, and 1 due to a combination of floor means and a single datum point. Addi-
tionally, three designs with latency-based measures were excluded, because data 
from these designs are not comparable to designs measuring the occurrence (e.g., 
count, duration) of behavior.

Results

We identified 39 studies (38 peer-reviewed articles and 1 dissertation) that met 
inclusion criteria, containing 273 study designs. These designs included 158 base-
line comparisons and 115 escape extinction comparisons. Withdrawal designs (e.g., 
A–B–A–B; n = 156; 57.1%), multitreatment designs (e.g., A–B–C–B–C; n = 66; 
24.2%), and alternating treatments designs (n = 47; 17.2%) were the predominant 
design types, along with 4 multiple baseline designs across participants (1.5%).

Participants

Studies included 79 participants, 60 males (75.9%) and 19 females (24.1%). Par-
ticipant ages fell between 1 and 49  years (median: 8). Twenty-nine participants 
were young children (1–6 years old; 36.7%), 37 were school-aged (7–12 years old; 
46.8%), 7 were adolescents (13–19 years old; 8.9%), and 6 were adults (27–49 years 
old; 7.6%). The majority were diagnosed with autism spectrum disorders (n = 30; 
38.0%), intellectual or developmental disabilities (n = 29; 36.7%), multiple/severe 
disabilities (n = 16; 20.2%), or were identified as being at risk for disabilities (n = 15; 
19.0%). Ten participants were diagnosed with emotional and behavior disorders 
(12.7%); 8 with attention-deficit/hyperactivity disorder (10.1%), 7 with develop-
mental delay (8.9%), and 6 with seizure disorders (7.6%). The sum of these values 
exceeds 100%, because many participants (n = 33; 41.8%) had comorbid diagnoses. 
Five or fewer participants met criteria for remaining diagnoses: vision and/or hear-
ing impairment (n = 5; 6.3%), speech/language impairment (n = 3; 3.8%), feeding 
disorder (n = 3; 3.8%), traumatic brain injury (n = 2; 2.5%), and specific learning dis-
ability (n = 1; 1.3%). Race and ethnicity were not reported for the majority of par-
ticipants (n = 76; 96.2%); all three that were reported were Caucasian (3.8%).

Behavioral functions were commonly identified via analog FAs (n = 40 par-
ticipants; 50.6%). Remaining functions were identified via pairwise FAs (n = 23; 
29.1%), brief FAs (n = 5; 6.3%), multiple FA methods (n = 8; 10.1%), a trial-based 
FA (n = 1; 1.3%), or a simplified traditional FA (n = 1; 1.3%). The FA for one par-
ticipant was not described sufficiently to categorize. For most participants (n = 44; 
55.7%), escape was the only identified function of behavior. For 26 participants, 
challenging behavior was multiply-maintained. That is, behavior was maintained by 
escape, plus access to attention (n = 9; 11.4%), tangibles (n = 9; 11.4%), automatic 
reinforcement (n = 1; 1.3%), or a combination of these (n = 7; 8.9%). For remaining 
participants (n = 9; 11.4%), FA results were not graphed to allow for visual analysis.
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Nearly all participants (n = 59; 74.7%) engaged in at least one form of danger-
ous behavior (i.e., those likely to cause harm to self or others), including physical 
aggression (n = 37; 46.8%), self-injurious behavior (n = 10; 12.7%), or both (n = 12; 
15.2%). Participants also engaged in property destruction (n = 33; 41.8%), non-com-
pliance (n = 26; 32.9%), inappropriate verbalizations (n = 20; 25.3%), and/or elope-
ment (n = 5; 6.3%). The sum of these values exceeds 100%, because the majority of 
participants (n = 46; 58.2%) engaged in multiple topographies of challenging behav-
ior. Additionally, five participants (6.3%) had additional topographies of behavior 
that did not meet criteria for these categories, including tantrums (n = 3; 3.8%), hand 
wringing (n = 1; 1.3%), and head shaking (n = 3; 1.3%).

Intervention Context

Most participants took part in studies conducted in clinics (n = 46; 58.2%). Fewer 
participated in studies conducted in authentic settings (schools, n = 17; 21.5%; 
homes, n = 7; 8.9%). For two participants (2.5%), studies were conducted in both 
school and clinic. For one participant (1.3%), the study was conducted in a nurse’s 
office. For six participants (7.6%), setting was not reported with sufficient detail for 
categorization.

