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Abstract  

It is estimated that approximately 70% to 89% of children with developmental disabilities and 

20% to 50% of neurotypical children exhibit some type of feeding challenge. Inappropriate 

mealtime behaviour (IMB) is a type of feeding challenge within the broader class of food refusal 

behaviour. Although there have been some single-case studies examining the extent to which 

behavioural interventions can aide in reducing IMB, the relative efficacy and generality of these 

studies is unclear. The purpose of this systematic review was to evaluate the available literature 

to critically analyze the efficacy of interventions for the treatment of IMB through a meta-

analysis of single-subject experimental designs. Through a systematic search of the extant 

literature, we identified 38 studies involving 307 cases in which IMB was treated with a 

behavioural intervention. We coded descriptive data and calculated log response ratio as an 

effect size measure of the efficacy of these interventions. Results indicated that combined escape 

extinction and non-escape extinction interventions had greater effect sizes than escape extinction 

alone or non-escape extinction alone. Escape extinction alone had greater effects sizes compared 

to non-escape extinction; however, escape extinction resulted in a higher percentage of negative 

side effects than interventions in which escape extinction was combined with non-escape 

extinction interventions or to non-escape extinction interventions alone. We suggest that escape 

extinction should not be used as the sole intervention for IMB, rather, in cases where IMB 

warrants a behavioural intervention, a combination of escape extinction and non-escape 

extinction interventions should be used.  

Keywords: inappropriate mealtime behaviour, food refusal, feeding disorders, meta-

analysis 
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On the Efficacy of Treating Escape-Maintained Inappropriate Mealtime Behaviour with 

and Without Escape Extinction: A Meta‐Analysis of Escape‐Based Interventions  

Pediatric Feeding Disorders 

Pediatric feeding disorders are described as a deficit in consuming an adequate nutritional 

diet, which may involve a lack of interest in or avoidance of food (American Psychiatric 

Association, 2013), and may range from picky eating to complete food refusal (Nelson & 

Aylward, 2010). Although there is no widely accepted definition for pediatric feeding disorders, 

and therefore, the exact prevalence is difficult to determine (Penrod et al., 2012), it is estimated 

that approximately 70% to 89% of children with developmental disabilities and 20% to 50% of 

neurotypical children exhibit some type of feeding challenge (Benjasuwantep et al., 2013).  

The Diagnostic and Statistical Manual of Mental Disorders (5th ed.; American Psychiatric 

Association, 2013) includes a diagnostic category for children who may broadly fall under 

“pediatric feeding disorders” referred to as Avoidant/Restrictive Food Intake Disorder (ARFID). 

This classification primarily distinguishes feeding disorders from eating disorders. Individuals 

with ARFID are described as persistently failing to meet nutritional or caloric needs. However, 

this diagnosis is limited in that it does not consider those who are maintaining their nutritional 

intake through a restricted variety of foods, or those who engage in inappropriate mealtime 

behaviours (Penrod et al., 2012). In addition, there is no clear cause attributed to the 

development of pediatric feeding disorders; however, research suggests that these challenges are 

the result of a combination of environmental, physical, and behavioural factors (Freeman & 

Piazza, 1998). 

Feeding challenges have significant consequences for a child’s overall health and may 

impact their ability to participate in social, cultural, and community activities (American 
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Psychiatric Association, 2013). These children may only consume a small number of different 

foods, or only foods in a specific food group. If left untreated, feeding challenges can lead to 

severe weight loss, malnutrition, lethargy, and impaired intellectual development (Hoch et al., 

2001). Although some children with feeding challenges may maintain their weight through 

consumption of preferred foods, these children are still at risk for nutritional and health 

deficiencies (Penrod et al., 2012). Further, children with feeding challenges may engage in 

increased rates of aggression, property destruction, food expulsion, and vomiting which may 

exacerbate their health deficits and can have significant impacts on family stress (Greer et al., 

2008). 

Children who fall within the broad category of “pediatric feeding disorders” often exhibit 

a variety of problematic behaviours, including inappropriate mealtime behaviour (IMB). In 

behaviour analysis, IMB is defined as a class of food refusal behaviours that consists of turning 

away from food or eating utensils, pushing away eating utensils, throwing food, vocal refusal, 

and avoiding mealtime situations (Piazza et al., 2003). Aggression and self-injury may also be 

classified as forms of IMB when they occur in mealtime contexts (Wilder et al., 2005).  

Functional Classification of Inappropriate Mealtime Behaviour 

Research suggests that the development and maintenance of IMB is often due to 

environmental and behavioural variables including consequences provided by caretakers during 

mealtime (Piazza et al., 2003). For example, caretakers may respond to IMB by contingently 

removing food (Kern & Marder, 1996; Borrero et al., 2016). In other words, if a child is 

engaging in IMB (e.g., crying, screaming, throwing food), a caretaker may remove the food in an 

attempt to calm down the child. However, this may teach the child that these refusal behaviours 

will result in no longer having to consume that food (Piazza et al., 2003). Alternatively, to 
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promote consumption in their child, caretakers may avoid evoking IMB by only offering 

preferred foods and limiting exposure to new foods (Penrod et al., 2012). This may impact the 

consumption of nutritional foods and may have an impact on the overall health of a child. 

Therefore, removal of nonpreferred food when IMB occurs potentially perpetuates feeding 

challenges while impacting the acquisition of appropriate feeding behaviours and the variety of 

foods consumed. 

In some cases, children may engage in IMB because caretakers have previously provided 

positive reinforcement, in the form of attention, following occurrences of IMB (Piazza et al., 

2003; Borrero et al., 2016). For example, when a child engages in IMB the caretaker may 

respond with vocal reprimands, attempts to convince the child to consume the food through 

vocal comments (coaxing), or the caretaker may attempt to feed the child themselves. This may 

teach the child that engaging in IMB results in receiving attention from their caregiver, which 

may also perpetuate food refusal. 

Interventions derived from applied behaviour analysis (ABA) have strong empirical 

supports for treating IMB (Volkert & Piazza, 2012). Generally, ABA aims to improve socially 

significant behaviour by identifying the environmental variables responsible for the occurrence 

of a variety of challenging behaviours, including IMB (Cooper et al., 2020). Functional analysis 

is a common assessment used by ABA practitioners to determine the environmental conditions 

maintaining challenging behaviour and is considered the best standard of practice in the 

treatment of challenging behaviour (Beavers et al., 2013; Hanley et al., 2003). Conducting a 

functional analysis prior to implementing an intervention allows practitioners to determine the 

maintaining variables of challenging behaviour and incorporate this information into the 
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treatment procedures. Moreover, generally identifying the function of challenging behaviour 

typically leads to more effective treatments (Heyvaert et al., 2014, Piazza et al., 1997).  

Functional analyses of IMB involve systematically manipulating the environmental 

variables that are hypothesized to reinforce the occurrence of IMB (Piazza et al., 2002). Prior 

research on the functional analysis of IMB has indicated that a maintaining function of IMB is 

escape from food or drink presentation (i.e., negative reinforcement) in 90% to 96.6% of 

differentiated cases, either alone or in combination with access to attention (i.e., positive 

reinforcement; Saini, Kadey, et al., 2019; Saini et al., 2022). Piazza et al. (2003) conducted 

functional analyses with 12 children who engaged in IMB. Of the children who demonstrated 

differentiated responding during the functional analysis, negative reinforcement in the form of 

escape from food was a maintaining function in 90% of cases. In 70% of these cases, both escape 

and positive reinforcement in the form of attention were identified as maintaining functions 

(Piazza et al., 2003). Saini, Kadey et al. (2019) evaluated the results of functional analyses of 

IMB and found that 91.7% of differentiated functional analyses involved escape as a maintaining 

variable. In 52.3% of cases escape was the sole function and in 39.5% of cases a combination of 

escape and attention and/or access to tangibles were identified. Further, Saini et al. (2022) 

conducted a consecutive controlled case series of functional analyses for IMB and found escape 

to be a maintaining function in 96.6% of differentiated cases.  

Functional Analysis for IMB  

The prevalence of escape as a maintaining function for IMB may be due to the specific 

context in which it occurs (Saini et al., 2022). During a functional analysis of IMB, nonpreferred 

foods or drinks are typically presented to the child, which may establish their removal as 

reinforcement (Bachmeyer et al., 2009). Given the nature of IMB, it can only occur within a 
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specific environmental context (i.e., mealtimes) and therefore may best be described as a 

restricted operant. A restricted operant is a behaviour that can only occur under specific stimulus 

conditions or circumstances (Cooper et al., 2020). Due to the specific environmental context of 

IMB and the prevalence of escape as a maintaining function, a functional analysis may not be 

required in all cases for this class of behaviour (Hanley, 2012). Saini, Jessel, et al. (2019) 

conducted a meta-analysis of treatments for IMB to evaluate whether the implementation of a 

functional analysis impacted the efficacy of treatment outcomes. The authors found no 

significant difference in treatment outcomes or treatment selection based on the implementation 

of a functional analysis, likely because most researchers and clinicians often implement 

treatments for IMB with escape as an assumed function. Therefore, for IMB, the implementation 

of a functional analysis may not be necessary to improve treatment efficacy. A behavioural 

approach to treatment that considers the environmental conditions surrounding IMB, regardless 

of the implementation of a functional analysis, may be the most effective intervention option 

(Volkert & Piazza, 2012).  

Interventions for IMB  

Escape Extinction  

A recent meta-analysis found that escape extinction was the sole intervention 

implemented in 41% of cases on the treatment on IMB (Saini, Jessel, et al., 2019). Escape 

extinction is implemented when behaviours maintained by negative reinforcement no longer 

result in the removal of an aversive antecedent stimulus (Cooper et al., 2020). Implementing 

escape extinction for IMB typically consists of (a) presenting a nonpreferred food continuously 

until the participant safely consumes it and (b) preventing attempts to escape or avoid food 

consumption. In the context of treating IMB, the three most common procedural variations of 
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escape extinction are non-removal of the spoon or cup (NRS), re-presentation, and physical 

guidance (Bachmeyer, 2009). Implementing NRS involves placing a utensil with food or liquid 

directly in front of the participants mouth (e.g., within 1 inch; Cooper et al., 1995) and keeping 

the utensil in front of the mouth until the food is consumed (Ahearn et al., 1996). Re-presentation 

is a strategy within escape extinction that involves collecting expelled food and immediately 

placing it back in the participants mouth (Piazza et al., 2015). Physical guidance within escape 

extinction involves placing pressure on the jaw to open the participants mouth and placing the 

food inside (Ahearn et al., 1996). Additional physical prompts, such as a finger prompt (Borrero 

et al., 2013), jaw prompt (Ahearn et al., 1996), or side deposit (Rubio et al., 2015), may be used 

within escape extinction interventions to encourage the participant to open their mouth and allow 

for food to be deposited inside (Rubio et al., 2020). 

In addition to its prevalence in the literature, ample research has demonstrated the 

effectiveness of escape extinction in the treatment of IMB (e.g., Ahearn et al., 1996; Piazza et al., 

2003; Woods & Borrero, 2019). Piazza et al. (2003) implemented escape extinction with four 

children who engaged in IMB; three of which were typically developing, and one was diagnosed 

with a global developmental delay. Escape extinction involved blocking attempts to escape the 

food for all participants and was combined with NRS for two participants and physical guidance 

for the remaining two participants. During baseline, IMB occurred between zero and 47 times 

per minute across participants. Following the implementation of escape extinction, the rate of 

IMB gradually decreased and reached zero occurrences per minute for all participants. At follow-

up, results maintained at zero or near zero levels for all participants, thereby demonstrating the 

efficacy of escape extinction in the treatment of IMB. Given the effectiveness of escape 
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extinction to reduce IMB, it remains one of the most used interventions in pediatric feeding 

disorders (Saini, Jessel, et al., 2019). 

 Ahearn et al. (1996) implemented both NRS and physical guidance with three children 

who engaged in IMB. Two participants were diagnosed with a developmental delay, and one was 

typically developing. Both interventions resulted in increased acceptance of nonpreferred foods 

to above 80% of trials for all participants. Topographies of IMB, including negative 

vocalizations, disruptions, and self-injurious behaviour, reduced to an average of 6% to 35.3% 

across participants. Follow-up data was measured for two of three participants immediately 

following the intervention phase and results for both participants maintained. However, IMB 

continued to occur and both children were consuming smaller than average meal sizes (3 to 7 oz) 

at the conclusion of the study. Although the authors identified escape extinction as an effective 

intervention for increasing food acceptance, some level of IMB continued to occur across all 

participants.  

Despite the positive outcomes of escape extinction in the treatment of IMB, negative side 

effects of this intervention have been reported. For example, extinction procedures can lead to an 

immediate increase in the target challenging behaviour (i.e., an extinction burst), as well as 

emotional responding, and increased aggression (i.e., extinction-induced aggression; Lerman et 

al., 1999). Woods and Borrero (2019) evaluated the effects of NRS with ten children who 

engaged in IMB and were diagnosed with either autism spectrum disorder (ASD) or 

developmental delays. For all participants, NRS was effective in decreasing IMB to below .5 

occurrences per minute, compared to a range of one to 48.8 occurrences of IMB per minute in 

the baseline phase. Although NRS was an effective intervention, negative side effects of escape 

extinction were observed in 50% of participants. This included an extinction burst and 
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extinction-induced negative vocalizations. Therefore, the implementation of escape extinction 

resulted in an immediate increase in IMB, as well as the development of new topographies of 

IMB (i.e., negative vocalizations), in half of the participants before IMB began to decrease. In 

addition to the direct negative effects of escape extinction, parents are often the intended 

implementer of feeding interventions to ensure generalization and maintenance of outcomes, and 

such side effects may make it difficult for parents to implement extinction procedures with high 

procedural integrity (Bachmeyer, 2009; Chazin, Velez, & Ledford., 2021). Escape extinction 

also requires the continual presentation of an aversive stimulus (i.e., food) in the presence of 

escape-motivated responding (e.g., IMB). When aversive stimuli are repeatedly presented it is 

possible that other stimuli in the environment (e.g., the mediator, the setting) may become 

conditioned aversive stimuli, which could lead to children avoiding feeders or settings associated 

with mealtimes (Catania, 2013). This could contribute to the persistence of challenging 

behaviour outside of the feeding context, as it is common for children who engage in IMB to 

display challenging behaviours in other contexts (Johnson et al., 2014). Moreover, restrictive 

procedures (i.e., use of restraints or blocking the participants ability to move independently) may 

increase the risk of harm to the client and may not be acceptable in some settings (Chazin, Velez, 

& Ledford, 2021). Finally, participant (Owen et al., 2021) and caregiver (Vazquez et al., 2017) 

questionnaires have demonstrated a preference towards reinforcement-based interventions when 

compared to escape extinction, suggesting that extinction procedures could rank lower in 

assessments of social validity. Given that recent research has demonstrated negative side effects 

associated with escape extinction, many practitioners are promoting the use of alternative, 

reinforcement based, interventions (Tereshko et al. 2021). Therefore, although escape extinction 
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may be an effective intervention for IMB, less intrusive interventions with a higher social 

validity may be a more desirable option for the treatment of IMB.  

Non-Escape Extinction Interventions  

A variety of studies have evaluated the effects of alternative interventions to reduce IMB 

(e.g., Berth et al., 2019; LaRue et al., 2011; Wilder et al., 2005; Koegel et al., 2012). Wilder et al. 

(2005) implemented noncontingent reinforcement (NCR) without escape extinction with one 

child with ASD who engaged in self-injurious behaviour (SIB) and food refusal. NCR in the 

treatment of IMB typically involves providing reinforcement (e.g., preferred food or stimuli) 

continuously, or on a time-based schedule, throughout the meal rather than contingent on a 

specific behaviour (Bachmeyer, 2009). The participant in Wilder et al. (2005) had continuous 

access to reinforcement during NCR sessions and if SIB occurred, reinforcement in the form of 

escape was provided. During baseline, the participant engaged in SIB during an average of 44% 

of trials and following the implementation of NCR, SIB decreased to near zero levels (M = 7%).  

This study demonstrates the potential effectiveness of an alternative intervention, without the use 

of escape extinction, in the treatment of IMB.  

Berth et al. (2019) compared the effects of NCR and differential reinforcement of 

alternative behaviour (DRA) in the treatment of IMB for five children diagnosed with a feeding 

disorder. Two children were typically developing and three were diagnosed with developmental 

delays. DRA interventions involve providing the participant with access to preferred stimuli 

contingent on an alternative appropriate behaviour, such as consuming target foods. The DRA 

intervention in Berth et al. (2019) consisted of providing participants with 30 s of highly 

preferred toys following consumption of nonpreferred food. If the participants engaged in IMB 

the nonpreferred food was removed for 30 s and no other consequences were implemented (i.e., 
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escape was provided). For the NCR intervention, participants had continuous access to highly 

preferred toys and no additional consequences were applied for food acceptance. However, like 

the DRA condition, IMB resulted in the removal of the nonpreferred food. For one participant, 

occurrences of IMB reduced from an average of 8.2 per minute to zero occurrences during NCR 

and 0.4 per minute during DRA. This demonstrates the potential effectiveness of DRA or NCR 

without escape extinction in reducing IMB for children. However, the rate of IMB for the 

remaining four participants did not decrease to clinically significant levels, and in some cases 

IMB increased. For one participant, the rate of IMB increased from 2.8 occurrences per minute 

to 3.8 occurrences, across both interventions. For another, IMB decreased during the NCR 

condition from 15.6 occurrences per minute in baseline to 7.9 during NCR. However, IMB 

increased to 23.3 during DRA sessions. For the remaining two participants, IMB slightly 

decreased across both interventions. These alternative reinforcement-based interventions were 

effective for only one of five participants in this study.  

 LaRue et al. (2011) implemented a differential negative reinforcement of alternative 

behaviour (DNRA) procedure with four typically developing children who engaged in IMB. 