More than one-third of implementers (n = 32; 40.5%) were described with insuffi-
cient detail for categorization. Other implementers included researchers (e.g., study 
authors, graduate students; n = 27; 34.2%), teachers (n = 10; 12.7%), parents (n = 5; 
6.3%), or staff members (n = 2; 2.5%). For three participants (3.8%), interventions 
were conducted by both a researcher and parent.

Independent Variables

Across all escape-based interventions, implementers reinforced every instance of 
challenging behavior with access to escape, typically for the same duration provided 
contingent on challenging behavior in baseline conditions. One hundred designs 
included exclusively antecedent modifications. Antecedent modifications included 
use of: non-contingent access to preferred stimuli (n = 61; 22.3%), instructional 
modifications (n = 20; 7.3%), pre-session access to preferred stimuli (n = 12; 4.4%), 
diaphragmatic breathing (n = 3; 1.1%), advanced notice (n = 2; 0.7%), and demand 
fading (n = 1; 0.4%). One intervention combined demand fading with non-contin-
gent access to social interaction. There were two types of consequent manipulations: 
differential reinforcement (n = 79; 28.9%) and equal escape (n = 70; 25.6%). Dif-
ferential reinforcement included access to preferred stimuli with (n = 56; 20.5%) or 
without (n = 23; 8.4%) escape from aversive stimuli contingent on alternative behav-
ior. Finally, 24 interventions (8.8%) included a combination of antecedent and con-
sequent manipulations. All packages were variations of functional communication 
training, and included pre-session skill training as the antecedent modification. Most 
packages (n = 17; 6.2%) included differential reinforcement, and remaining interven-
tions (n = 7; 2.6%) included equal escape.
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Dependent Variables

Across designs, interventions targeted reducing challenging behaviors (e.g., self-
injurious behavior, aggression, elopement; n = 162; 59.3%) or increasing alterna-
tive behaviors (e.g., requesting, compliance, food acceptance; n = 111; 40.7%). 
Challenging behaviors were primarily reported as a number of occurrences or 
estimate of number: count/rate (n = 108; 39.6%), percentage of intervals (using 
partial interval time sampling; n = 14; 5.1%), or percentage of opportunities 
(n = 10; 3.7%). In remaining designs, challenging behaviors were reported as a 
percentage of session time (n = 30; 11.0%; i.e., duration).

Alternative behaviors were primarily reported as a number of occurrences 
or estimate of number: percentage of opportunities (n = 94; 34.4%), count/rate 
(n = 6; 2.2%), or percentage of intervals (using partial interval time sampling; 
n = 6; 2.2%). Remaining variables were reported as latency to alternative behav-
iors (n = 3; 1.1%) or percentage of session time (n = 1; 0.4%). For one dependent 
variable, the measurement system was not described.

Outcomes

Of the 273 total designs, we assessed quality/rigor and visual analysis outcomes 
for 222 designs (81.3%) with quality/rigor scores of 1.7 or higher. Including 
only high-quality designs increases likelihood that analyzed outcomes reflect 
functional relations between independent and dependent variables, rather than 
threats to internal validity. The outcomes analysis included 120 baseline com-
parisons (54.1%), with 69 designs (31.1%) assessing challenging behavior and 
51 designs (23.0%) assessing alternative behavior. This also included 103 escape 
extinction comparisons (46.4%), with 66 designs (29.7%) assessing challenging 
behavior and 37 designs (16.7%) assessing alternative behavior. We conducted 
statistical analysis outcomes for baseline comparisons only, given that purposes 
across escape extinction comparisons were heterogeneous and thus inappropriate 
to synthesize.