DNRA involves providing negative reinforcement, such as escape, contingent on an appropriate 

alternative behaviour. LaRue et al. (2011) provided escape from food and the feeding context 

contingent on acceptance of the nonpreferred food. However, no participants accepted the 

nonpreferred food during DRNA and therefore did not experience the reinforcement contingency 

of accessing escape for acceptance. Instead, escape was provided during each session following 

the occurrence of IMB. This brings into question the treatment utility of DNRA to treat IMB. 

Although reinforcement-based procedures have demonstrated a decrease in IMB across some 

participants, it is possible that reinforcement alone is not as effective as escape extinction. LaRue 
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et al. (2011) added escape extinction to the intervention procedure, and the combination of 

DNRA and escape extinction effectively decreased the frequency of IMB in all participants to 

near zero levels. Although different alternatives to escape extinction have been evaluated in the 

treatment of IMB, there have been no large-scale evaluations of whether escape extinction is a 

necessary component for effective treatment. 

Combining Escape and Non-Escape Extinction Interventions 

In some cases, escape extinction has been implemented in combination with one or more 

alternative interventions. Saini, Jessel, et al. (2019) found that a combination of escape extinction 

and alternative interventions were implemented in 51% of cases that were included in their meta-

analysis. Anderson and McMillan (2001) implemented escape extinction in the form of NRS and 

DRA with one child diagnosed with pervasive developmental disorder who engaged in SIB and 

interruptions (e.g., head turning, pushing away the spoon). In baseline, the participant engaged in 

SIB during an average of 65% of bites and in the final intervention phase SIB reduced to an 

average of 1% of bites. However, the percentage of interruptions did not significantly decrease 

throughout the intervention. Interruptions occurred during 55% of bites during baseline and 38% 

during the final intervention phase. Although this intervention was effective in decreasing some 

topographies of IMB, it did not result in a significant decrease across all topographies of food 

refusal.  

Allison et al. (2012) also implemented escape extinction with DRA, in addition to escape 

extinction and NCR, with one child diagnosed with ASD who engaged in IMB. Both 

interventions resulted in a decrease in IMB. In the baseline phase, IMB occurred at a rate of 30.4 

responses per minute. In the escape extinction and DRA intervention, IMB decreased to a mean 

of seven responses per minute in the final intervention phase. Similarly, IMB decreased to 4.6 
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occurrences per minute in the final phase of escape extinction and NCR. However, negative 

vocalizations, which occurred during 0% of baseline sessions, emerged during the 

implementation of both interventions. Throughout the escape extinction and DRA intervention, 

negative vocalizations initially occurred during 23.2% of intervention sessions and decreased to 

6.2% in the final phase. During the escape extinction and NCR intervention, negative 

vocalizations initially occurred during 32.7% of intervention sessions and decreased to 1.7% in 

the final phase. It is possible that the emergence of negative vocalizations could be classified as 

extinction-induced negative vocalizations. Therefore, although these interventions were effective 

in reducing the topographies of IMB that occurred pre-treatment, they also resulted in the 

development of an additional topography of IMB which did not return to zero levels of 

occurrence.  

The combination of escape extinction and alternative interventions has been effective in 

some cases; however, it is unclear whether the combination of interventions is more efficacious 

relative to escape extinction or alternatives to escape extinction alone, or whether escape 

extinction is a necessary component for the effective treatment of IMB (or to what degree it is 

necessary). 

Meta-Analysis for Single Subject Experimental Designs  

A meta-analysis is the use of statistical methods within a systematic review to synthesize 

existing literature regarding a specific topic and research question (Ledford & Gast, 2018). Meta-

analyses have several advantages, as this type of review can provide a precise estimate of 

intervention efficacy and can establish statistical significance of intervention effects. In contrast, 

single-subject experimental designs are experimental designs that evaluate ongoing intervention 

effects through direct and repeated measures of the target behaviour (Ledford & Gast, 2019). 
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These experimental designs use within-subject as well as between-subject comparisons to 

evaluate intervention effects on an individual basis (Ledford & Gast, 2019) and are regarded as 

the standard for conducting behaviour-analytic research (Rader et al., 2021). However, single-

subject designs, as with any individual study, are limited in that they provide results only for 

individual participants (Hitchcock et al., 2015) and may fail to discover the generality of 

intervention results (i.e., treatment effectiveness). A meta-analysis of single-subject experimental 

designs can draw broader conclusions about intervention effects in comparison to a single or few 

single-subject experiments. As a result, we will conduct a meta-analysis of single-subject 

experimental designs to evaluate the existing treatment literature on IMB. 

Effect Size Selection 

Effect size measures are calculated within a meta-analysis to quantify the magnitude and 

direction of a functional relation between the intervention and dependent variable (Dowdy et al., 

2021; Pustejovsky, 2018). There are different methods for calculating effect sizes for meta-

analyses of single-subject experiment designs; however, there is disagreement regarding which 

effect sizes should be used under which circumstances (Dowdy et al., 2021; Allison & Gorman, 

1993).  

Nonoverlap indices, such as percentage of nonoverlapping data (PND; Scruggs et al., 

1988) and percentage of data exceeding the median (PEM; Ma, 2006) are effect size measures 

commonly used to evaluate the effects of single-subject experimental designs (Dowdy et al., 

2021). These indices quantify the percentage of data points that do not overlap from baseline to 

intervention phases. Although PND and PEM are commonly used, they are limited in that they 

do not have the ability to account for the magnitude of change between phases, are affected by 

autocorrelation, and they have a lack of sensitivity, such that information regarding the 
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significance of behaviour change cannot be determined (Dowdy et al., 2021). Further, Dowdy et 

al. (2021) suggests that PND and PEM should not be classified as effect size measures and 

discourage their use in evaluating outcomes. Therefore, we did not calculate them in this review 

due to their significant limitations, despite their popularity in meta-analysis research.  

Rather, parametric and nonparametric indices are an alternative approach for providing 

effect size measurements which quantify the magnitude of a functional relation between phases. 

Specifically, log-response ratio (LRR) is an effect-size index that is advantageous for quantifying 

the effects of behavioural interventions because it provides a measure of the percentage of 

change between conditions, compares the mean levels between phases by considering all data 

points, and is not sensitive to variation in measurment or procedural systems across studies 

(Pustejovsky, 2018). This effect size measure is appropriate to employ when dependent variable 

data is measured on a ratio scale, such that a score of zero corresponds to the absence of a 

behaviour (Dowdy et al., 2021). Although one limitation of LRR is that it cannot be calculated 

for data with a mean of zero (Dowdy et al., 2021), LRR quantifies the proportionate change 

between phases, is appropriate for observation data that is being collected by count, percentage, 

rate, or duration, and has been used in previous behaviour analytic meta-analyses of single-

subject experimental designs (Chazin, Velez, & Ledford., 2021). Therefore, LRR was the 

primary effect-size measure used in the present review.  

Purpose and Rationale 

The purpose of the current systematic review is to analyze the relative efficacy of escape 

extinction, non-escape extinction, and combined escape extinction plus non-escape extinction in 

the treatment of IMB through a meta-analysis of single-subject experimental designs. Further, 

this study aims to identify whether negative side effects are associated with any of the 
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intervention types. Although both escape extinction and non-escape extinction-based 

interventions have shown to be efficacious in single-subject demonstrations of treating IMB, a 

meta-analysis would be useful for understanding which types of interventions lead to significant 

reductions in IMB in a quantifiable manner, as well as determine the generality of findings from 

single-subject research. A meta-analysis allows for the direct comparison of escape extinction, 

non-escape extinction, and combination interventions across all relevant literature on IMB. 

Further, a meta-analysis may contribute to the classification of an intervention as evidence-based 

practice and provide information on the contexts in which an intervention is effective (Dowdy et 

al., 2021). This will expand on the current literature as, to date, no studies have specifically 

compared treatments of IMB with and without escape extinction, as well as analyzed the 

combination of escape extinction and alternatives.  

Research Questions  

 This study aims to answer the following research questions related to interventions for 

IMB: (a) what is the relative efficacy of escape extinction-based interventions in comparison to 

non-escape extinction-based interventions and (b) are larger effect sizes associated with 

interventions featuring escape extinction in combination with alterative non-escape extinction-

based interventions, compared to effect sizes associated with escape extinction alone or 

alternative interventions alone?  

Method 

Search Strategy 

 We used the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 

(PRISMA) guidelines to locate relevant literature and guide this study (Moher et al., 2009). We 

located studies through a systematic search of the electronic databases of ERIC, Embase, 
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PsycINFO, and Web of Science Core Collection. We chose these databases because they have 

historically published behaviour-analytic studies on ARFID generally, and IMB specifically. 

Additionally, these databases have been included in previous reviews of behavioural 

characteristics of ARFID and escape-maintained behaviour broadly (e.g., Saini, Kadey et al., 

2019; Chawner et al., 2019; Chazin, Velez, & Ledford., 2021). We used the keywords food 

refusal, food selectivity, feeding problem, feeding disorder, and inappropriate mealtime 

behaviour (IMB) during the search. We selected these search terms because they have been used 

in prior meta-analyses on ARFID and IMB (e.g., Marshall et al., 2015; Sharp et al., 2017; Saini, 

Jessel, et al., 2019). We also examined the reference section of each study to determine whether 

there were additional studies that were not identified in the initial search.  

Study Eligibility   

We screened all studies identified through the search for inclusion eligibility. We 

included studies if they were published between 1968 and 2021. The year 1968 was chosen as 

the earliest year for inclusion as this is when the first issue of the Journal of Applied Behavior 

Analysis (JABA) was published. JABA is considered the flagship journal for the field of ABA 

and was the first journal dedicated to behaviour-analytic research (Kranak et al., 2020). Although 

it is possible that research on IMB could have been conducted prior to this date, it is unclear if 

such studies would be considered behaviour-analytic in nature.  

We included studies if IMB was targeted for reduction as a dependent variable. Mealtime 

refusal behaviour involves various topographies of inappropriate behaviour that occur in the 

context of a typical feeding or mealtime arrangement. Given the variety of responses that can 

occur as part of mealtime refusal behaviour, studies did not have to use the specific term 

inappropriate mealtime behaviour to be included. The following topographies were included as 
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IMB: turning away from food or eating utensils, pushing away eating utensils or the feeder’s 

arm, throwing food, vocal refusal, SIB, and aggression. Mealtime refusal behaviour consists of 

topographies that indicate the participant is refusing the food and therefore we excluded 

behaviours such as expulsion and packing, as these occur after food is accepted. 

We included studies if a single-subject experimental design was used to evaluate 

intervention efficacy and intervention results for IMB were displayed graphically, for at least one 

participant. Single-subject experimental designs involve the repeated measurement of a 

dependent variable across various experimental conditions and are regarded as the standard for 

conducting research in ABA (Rader et al., 2021). These designs are often used to demonstrate 

experimental control in studies of IMB and can be used to establish interventions as evidence-

based practice (Horner et al., 2005). Therefore, the review of studies employing single-subject 

designs allowed for the evaluation of experimental control and intervention effectiveness across 

participants. Further, a graphic display is essential for measuring the effect size of interventions 

(Olive & Franco, 2008). Although between-subjects designs are an appropriate method to 

evaluate the effects of a behavioural intervention on the reduction of IMB, such designs do not 

permit for the specific nonparametric effect sizes that will be conducted in the present study 

(e.g., LRR). Further, no effect size measures can equally compare single-subject to between-

subject designs and as a result, the scope of this review is constrained to single-subject 

experimental designs only.   

We excluded studies if the only dependent variable was to increase appropriate mealtime 

behaviour (e.g., self-feeding). Additionally, we excluded review studies, book chapters, 

unpublished theses and dissertations, and studies not written in English.  
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Article Screening  

We uploaded all studies identified from the search to Covidence, an online systematic 

review software. Using Covidence, we examined studies for relevancy first by their title and 

abstract, and then through a full-text screening. During the title and abstract screening, we 

eliminated studies if the title or abstract indicated that the study met any of the exclusion criteria 

(e.g., is not related to IMB or is a book chapter). If it was unclear whether the study targeted 

IMB for reduction it was moved to the full-text screening for further analysis. We then examined 

the full text of all remaining studies. We eliminated studies following a detailed review of the 

full text if they did not meet all inclusion criteria: (a) IMB was targeted for reduction as a 

dependent variable, (b) a single-subject experimental design was implemented, (c) intervention 

results for IMB were displayed graphically. If at least one participant in the study met these 

criteria, the study was included.  

Participant Inclusion 

We reviewed each included study for participant inclusion. We included participants that 

were humans between the ages of birth and 21 years. We chose this age range because it was 

used in a prior meta-analysis on IMB (Saini, Jessel et al., 2019). Participants were excluded if (a) 

a functional analysis showed that IMB was maintained only by a positive reinforcement 

contingency (e.g., access feeder to attention), or (b) IMB was addressed through a medical (i.e., 

non-behavioural) treatment (e.g., esophageal manometry).  

Although we are analyzing intervention efficacy for escape-maintained IMB, the 

inclusion of a functional analysis is not required for participant inclusion because IMB has been 

found to be at least partially maintained by escape in more than 90% of cases (Saini, Kadey, et 

al., 2019). Furthermore, many researchers implement escape-motivated interventions in the 
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absence of a formal functional analysis (Saini, Jessel, et al., 2019). Taken together, if researchers 

used an intervention such as escape extinction, but did not conduct a functional analysis, it is 

reasonable to assume IMB was escape maintained. Participants were excluded if a functional 

analysis conclusively demonstrated that IMB was maintained only by positive reinforcement 

(however, this is unlikely given that this occurs in less than 3% of all cases; Saini et al., 2022).  

Coding   

 We extracted data for each included participant and organized it into a Microsoft Excel 

spreadsheet formatted to allow for each study’s and participant’s variables to be coded (see 

Appendix A). We used a written protocol for data extraction that included examining the 

methods and procedures of each study to extract variables. For example, to extract data on 

participant demographics, we examined the “Participants” section of each study and recorded the 

relevant information for each variable. Variables extracted included author of each study, year of 

publication, experimental design used, participant demographics (e.g., age, gender, 

developmental diagnosis, medical diagnosis), intervention setting (e.g., home, clinic), 

intervention mediator (e.g., behaviour therapist, caregiver), topographies of IMB, 

implementation and results of a functional analysis if conducted, and intervention procedures 

(i.e., escape extinction, non-escape extinction, or a combination of both escape extinction and 

non-escape extinction intervention, as well as the specific intervention(s) implemented) for each 

participant. We also extracted data regarding the duration of the intervention (e.g., number of 

sessions), whether the author(s) identified any side effects of the intervention (e.g., extinction 

burst), the presence of maintenance and generalization data, whether social validity was 

measured and details of those assessments (e.g., satisfaction or preference for an intervention), 

whether mastery criteria was achieved (defined as a 90% reduction over five consecutive 
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sessions) and if so the number of sessions required to achieve mastery. If the baseline mean was 

zero or if there were less than five intervention sessions, mastery could not be calculated and was 

reported as not applicable. If any variables were not identified in the respective study, it was 

coded as not reported.  

During coding, any procedures that met the definition for escape extinction were coded as 

using this procedure, whether or not it was explicitly described as escape extinction by the 

authors of each respective study. In the context of treating IMB, escape extinction is defined as a 

process in which negative reinforcement (i.e., escape) is not delivered contingent on food refusal 

behaviour (i.e., negative reinforcement is withheld). Procedurally, escape extinction is defined as 

presenting a food continuously until the participant consumes it, or a predetermined amount of 

time has elapsed, and preventing attempts to escape food consumption. Common procedural 

methods of escape extinction for IMB include NRS, re-presentation, and physical guidance. 

Interventions will be coded as escape extinction if they include any instance of blocking attempts 

at escape, NRS, or re-presentation, and may be combined with physical guidance or additional 

prompts (i.e., finger prompt, jaw prompt, or side deposit).  

Non-escape extinction is defined as any intervention which does not involve withholding 

negative reinforcement following instances of IMB. This may involve a combination of 

interventions (e.g., a combination of NCR and DNRA). A combination of escape extinction and 

non-escape extinction is defined as any intervention involving escape extinction simultaneously 

with at least one non-escape extinction intervention component (e.g., NRS with differential 

reinforcement).  

Further, although the purpose of this study is to compare interventions using escape 

extinction and those without escape extinction, additional information was extracted to analyze 
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any patterns in the data that may shed light on intervention utility (e.g., whether a pre-

intervention functional analysis impacted intervention durability).  

Quality Ranking  

 To assess the quality and rigor of each study, we applied the Single Case Analysis and 

Review Framework (SCARF; Ledford et al., 2020) to each participant’s data. The SCARF is an 

assessment tool for the quality and rigor of single-subject experimental designs and has been 

used in numerous systematic reviews as a component of study inclusion (Chazin, Velez, & 

Ledford., 2021; Chazin, Ledford, & Pak., 2021, Zimmerman & Ledford, 2017; Barton et al., 

2020). Ensuring a study demonstrates strong internal validity is important to ensure only those 

studies with adequate quality and rigor are included in the review (i.e., the extent to which 

reductions in IMB are reliably a result of the intervention; Zimmerman et al., 2018). The SCARF 

consists of ten categories including participant information, dependent variable description, 

dependent variable reliability, condition description, independent variable reliability, social and 

ecological validity, stimulus generalization, response generalization, maintenance, and 

sufficiency of data (Ledford et al., 2020; see Appendix B). Dichotomous yes/no questions are 

included within each category and a score between zero and four is generated based on 

responses, with zero indicating no quality/rigor (i.e., poor internal validity) and four indicating 

the highest possible quality/rigor for that category (i.e., strong internal validity). For example, the 

dependent variable description needs to include an operational definition, examples and 

nonexamples, description of the measurement system, and how the measurement system was 

applied to receive a score of four. Outcomes indicating the strength of a functional relation are 

scored between zero and four based on visual analysis and include primary outcomes, 

generalized outcomes, and maintained outcomes (see Appendix C for scoring example). Using 
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an Excel spreadsheet, an overall score is calculated by the tool by averaging scores across all 

categories. A weighted scoring system is applied which values components assessing rigor of the 

study (e.g., interobserver agreement) twice as heavily as components of quality (e.g., description 

of dependent variable).  