Baseline Comparison Outcomes

Quality/Rigor Outcomes  SCARF quality/rigor scores for baseline comparisons are 
plotted on the x-axis of Fig. 2 (top panel). Across the full set of designs, scores ranged 
from 0.8 to 2.7 (mean: 1.8). For the set of 120 designs with SCARF quality/rigor 
scores of 1.7 or higher, scores ranged from 1.7 to 2.7 (mean: 2.0). Lack of procedural 
fidelity data threatened internal validity across high-quality studies—only 40.0% of 
designs (n = 48) reported fidelity data. Further, only 8.3% of designs (n = 10) reported 
social validity data, and only 34.2% (n = 41) utilized authentic settings or implement-
ers. Rigor was strengthened by adequate collection of data (n = 117; 97.5%) and IOA 
(n = 120; 100%).
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Visual Analysis Outcomes  SCARF visual analysis scores for baseline comparisons 
are plotted on the y-axis of Fig. 2 (top panel). Across the full set of designs, scores 
ranged from − 1 to 4 (median: 3). For the set of 120 designs with SCARF quality/
rigor scores of 1.7 or higher, scores also ranged from − 1 to 4 (median: 1.5). Chal-
lenging behavior was measured in 68 of these designs. Of these, 35 showed that 
escape-based interventions were more effective than baseline conditions (51.5%), 
32 reported equivocal effects (47.1%), and 1 showed that the baseline condition 
was more effective than the escape-based intervention (1.5%). Alternative behav-
ior was measured in 52 of these designs. Of these, 22 reported that escape-based 
interventions were more effective than baseline conditions (42.3%) and 30 reported 
equivocal effects (57.7%).

Fig. 2   SCARF Scatterplots for Baseline Comparisons (Top Panel) and Escape Extinction Comparisons 
(Bottom Panel). Note: Scatterplot of scores for SCARF quality/rigor (continuous scale: 0 to 4) and visual 
analysis outcomes (categorical scale: − 1 to 4) for baseline comparisons (top panel) and escape extinc-
tion comparisons (bottom panel). Scores of − 1 indicate that comparison conditions (i.e., baseline, escape 
extinction) that were more effective than escape-based interventions
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Component Efficacy in High‑Quality Studies  See Table 3 for the incidence of func-
tional relations for each intervention component within high-quality studies. Ante-
cedent modifications were effective in 27 of 40 designs (69.2%). Most of these 
studies (n = 24) assessed non-contingent access to preferred stimuli, and these were 
effective for 50% of designs. Instructional modifications were effective in 7 of 8 
designs (87.5%). Remaining antecedent modifications were effective for all designs, 
and included pre-session access to preferred stimuli, diaphragmatic breathing, 
demand fading, and advanced notice. However, it should be noted that there are rela-
tively few designs (2–4) per intervention type.

Differential reinforcement interventions were effective in 26 of 35 designs 
(74.3%). For designs in which alternative behavior resulted in escape to preferred 
stimuli (i.e., “enriched breaks”), 85.7% of designs indicated a functional relation. 
For designs in which alternative behavior resulted in access to preferred stimuli 
(without escape), 66.7% of designs indicated a functional relation. Equal escape 
interventions were almost never effective, with 1 of 37 designs (2.6%) indicating 
that the escape-based intervention was more effective than the baseline condition 
and 1 design (2.6%) indicating that the baseline condition was more effective than 
the intervention condition.

Finally, six packaged interventions assessed variations of functional communica-
tion training (FCT), combining pre-session skill training with differential reinforce-
ment or equal escape. Similar to results above, FCT with differential reinforcement 
tended to be effective (n = 2 of 3 indicating a functional relation), while FCT with 
equal escape was ineffective (n = 0 of 3 indicating a functional relation).

Statistical Outcomes  We calculated 67 LRRd estimates from 23 studies for baseline 
comparisons (see Fig. 3); 23 designs were dropped due to low SCARF scores, 6 due 
to floor means, 1 due to ceiling means, and 1 due to a combination of floor means 
and one datum point. Escape-based interventions significantly decreased challenging 
behavior, LRRd = − 1.02, SE = 0.14, 95% CI: − 1.25, − 0.79]. We calculated 37 LRRi 
estimates from 15 studies; 15 designs were dropped due to low SCARF scores, 11 
due to floor means, and 3 due to latency measures. Escape-based interventions signif-
icantly increased alternative behavior, LRRi = 0.56, SE = 0.12, 95% CI: [0.33, 0.79].

EE Comparison Outcomes

Quality/Rigor Outcomes  SCARF quality/rigor scores for escape extinction compari-
sons are plotted on the x-axis of Fig. 2 (bottom panel). Across the full set of designs, 
scores ranged from 1.5 to 3.0 (mean: 2.4). For the set of 103 designs with SCARF 
quality/rigor scores of 1.7 or higher, scores ranged from 1.7 to 2.7 (mean: 2.4). Of 
the high-quality designs, none included social validity measures and only 18.4% 
included authentic settings or implementers. Conversely, authors reported sufficient 
IOA (100%), data per condition (100%), and procedural fidelity (73.8%).

Visual Analysis Outcomes  SCARF visual analysis scores for escape extinction com-
parisons are plotted on the y-axis of Fig. 2 (bottom panel). For these, − 1 indicated 
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that escape extinction interventions were more effective than escape-based interven-
tions, and 0 represented equivocal effects. Across the full set of designs, scores ranged 
from − 1 to 4, although all but one fell between − 1 and 0 (median: 0). For the set of 
103 designs with SCARF quality/rigor scores of 1.7 or higher, scores ranged from − 1 
to 4 (median: 0). Challenging behavior was measured in 66 of these designs. Of these, 
46 reported equivocal effects (69.7%), 19 showed that escape extinction interventions 
were more effective than escape-based interventions; 28.8%), and 1 showed that the 

Fig. 3   Forest Plots for Baseline Comparisons Measuring Challenging Behavior (Top Panel) and Alterna-
tive Behavior (Bottom   Panel). Note: For analyses of log response ratio (LRR) decreasing (top panel), 
negative effect size indicates a therapeutic effect. For analyses of LRR increasing (bottom panel), posi-
tive effect size indicates a therapeutic effect. Designs are organized by intervention type. DRE = differen-
tial reinforcement with escape; PSA = pre-session access to preferred stimuli; IM = instructional modi-
fications; DRNE = differential reinforcement with no escape; NCA = non-contingent access to preferred 
stimuli; DB = diaphragmatic breathing; FCT = functional communication training; EE = equal escape
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escape-based intervention was more effective than the escape extinction interven-
tion (1.5%). Alternative behavior was measured in 37 of these designs. Of these, 20 
reported equivocal effects (54.1%) and 17 indicated that escape extinction interven-
tions were more effective than escape-based interventions (45.9%).

Component Efficacy in High‑Quality Studies  See Table 3 for the incidence of func-
tional relations for each intervention component within high-quality studies. For 
comparisons in which the escape-based intervention included antecedent modifi-
cations, 31 of 50 designs (62%) reported equivocal effects. Most of these studies 
(n = 33; 66%) assessed non-contingent access to preferred stimuli; these reported 
equivocal effects for 72.7% of designs. Of 11 designs assessing instructional modi-
fications, 6 reported equivocal effects (54.5%), 4 reported that escape extinction 

Fig. 3   (continued)
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interventions were more effective than escape-based interventions (36.4%), and 1 
reported that an escape-based intervention was more effective than an escape extinc-
tion intervention (9.1%). Of 6 designs assessing pre-session access to preferred 
stimuli, all reported that escape extinction interventions were more effective than 
escape-based interventions (100%); in these studies, participants were provided pre-
session access to sensory integration activities, though a sensory condition was not 
included in the participants’ functional analyses (Addison et al., 2012).

For comparisons in which the escape-based intervention included differential 
reinforcement, equivocal effects were reported for 29 of 33 designs (87.9%). For all 
of these designs, alternative behavior resulted in escape to preferred stimuli (i.e., 
“enriched breaks”).

For comparisons in which the escape-based intervention included equal escape, 
13 of 20 designs (65.0%) reported that escape extinction interventions were more 
effective than escape-based interventions. No escape extinction comparisons 
included escape-based packaged interventions.

Discussion

The primary purposes of this review were to determine (a) intervention components 
and contexts in which escape-based interventions have been assessed, (b) rigor and 
quality of this evidence base, and (c) the efficacy of escape-based interventions, 
compared to baseline and escape extinction conditions. To our knowledge, this is 
the first review to synthesize escape-based interventions. Additionally, we were only 
able to identify two closely related literature reviews: Dart et  al. (2018) reviewed 
interventions for escape-maintained challenging behavior in school settings, and 
Trump et  al. (2019) reviewed differential reinforcement without extinction. This 
review makes several novel contributions to the literature base. First, our search was 
more inclusive, screening in all escape-based interventions without escape extinc-
tion (cf. Trump et al., 2019) used in all settings with learners of any age or ability 
(cf. Dart et al., 2018). Second, we included unpublished dissertations and theses, to 
counteract publication bias (Ledford et al., 2018a; Shadish et al., 2016). Third, we 
ensured that all sources, including non-peer-reviewed sources, were not included in 
outcomes analyses if they did not meet contemporary rigor standards (Ledford et al., 
2018b). This reduced the likelihood that estimates were impacted by studies whose 
findings were attributable to variables outside the intervention (e.g., threats to inter-
nal validity). Finally, we utilized meta-analysis procedures to quantitatively examine 
outcomes for escape-based interventions.