Previous reviews that have applied the SCARF have used a minimum score requirement 

for study inclusion (e.g., Chazin, Velez, & Ledford, 2021; Chazin, Ledford, & Pak, 2021). 

Having a criterion of quality and rigor for inclusion removes studies that likely have low internal 

validity and therefore may not best represent intervention effectiveness (Chazin, Velez, & 

Ledford, 2021). Chazin, Velez, and Ledford (2021) applied the SCARF in a meta-analysis of 

escape-based interventions for challenging behaviour (e.g., aggression) and included only studies 

that scored above 1.7 to increase the conclusiveness of results. Similarly, Ledford and Windsor 

(2021) identified scores above 2 as having high quality, and scores lower than 1.8 low quality. 

However, Chazin, Ledford, and Pak (2021) included cases with scores of 1.5 or higher and 

concluded that all studies within this range were of adequate quality.  

In the current meta-analysis, only participants with a score of 1.5 or higher were included 

in the effect size analysis. Although there are different interpretations for an appropriate cut-off 

score, 1.5 appears to be the most conservative minimum score reported in previous similar meta-

analyses (Chazin, Ledford, & Pak, 2021). By including a minimum acceptable score of 1.5, the 

SCARF tool ensures that only participant data of adequate quality were included without 

significantly constraining the inclusion criteria.  

Data Analysis  

We analyzed intervention results for each case. A case is defined as the application of an 

intervention within an experimental design, such that each separate intervention for a participant 
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was analyzed as a separate case. For example, if multiple interventions were implemented for the 

same participant (e.g., A-B-C-A-C design) LRR was calculated separately for each intervention 

(e.g., A-B, and A-C-A-C). In doing this, the magnitude of effect of each intervention for IMB 

was assessed individually. 

Raw Data Extraction 

 To calculate LRR, we extracted raw data from each participant with a quality score of 1.5 

or higher using a free software program, WebPlotDigitizer (Rohatgi, 2017). WebPlotDigitizer 

has been used in previous meta-analyses for data extraction and has high validity and interrater 

reliability (Drevon et al., 2017; Saini, Jessel, et al., 2019; Rutkowska et al., 2014). We converted 

figures for each participants intervention data to image files and uploaded them into 

WebPlotDigitizer. We identified the x-axis and y-axis coordinates by following the prompts to 

click on each axis, and the scale was identified by the program. We extracted values for each 

data point by clicking on the centre of each individual data point. We then extracted the values 

from the program and organized them onto Microsoft Excel. Values were be categorized by 

study, participant, case, and intervention phases as identified on the graph.  

LRR  

We used LRR to evaluate the magnitude of effect for each case. LRR is a metric for 

comparing mean levels between phases (Pustejovsky, 2018) and is beneficial as it considers all 

data points, provides a clear metric to display the magnitude of change, and is not impacted by 

variations in measurement systems across studies (Dowdy et al., 2021). Specifically, we used 

LRR-decreasing (LRRd) as this corresponds a decrease in responses (i.e., negative values) to 

therapeutic improvements. LRRd has been used in previous meta-analyses to analyze the effects 
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of interventions on challenging behaviour (Chazin, Velez & Ledford, 2021; Dowdy et al., 2020). 

We calculated LRRd for each case using Equation 1:  

ψ = ln (µB / µA) 

where ln represents the natural logarithm function, µB represents the mean level of phase B 

(intervention) and µA represents the mean level of phase A (baseline). We calculated this by 

inputting the values for each data point in the into an online calculator that calculates LRRd, as 

has been done in prior research (Pustejovsky et al., 2021). We calculated the percentage of 

change to interpret the magnitude of effect using Equation 2: 

% 𝑐ℎ𝑎𝑛𝑔𝑒 = 100% 𝑥 
µ − µ

µ
 

Specifically, we calculated LRRd for each adjacent baseline and intervention comparison 

within a design. For example, in a reversal design with two comparisons (e.g., A-B-A-B), LRR 

was calculated for each adjacent pair (e.g., A1-B1 and A2-B2) and we calculated the mean effect 

and percentage change across pairs for each case. For multielement designs, each intervention 

was compared to the preceding baseline phase. For multiple baseline designs across responses or 

settings, effect sizes were calculated for each tier of the design and averaged together to 

determine the overall effect (see Rakap, 2015 for an example of this method). However, if a 

combination of designs were used (e.g., reversal embedded within a multiple baseline design), 

then each design was evaluated as a separate case (i.e., LRR was calculated as described above 

for each tier with a reversal design and for the multiple baseline design; Chazin, Velez & 

Ledford, 2021). In doing this, magnitude of effect for each experimental demonstration of the 

intervention can be evaluated separately. We chose to treat each design within a multiple 

baseline as a separate case to compare differences across each tier (e.g., participant variations in 

a multiple baseline across participants).  
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We interpreted LRRd outcomes using the effect size estimate and percentage change, 

calculated by the online calculator, where a higher value represents a greater magnitude of 

change between conditions. Although LRR does not have a standard guideline for interpreting 

percentage change, we established guidelines to classify intervention outcomes as presenting 

high, moderate, or low change between the baseline and intervention phase. We considered a 

percentage change over 70% as a high degree of change, 50 to 70% as moderate change, and 

under 50% as a low degree of change.  

Interrater Reliability 

We used behavioural skills training (BST) to train a second independent reviewer to 

conduct the article screening, coding, application of the SCARF, and data extraction. BST is an 

evidence-based intervention package for training performance skills to service staff (Parsons et 

al., 2012), and has been used to train numerous skills to staff (Sarokoff & Sturmey, 2004; 

Fetherston & Sturmey, 2015; Belisle et al., 2016). BST consisted of instruction, modeling, 

rehearsal, and feedback. Training took place over a video conferencing platform (e.g., Zoom).  

For the article screening, we verbally explained the inclusion and exclusion criteria and 

provided a written document outlining these criteria (see Appendix D). We then modeled the 

process of both including and excluding studies for the title/abstract screening as well as for the 

full text screening. The independent reviewer then rehearsed this process with five studies 

chosen at random in each screening phase. We provided constructive feedback on whether the 

studies were categorized correctly and recorded the percentage of studies scored correctly. The 

rehearsal and feedback continued, with new studies each time, until the reviewer scored 100% 

correct across the five studies (see Appendix E).  
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Interrater reliability (IRR), the extent to which two reviewers report the same values, was 

calculated to determine the reliability of the screening process. This was calculated by summing 

the total number of agreements and dividing by agreements plus disagreements, then multiplying 

by 100 to obtain a percentage. An agreement was defined as both the author and independent 

reviewer categorizing an article the same way (i.e., either included or excluded), and a 

disagreement was defined as any time the author and reviewer categorize the same study 

differently. Any disagreements were resolved through discussion among the author and reviewer. 

The independent reviewer examined 30% of studies in the title and abstract screening as well as 

in full text screening reviews and resulted in 97.8% and 94.8% IRR, respectively.  

We also used BST to train the independent reviewer in coding, applying the SCARF, and 

data extraction. The same training process applied (verbal and written instructions, model, 

rehearsal, and feedback). We first trained the independent reviewer in coding, and they examined 

five participants across at least two studies chosen at random during the rehearsal. Rehearsal and 

feedback continued until the independent reviewer scored 100% accuracy. We then trained the 

independent reviewer in data extraction and applying the SCARF using the same procedure. 

Following training, the independent reviewer completed coding, applied the SCARF, and 

extracted data for 30% of participants. The same calculation for IRR and method for resolving 

disagreements were used as in the article screening (see Appendix F for data sheets). Results for 

coding, SCARF, and data extraction were 94%. 90%, and 94%, respectively, 

Results 

Study Eligibility  

We identified 3558 studies during the initial database search and removed 1384 studies as 

duplicates. We screened the remaining 2173 studies by title and abstract, 1982 of which were 
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excluded. Primary reasons for exclusion included using a design inconsistent with the inclusion 

criteria, targeting animal or geriatric populations, or intervening on behaviours other than IMB. 

The remaining 191 studies met eligibility for a full-text review. Of these, 82 were excluded for 

intervening on a behaviour other than IMB, 41 were excluded for using an experimental design 

that was inconsistent with the inclusion criteria, nine were excluded for both intervening on a 

behaviour other than IMB and using an inconsistent experimental design, nine were excluded for 

not displaying a SCED graph, and 12 were excluded because they were unpublished 

dissertations. The remaining 38 studies were included in this meta-analysis (identified by a * in 

the reference list; see Figure 1).  

Descriptive Results  

Participant Demographics 

 The 38 studies included 100 participants. However, five participants were excluded for 

having no SCED graph, one was excluded for having no treatment data, and one was excluded 

for not targeting IMB as a dependent variable. Therefore, 93 participants were included in this 

review.  