Antecedent modifications were more effective than baseline conditions in 
decreasing challenging behavior and increasing alternative behavior (see Table 2). 
These interventions work by manipulating motivating operations to decrease the 
value of escape. Despite the efficacy of these interventions, only 11 high-quality 
baseline comparison designs assessing antecedent modifications incorporated some 
form of skill instruction (e.g., pre-session skill training, tolerating aversive stimuli 
via demand fading). These critical skills may lead to sustained behavior change 
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because they provide a long-term, functional alternative to challenging behavior 
likely to be reinforced in typical contexts. Other antecedent-based interventions may 
be less likely to result in maintained outcomes when intervention is withdrawn or 
poorly implemented and may not generalize to contexts without intervention pre-
sent. For example, interventions that are context dependent (e.g., use of non-con-
tingent reinforcement or high-probability request sequences) may lead to temporary 
decreases in escape-maintained challenging behavior, while teaching skills that can 
persist outside of intervention (e.g., teaching tolerance with demand fading, teaching 
emotional regulation with diaphragmatic breathing) may be more likely to lead to 
long term, generalized changes.

Access to preferred stimuli (with and without escape) contingent on alternative 
behavior was more effective than baseline conditions in affecting therapeutic out-
comes. These interventions capitalize on the value of varying quality and quantity 
of reinforcement, and may be most effective when matched to the function(s) of the 
learner’s behavior and use of their most potent reinforcers. Equal escape interven-
tions were not effective compared to baseline conditions; these results are consist-
ent with matching law theory (Borrero et al., 2010; Catania, 2013), given that equal 
escape does not capitalize on reinforcement value and learners typically have long 
histories of reinforcement with challenging behavior. Thus, it may be most effec-
tive for practitioners to differentiate contingencies of reinforcement for alternative 
and challenging behavior, ensuring that the learner prefers reinforcement provided 
contingent on alternative behavior more than reinforcement provided contingent on 
challenging behavior. Given that “enriched breaks” were the most effective conse-
quent strategy assessed, practitioners may consider providing breaks contingent on 
challenging behavior, as well as providing breaks with preferred items contingent on 
alternative behavior. For individuals with multiply-maintained challenging behav-
ior, “enriched breaks” should include access to stimuli shown to previously maintain 
challenging behavior (e.g., breaks to preferred forms of attention for challenging 
behavior maintained by access to escape and attention).

The majority of escape extinction comparisons reported equivocal effects, in 
which escape extinction interventions were not more effective than escape-based 
interventions. Interestingly, intervention components that were effective in base-
line comparisons (e.g., instructional modifications, differential reinforcement with 
escape) most often reported equivocal effects in escape extinction comparisons. 
Similarly, intervention components that reported a higher proportion of equivocal 
effects in baseline comparisons (e.g., equal escape, non-contingent access to pre-
ferred stimuli) also reported a higher proportion of designs in which escape extinc-
tion interventions was more effective than escape-based interventions. Pre-session 
access was the exception to this rule; however, the pre-session stimuli matched the 
function of the learner’s behavior in baseline comparisons, but not in escape extinc-
tion comparisons. Thus, functional match may moderate efficacy of pre-session 
access. Overall, these results indicate that if escape-based interventions include 
components that are effective in baseline comparisons (e.g., instructional modifica-
tion, “enriched breaks”), escape-based interventions may be similarly as effective 
as escape extinction interventions. Thus, if practitioners opt to use escape-based 
interventions, they may find it most useful to use instructional modifications and 
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differential reinforcement with escape (i.e., “enriched breaks”), as these were most 
likely to be reported effective in baseline comparisons and least likely to be less 
effective than escape extinction interventions.

Limitations

Reporting issues limit confidence with which we can interpret outcomes. Because 
procedural fidelity data were reported for relatively few designs, particularly for 
baseline comparisons, there is decreased confidence that baseline and intervention 
components were implemented as described. Further, the majority of studies did not 
describe the implementer; thus, it is difficult to know what training and experience 
are needed to effectively implement these interventions.

Limitations of the research base also decrease our ability to determine for whom 
and under what contexts escape-based interventions are effective. Across most com-
parisons, lack of social validity measures, authentic implementers (parents, teach-
ers), and typical settings (homes, schools) make it difficult to assess whether escape-
based interventions can be conducted in usual contexts by indigenous implementers 
and whether practitioners are willing to implement them.