 Participant demographics are displayed in Table 1. The majority of participants were 

between the ages of 2 and 4 years old (58%) and were male (71%). The next largest age group 

was children 5 to 7 (22%), followed by infants aged 0 to 1 (13%), and children aged 8 to 10 

years old (2%). No participants were 11 years of age or older. Many participants did not have a 

developmental disability (22%); however, the most common diagnoses were developmental 

delay (24%) or ASD (20%). The majority of participants had at least one medical diagnosis 

(70%) and almost half of the participants had a gastrostomy tube for some or all of their 

nutritional intake at the beginning of the intervention (43%). Functional analyses were 
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implemented for 46 participants (49%), and results indicated that escape was the sole 

maintaining function for 25 of those participants (54%), and one of the maintaining functions for 

all participants. No functional analyses indicated that access to attention or access to tangibles 

were the sole maintaining function of IMB.  

Quality Ranking  

The SCARF quality and rigor scores are displayed in Figure 2. Scores ranged from 0.5 to 

3.61 out of 4, with a mean of 2.3. Six participants (7%) scored under 1.5 and were therefore 

excluded from this analysis for inadequate quality and rigor. The majority of participants scored 

between 1.5 to 2.9 (81%) indicating adequate quality and rigor, and the remaining participants 

(10%) scored between 3 to 4, indicating high quality and rigor. We identified variability in the 

quality and rigor scores across all participants, however, the mean score did not differ 

substantially across intervention types. Each type of intervention had nearly equal mean quality 

and rigor scores, and it is therefore unlikely that these scores would have impacted the 

differences in treatment outcomes.  

Common indicators of quality and rigor that were absent across participants included (a) 

a naïve observer for interobserver agreement (IOA) data collection (0%), (b) maintenance data 

(7.3%), (c) generalization data (21.4%), (d) social validity assessment or results (24.4%), and (e) 

identifying participant inclusion criteria (36.6%). Indicators that were frequently included were 

IOA (98.8%), operational definitions of dependent variable (97.6%), description of the 

measurment system (97.6%), adequate condition description (96.3%) and participant 

demographic information (93.9%). Generalization and maintenance scores are displayed in 

Figures 3 and 4, respectively.  
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Intervention Details   

Table 2 displays details of intervention data by case. The 93 participants contained 318 

cases; however, after excluding six participants due to low scores on our internal validity 

analysis (i.e., application of SCARF), 307 cases remained.  

Hitting/blocking, including hitting a feeding utensil, the feeder, or blocking one’s mouth, 

were the most common topographies of IMB across cases (70%), followed by turning the head 

away from food (65%), negative vocalizations (32%), throwing food (25%), SIB (6%), and 

aggression (5%). Food/solids were targeted for consumption in 82% of cases, whereas 

drinks/liquids were the targeted item in 13% of cases, and both food/solids and drink/liquids 

were the target in 4% of cases. The majority of cases were conducted in a clinical setting (90%), 

with some occurring in a hospital (5%), home (3%), or school (1%). The most common 

intervention mediator was a therapist (83%). In some cases, a parent was the mediator (15%), 

and in few cases a therapist and parent (2%), a teacher (1%), or a therapist and occupational 

therapist (1%) were involved as mediators.  

The majority of cases employed a combination of a multielement and reversal design 

(51%), some cases included only a reversal design (30%), a multiple baseline design (11%), a 

multielement design (6%), or a combination of a multielement and multiple baseline (2%). The 

number of sessions ranged from two to 192 (M = 25.9) and the majority of cases included 

between 21 to 50 sessions (41%). There were 18 cases where the authors identified negative side 

effects of the intervention (6%) such as an extinction burst or the development of a topography 

of IMB that wasn’t observed during baseline (extinction induced negative vocalizations). In the 

majority of cases the authors did not make note of any negative side effects (94%).  
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The measurment system for IMB varied across cases, with some measuring IMB as a rate 

per minute and others as a percentage of trials. Therefore, the mean occurrence of IMB during 

baseline cannot be summarized across all cases. However, of the cases that measured IMB as 

rate, the most frequently observed mean rate of IMB during baseline was 11 to 30 occurrences 

(29%) followed by 0 to 5 occurences (20%). Five participants had a baseline mean of over 50 

occurrences of IMB per minute (2%). Of the cases that reported IMB as occurring during a 

percentage of trials, the most common reported baseline mean was 0% to 10% (17%).  

Mastery criteria was achieved in 45% of cases. In 14% of cases mastery criteria was not 

applicable either because the baseline mean rate of IMB was zero (i.e., the behaviour did not 

occur during baseline) or there were less than five sessions in the intervention (i.e., mastery 

could not be measured based on the criteria described above). Of the cases which did achieve 

mastery, the mean number of sessions to achieve mastery criteria was 12.1  

Escape extinction alone was the least common type of intervention, with 66 cases 

implementing some type of escape extinction (21%). Non-escape extinction alone was 

implemented within 87 cases (28%), and a combination of escape extinction and non-escape 

extinction was the most commonly implemented intervention (n = 154; 50%).  

Escape Extinction Interventions 

Across the escape extinction alone interventions, mastery was achieved in 39.4% of 

cases, and the mean number of sessions to mastery criteria was 12.15 (See Table 3). The mean 

number of sessions was 24, indicating that, on average, 24 intervention sessions were 

implemented. The average quality score was 2.04. Further, 11 cases (16.6%) reported negative 

side effects of the interventions.  
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Details of the specific types of escape extinction interventions are reported in Table 4. 

The most common escape extinction procedures were NRS and re-presentation (36.6%), 

followed by NRS alone (30.3%), physical guidance alone (18.2%), NRS and a jaw prompt 

(4.5%), NRS and a finger prompt (4.5%), NRS, a finger prompt, and side deposit (3%) and NRS, 

re-presentation and physical guidance (3%). Of the cases which implemented NRS and re-

presentation, 29% reached mastery criteria. The number of sessions to mastery ranged between 

five to 53 sessions (M = 13.7). Regarding NRS alone, 25% of cases obtained mastery with a 

range of five to 20 sessions to mastery (M = 10.4). For physical guidance, mastery was achieved 

for 58% of cases and the number of sessions to mastery ranged from six to 11 (M = 9.4). 

However, NRS and re-presentation, NRS alone, and physical guidance resulted in negative side 

effects in 16.7%, 20%, and 25% of cases, respectively. 

Non-Escape Extinction Interventions 

Mastery was achieved in 31% of cases that implemented non-escape extinction 

interventions alone and a mean of 9 sessions was required to achieve mastery (range, 5 – 53). An 

average of 20 sessions overall were implemented and the mean quality score was 2.25. Negative 

side effects were not reported in any of the non-escape extinction cases.  

Table 5 displays information for each type of non-escape extinction intervention. The 

most common intervention was DRA without extinction (41.2%), in which consumption was 

typically reinforced with access to tangibles and praise (e.g., Alaimo et al., 2017; Berth et al., 

2019; Allison et al., 2012), followed by NCR (26.4%), attention extinction (9.2%), and DNRA 

(6.9%). Within the cases that implemented DRA, 60.9% achieved mastery criteria and the 

number of sessions to mastery ranged from five to 18 sessions (M = 9.3). Of the cases with NCR, 

33.3% achieved mastery, and mastery was obtained within five to eight sessions (M = 6.5). None 
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of the attention extinction or DNRA cases achieved mastery. Other non-escape extinction 

interventions included DRA and attention extinction (4.6%), sensory integration (3.5%), DRA 

and shaping (2.3%), fading (2.3%), attention extinction and response cost (1.2%) and DRA and 

NCR (1.2%).  

Combination Interventions 

For the combined escape extinction and non-escape extinction interventions, mastery was 

achieved in 55.2% of cases and a mean of 12.7 sessions were conducted to meet mastery criteria 

(5 – 45). The mean number of sessions implemented overall was 30, and the mean quality score 

was 2.329. Negative side effects were identified in 4.5% of cases.  

A variety of combined interventions were implemented, and the most common 

combination was NRS and DRA (16.2%), followed by NRS, re-presentation and DRA (10.4%), 

NRS, re-presentation and attention extinction (8.4%) and NRS, re-presentation and NCR (7.8%) 

(See Table 6). Of the cases which implemented NRS and DRA, 42.9% achieved mastery criteria. 

Mastery criteria was achieved between five to 28 days. Further, negative side effects were 

identified in 4.8% of cases. With respect to NRS, re-presentation and DRA, mastery was 

achieved for 43.8% of cases, and mastery was achieved within five to 13 sessions. No negative 

side effects of this intervention were reported. All cases that implemented NRS, re-presentation 

and attention extinction achieved mastery criteria, and this was obtained between six and 45 

days. Additional combination interventions (e.g., NRS, re-presentation, finger prompt and DRA, 

or NRS, DRA and sensory integration), with less than five cases each, were classified as Other 

(n = 47).  

Effect-Size Analysis 
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Results from the LRRd effect size calculations are depicted in Table 7. The LLRd 

measurement accounts for the desired direction of change in behaviour, and therefore, a negative 

effect size and percentage change corresponds to therapeutic improvements. That is, in the 

treatment of IMB, a decrease in responding indicates a therapeutic improvement. Therefore, 

positive values for effect size and percentage change depict counter-therapeutic results, such that 

the mean occurrence of IMB increased during the intervention phase when compared to baseline. 