Although this review included a number of interventions intended to increase 
food acceptance for individuals with feeding disorders and related issues (e.g., Addi-
son et al., 2012; Berth et al., 2019; LaRue et al, 2011; Wilder et  al., 2005), there 
were fewer feeding studies than may have been expected, given that food refusal is 
typically assumed to be escape-maintained (Ledford et al., 2018a). However, very 
few feeding interventions utilize FAs to confirm an escape function, and those that 
have confirmed escape functions via FA historically included escape extinction 
in intervention (Ledford et  al., 2018a). As the first review to assess escape-based 
interventions broadly, we thought it important to use stringent inclusion criteria 
confirming an escape function experimentally, as results of descriptive functional 
assessments (e.g., interviews, direct observations) tend to have low consistency with 
experimental analyses (Alter et al., 2008). Future reviews on escape-based interven-
tions might expand inclusion criteria to include descriptive functional assessments, 
in order to assess a wider pool of escape-based interventions, particularly to address 
food refusal.

This review was limited to studies that explicitly provided reinforcement contin-
gent on challenging behavior. Thus, we excluded other strategies that may include 
escape extinction while mitigating its side effects, including (a) the use of partial 
escape extinction (i.e., escape extinction that excludes full physical guidance) and 
(b) providing escape contingent on low effort, alternative responses on a continuous 
schedule of reinforcement in conjunction with demand fading, such that response 
effort continues to increase, while access to escape remains consistent. For example, 
the enhanced choice model for skill-based treatment incorporates escape extinction 
in that challenging behavior results in continued provision of task directions (Raja-
raman et al., 2021). However, this model mitigates side effects of escape extinction 
by (a) using partial escape extinction (paced verbal model prompting) rather than 
full escape extinction (full physical prompting) and (b) in conjunction with demand 
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fading, making escape continuously available contingent on a low effort alternative 
response (e.g., walking to the “hangout” portion of the room), but not contingent on 
challenging behavior. To further understand strategies for mitigating the escape of 
escape extinction, future researchers might consider synthesizing evidence for these 
alternative intervention types.

A final limitation of this study is lack of empirical estimates for single-case effect 
sizes (i.e., what effects are likely for these populations, behaviors, and contexts). 
Because few other single-case meta-analyses have used LRR to date, it is difficult 
to determine how efficacy of these interventions compares to those with similar 
dependent variables. Further, LRR effect size metrics cannot be compared to those 
calculated for group comparison studies.

Implications for Research

First, additional research conducted in authentic contexts is needed. These stud-
ies should include measures of procedural fidelity and social validity for authentic 
implementers, to assess whether they can and will implement escape-based inter-
ventions with fidelity. Second, research is needed to inform recommendations to 
practitioners regarding least restrictive interventions: behavior analysts, teachers, 
and school psychologists need transparent guidelines on weighing the costs and ben-
efits of interventions that decrease restrictiveness (escape-based interventions) ver-
sus those that may be more efficient (escape extinction interventions). Future stud-
ies (e.g., group designs) might compare efficiency of these two intervention types. 
Finally, researchers should assess strategies designed to concurrently maximize 
efficiency and minimize side effects. Interventions including complements to escape 
extinction (e.g., enhanced choice model; Rajaraman et al., 2021) may be one solu-
tion, but limited peer-reviewed data exist.

Recommendations for Practice

Given the findings of this review, we recommend three considerations for practi-
tioners. First, escape-based interventions that use antecedent modifications and dif-
ferential reinforcement are largely effective for reducing challenging behavior and 
increasing alternative behavior, compared to baseline conditions. They can be con-
sidered in lieu of escape extinction, in order to mitigate side effects of escape extinc-
tion. If progress monitoring indicates insufficient behavior change, assess whether 
escape-based interventions are conceptually systematic and implemented with high 
fidelity before adding escape extinction.

Second, regardless of use of escape extinction, use antecedent modifications to 
decrease the value of escape as a reinforcer and teach alternative behavior. Effec-
tive antecedent modifications include use of instructional modifications (including 
choice), advanced notice, and training to request escape and tolerate the presence of 
aversive stimuli.

Third and finally, regardless of use of escape extinction, systematically teach and 
differentially reinforce alternative behavior to increase likelihood of appropriate 
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responding. Contingent on alternative behavior (e.g., requesting, compliance), pro-
vide escape to preferred tangibles and attention.

Supplementary Information

Supplemental materials for this article are available on the Open Science Frame-
work at https://​osf.​io/​mf3as/
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