Further, LRRd cannot be calculated when the mean of a phase is at ceiling or floor levels (e.g., 

all data within the phase are at 0 or 100%, or if a phase contains less than 3 data points; 

Pustejovsky, 2018). Therefore, 78 cases of the 307 were excluded from the LRRd calculations, 

resulting in 229 cases analyzed. Forty-one of these cases were excluded because zero 

occurrences of IMB occurred during baseline, 34 were excluded because of zero occurences of 

IMB occurred during the intervention, and two cases were excluded were because there were less 

than 3 data points per phase.  

The mean effect for all 229 included cases was -1.121, indicating that there were 

therapeutic improvements broadly when behavioural interventions were used. The percentage 

change was -20.7%, indicating that, broadly, there was a low degree of change between baseline 

and intervention levels. For 35 cases, counter-therapeutic results were observed (15.3%), 

indicating that IMB increased during the intervention phase compared to the baseline phase.   

The mean effect size for cases (54) featuring an escape-extinction only intervention was -

1.199, the percentage change was 8.1%, and 18.5% of cases indicated counter-therapeutic 

results. The mean effect size of the non-escape extinction only cases was -0.503, the percentage 

change was -15.01%, and counter-therapeutic results were indicated in 32.8% of cases. With 

respect to interventions that were a combination of both escape extinction and non-escape 



42 
 

extinction, the mean effect size of the included 114 cases was -1.489, the percentage change was 

39.6% and only 3.5% displayed counter-therapeutic results.  

Escape Extinction Interventions 

Results for each type of escape extinction intervention are displayed in Table 8. The 

cases which implemented NRS and re-presentation had a mean effect size of -1.238, a mean 

percentage change of 105.5%, and 17.5% of these cases displayed counter-therapeutic results. 

The NRS alone intervention resulted in a mean effect size of -.909 with a percentage change of -

40.8%. Of these cases, 12.5% indicated counter-therapeutic results. Cases which implemented 

physical guidance had a mean effect size of -1.102, a percentage change of -27%, and 16.7% of 

cases resulted in counter-therapeutic results. The NRS and jaw prompt intervention had the 

greatest effect size and percentage change (-2.350; -87.8%); however, this intervention 

represented only 5.5% of escape extinction cases (n = 3). 

Non-Escape Extinction Interventions 

 Table 9 displays results of each type of non-escape extinction intervention. The cases 

with DRA alone produced a moderate mean effect size and percentage change (-0.609; -21.7%), 

however, 21.7% of cases indicated counter-therapeutic results. Similarly, NCR alone resulted in 

a mean effect size of -.647 and a percentage change of -18, with 33.3% of cases displaying 

counter-therapeutic results. Attention extinction cases had a mean effect size of -.185 and a 

percentage change of -11.4. Twenty-five percent of attention extinction cases resulted in counter-

therapeutic outcomes. All cases which implemented DNRA resulted in counter-therapeutic 

results (.123; 13.5%). Further, the DRA and shaping intervention, which involved gradually 

increasing the response requirements to access reinforcement (e.g., touching food with hands, 

then touching food to lips, then consuming food; Hodges et al., 2018) had a large effect size (-
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1.21), moderate change (63.75%), and no cases with counter-therapeutic results. However, only 

two cases (3.3%) implemented DRA and shaping. 

Combination Interventions 

Results for each combination intervention are displayed in Table 10. The intervention 

with the largest effect size was NRS, re-presentation and attention extinction (-2.054; -83.3%) 

followed by NRS, re-presentation, physical guidance, and NCR (-1.671; -78.8%), NRS, re-

presentation and DNRA (-1.651; -72.9%) and NRS and NCR (-1.623; -31.7%). Interventions 

with countertherapeutic results included NRS and DRA (4.8%), NRS, re-presentation and DRA 

(7.7%), NRS, re-presentation, and NCR (33%), NRS and NCR (14.3%), as well as other 

interventions (11.1%).  

Descriptive Results and Effect-Size Analysis for Non-Escape Extinction 

 We attempted to determine the conditions under which non-escape extinction only 

interventions would be prescriptive, given that this intervention category potentially represents 

the least intrusive or restrictive type of behavioural intervention in the treatment of IMB. To 

determine whether there were any patterns between descriptive information and effect sizes for 

non-escape extinction interventions, we compared these details in Table 11. The age range with 

the greatest mean effect size and percentage change was 5 to 7 years old (-.844; -34.3%), 

however, 25% demonstrated counter-therapeutic results. There were not notable differences 

between males and females, as the mean effect size for males was -.434 (-15.6%) and the mean 

effect size for females was -.581 (-2.4%). Cases that included a participant diagnosed with ASD 

displayed a greater mean effect size compared to other developmental disabilities, or no 

diagnosed developmental disability. The mean effect size for cases with ASD was -1.173 (-

56.8%); 28% of cases achieved mastery, and no cases displayed counter-therapeutic results. 
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Cases with participants diagnosed with a developmental delay had a mean effect size of -.875 (-

37.2%) and cases with no identified developmental diagnosis had a mean effect size of -.215 (-

1%). Further, 39% of the cases with no developmental diagnosis displayed counter-therapeutic 

results. Cases with no gastrostomy tube had a larger mean effect size (-.691, -24.9%) in 

comparison to those with a gastrostomy tube (-.118, 4.1%). Twenty four percent of cases without 

a gastronomy tube had counter-therapeutic results, whereas 34.2% of cases with a gastronomy 

tube had counter-therapeutic results. There was not a substantial difference between cases that 

implemented a functional analysis (-.521, 15.5%) and those that did not (-.378, -11.2). Although 

cases with a functional analysis had a slightly larger effect size, a greater percentage of cases 

which included a functional analysis had counter-therapeutic results (34.3%) in comparison to 

cases without a functional analysis (24%). With respect to target behaviours, when aggression 

was targeted alone the mean effect size was -1.663 (-72.7%), and the mean effect size for 

negative vocalizations alone was -.828 (-42.5%). When a combination of topographies were 

measured, such as head turns, hitting/blocking, throwing food, and negative vocalizations, the 

mean effect size was -.311 (-5.2%). The baseline mean, whether IMB was measured by rate or 

percentage, did not seem to be associated with effect size. For cases with a baseline mean of zero 

to five responses per minute the mean effect size was -.242 (1.2%). For cases with a baseline 

mean of six to 10 responses per minute the mean effect size -3.62 (8.7%), cases with 11 to 30 

responses per minute had a mean effect size of -.535 (-22.8%) and 31 to 50 responses per minute 

had an effect size of -.018 (-.5%). With respect to the cases that measured IMB as a percentage 

of trials, cases with a baseline mean 0% to 10% corresponded with a mean effect size of -.62 (-

35.8%), cases 11% to 20% were associated with a mean effect size of -1.19 (50.5%), and cases 

with a baseline mean of 21% to 40% were associated with a mean effect size of -.675 (-41.3%).  
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Discussion 

The purpose of this review was to analyze the relative efficacy of escape extinction, non-

escape extinction, and combined escape extinction plus non-escape extinction as behavioural 

interventions in the treatment of IMB, as well as to identify whether negative side effects were 

associated with any intervention type. Further, we sought to answer (a) what the relative efficacy 

of escape extinction-based interventions are compared to non-escape extinction-based 

interventions and (b) whether larger effect sizes are associated with interventions featuring 

escape extinction in combination with alterative non-escape extinction-based interventions, 

compared to effect sizes associated with escape extinction alone or alternative interventions 

alone.  

The results of this review indicate that combined escape extinction with non-escape 

extinction interventions were associated with the largest effect size and percentage of change 

between baseline and intervention phases (-1.489, -39.6%, respectively), in comparison to escape 

extinction alone (-1.199, 8.1%) and non-escape extinction interventions alone (-.503, -15%). In 

comparing escape extinction alone and non-escape extinction alone, escape extinction alone 

resulted in a larger mean effect size.  

Counter-therapeutic results occurred across all three intervention types. Although ten 

cases involving escape extinction interventions demonstrated counter-therapeutic results 

(18.5%), the mean effect size demonstrated that overall, the escape extinction interventions were 

associated with a large effect size. However, the mean percentage change indicated that there 

was a counter-therapeutic percentage of change. In other words, despite there being a few cases 

where the rate of IMB increased during the intervention phase in comparison to baseline (i.e., 

counter-therapeutic results) escape extinction overall was effective in decreasing IMB. With 
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respect to non-escape extinction, the highest percentage of counter-therapeutic outcomes were 

observed (32.8%); however, the upper range of effect sizes and percentage change was the 

lowest for this intervention type (1.93, 266.5%), in comparison to escape extinction alone (1.99, 

2669.5%) and combination interventions (2.12, 1606%). Therefore, although a higher percentage 

of non-escape extinction interventions resulted in counter-therapeutic effects, these effects were 

not as great as in the other two intervention types. In addition, non-escape extinction was the 

only intervention type without any reported negative side effects. Therefore, it may be the case 

that when non-escape extinction is counter-therapeutic, these interventions result in minimal 

increases in IMB compared to the counter-therapeutic outcomes for escape extinction alone and 

combination interventions. The combination interventions resulted in the fewest number of cases 

with counter-therapeutic effects (4.4%), in comparison to escape extinction alone and non-escape 

extinction alone. Despite only five cases within combination interventions that demonstrated 

counter-therapeutic results (4.4%), the mean percentage change indicated a low degree of change 

according to our predetermined criteria (>70% = high degree of change, 50%-70% = moderate 

change, <50 = low change). The low percentage change observed across all intervention types is 

likely because the inclusion of counter-therapeutic cases in the percentage change calculation 

inflated overall percentages. For example, “Nate” in Reed et al., (2004) engaged in higher levels 

of IMB during the intervention phase which resulted in an effect size of .670 and a percentage 

change of 1606%. Similarly, “Emeril” in Taylor (2020) engaged in higher levels of IMB in the 

intervention phase which produced an effect size of 1.67 and a percentage change of 433%. For 

therapeutic outcomes (i.e., negative percentage change), the lowest possible value would be -

100%, which would indicate that there was 100% change between baseline and intervention 

means; however, there is no ceiling for positive percentage change. As a result, the overall mean 
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percentage change was drastically impacted by the counter-therapeutic results obtained from a 

minority of cases. Therefore, the mean effect sizes may be a more suitable interpretation of the 

results in comparison to the mean percentage change for each of the interventions.  

In addition to evaluating effect sizes across intervention types, the percentage of cases 

that achieved mastery criteria may provide further information on the efficacy of an intervention 

type. We defined mastery as a 90% reduction in IMB from the baseline mean across five 

consecutive sessions. Combination interventions achieved mastery criteria in a greater number of 

cases (55%) than escape extinction alone or non escape extinction alone. The percentage of cases 

meeting mastery criteria was similar for escape extinction alone and non-escape extinction alone 

interventions (39% and 31%, respectively). Across all intervention types, some cases achieved 

mastery within the first five sessions, indicating that there was an immediate 90% reduction once 

the intervention was implemented (e.g., Berth et al., 2019; Borrero et al., 2013; Kirkwood et al., 

2021; Levin & Carr, 2001). Alternately, some cases took over 40 consecutive sessions to achieve 

mastery in both escape extinction alone cases and combination cases (e.g., Addison et al., 2012; 

Hoch et al., 1994; Ibañez et al., 2019). The highest number of sessions required to achieve 

mastery within non-escape extinction cases was 18 sessions. This indicates that when non-escape 

extinction interventions achieved mastery criteria, mastery was achieved in a lower number of 

sessions than in escape extinction alone or combination interventions. That is, non-escape 

extinction interventions in this study were the most efficient at decreasing rates of IMB when 

these cases achieved mastery criteria. Escape extinction alone and combined interventions were 

equally as efficient at decreasing IMB in cases where mastery was achieved. Although 

combination interventions were less efficient at decreasing IMB that non-escape extinction 

interventions, combination interventions met mastery criteria in a greater percentage of cases 
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than escape extinction or non-escape extinction alone. Therefore, in addition to having the 

largest mean effect size, combination interventions also had the greater percentage of cases that 

achieved mastery criteria.  

With respect to the negative side effects of interventions, our findings partially support 

the results of previous studies on the use of extinction during the treatment of behaviour 

problems broadly (Lerman & Iwata, 1995), and escape extinction for IMB specifically (Woods 

& Borrero, 2019). Lerman and Iwata (1995) evaluated 113 applications of extinction procedures 

and found that extinction bursts occurred during 24% of cases. Further, the authors identified that 

when extinction was implemented alone there was a higher percentage of extinction bursts (36%) 

in comparison to when extinction was combined with other treatment components (12%), such as 

DRA and NCR interventions (Lerman & Iwata, 1995). Piazza et al. (2003) also discussed that the 

addition of positive reinforcement to escape extinction interventions may reduce extinction 

bursts and negative vocalizations. Woods and Borrero evaluated the occurrence of extinction 

bursts in the treatment of IMB and found that extinction bursts occurred for 30% of participants. 

In the present study, extinction bursts were reported by authors in 16.6% of escape extinction 

cases and 3.2% of combined cases, which parallels the findings of Lerman and Iwata (i.e., a 

fewer number of cases with extinction bursts when a reinforcement component is added to 

intervention). The lower percentages observed in the present review may be because we chose to 

include only side effects that were explicitly identified by authors, as we could not reliably 

define what would constitute a negative side effect or what degree of increase in IMB could be 

conceptualized as an extinction burst. However, there were a number of cases where an 

extinction burst was not identified by authors despite the rate of IMB increasing during the first 

few sessions of implementing escape extinction, which would be indicative of an extinction burst 
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when visually analyzing SCED graphs (e.g., Berth et al., 2019; Dawson et al., 2003; Rubio et al., 

2015). Further, there were a number of cases where negative vocalizations did not occur during 

baseline but did occur during the intervention (e.g., Allison et al. 2012; Berth et al., 2019; Piazza 

et al., 2003; Reed et al., 2004; Taylor & Haberlin, 2020), which could be described as extinction-

induced negative vocalizations. Two studies reported the development of negative vocalizations 

as a side effect of escape extinction (Allison et al., 2012; Piazza et al., 2003) and we coded them 

as such; however, the remaining studies did not explicitly identify this as a negative side effect. 

Therefore, although a lower percentage of negative side effects were identified in this review 

compared to previous studies, this is likely because we took a more conservative approach to our 

scoring of extinction bursts (i.e., side effects were only scored a when authors reported them). 

Consequentially, the overall rate of negative side effects may be higher than what was found in 

the present study.  

Given that non-escape extinction interventions did not report any negative side effects but 

were still efficacious overall, we compared participant demographics and intervention details to 

non-escape extinction intervention outcomes to explore the conditions under which non-escape 

extinction procedures could be attempted. We were not able to identify any explicit patterns that 

would inform the specific circumstances in which non-escape extinction could lead to large 

effect sizes, however, there were some notable results. Although there were more cases including 

a participant diagnosed with a developmental disability (n = 25) compared to a diagnosis of ASD 

(n = 7), a greater mean effect size was observed for those with ASD. Further, no cases including 

a participant diagnosed with ASD displayed counter-therapeutic results, indicating that for every 

application of non-escape extinction for participants with ASD, therapeutic outcomes were 

observed. Therefore, it is possible that non-escape extinction interventions lead to larger 
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effective sizes in participants diagnosed with ASD than participants with other, or no diagnosis. 

Furthermore, participants without a gastronomy tube had a substantially larger mean effect size 

than those with a gastronomy tube. Given that many non-escape extinction interventions rely on 

the participant consuming a food to obtain reinforcement (i.e., DRA), and a gastronomy tube 

may be related to total, or significant, food refusal, in comparison to participants who do not 

need a gastronomy tube, it is reasonable that effect sizes are lower in these non-escape extinction 

cases. It is possible that the degree of food refusal may be indicative of whether non-escape 

extinction interventions will lead to larger effect sizes. Although larger effect sizes were 

observed within certain demographic characteristics, it is difficult to isolate specific 

characteristics of individuals that would increase the probability of non-escape extinction 

interventions being effective. More research in this area is needed to determine whether non-

escape extinction interventions reliably lead to greater effect sizes under specific circumstances 

or when implemented for participants with certain characteristics.  

Although non-escape extinction interventions resulted in moderate effect sizes overall, in 

cases where non-escape extinction does not result in a reduction in IMB the addition of escape 

extinction may be necessary. The combination of DNRA plus escape extinction had one of the 

largest effect sizes, however, DNRA-alone (i.e., non-escape extinction) resulted in counter-

therapeutic results across 100% of cases. This may be because during DNRA, IMB produces 

escape, which can result in consumption never contacting the DNRA-reinforcement criteria. In 

this situation, LaRue et al. (2011) discontinued providing reinforcement for IMB by adding NRS 

and re-presentation to the intervention, which resulted in IMB decreasing. It is possible that for 

these cases, escape extinction was a necessary treatment component to decrease IMB. However, 

it is unknown whether DNRA alone would have been effective if the participants experienced the 
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reinforcement contingency of accessing escape for consumption. Piazza et al., (2003) 

hypothesized that reinforcement alone is less effective in the treatment of IMB when participants 

engage in total food refusal, and therefore may not meet the criteria to obtain reinforcement in 

DRA or DNRA procedures. If participants contact the reinforcement contingency for appropriate 

behaviours, it is possible that non-escape extinction alone may be effective. However, in cases 

where participants engage in total food refusal, providing reinforcement for consumption may 

only be effective when escape extinction is introduced. For example, in many of the non-escape 

extinction cases (e.g., Berth et al., 2019; Casey et al., 2009; Kozlowski et al., 2016), escape was 

provided for IMB and non-functional reinforcers were provided throughout the session, either 

noncontingently or following an appropriate behaviour (e.g., consumption of non-preferred 

food). Within combination interventions, non-functional reinforcers were also provided (e.g., 

Berth et al., 2019; Casey et al., 2009; Gale et al., 2011, Kozlowski et al., 2016). Kozlowski et al. 

(2016) implemented DRA (access to preferred tangibles and praise contingent on food 

consumption) across participants and provided escape from the feeding context contingent on 

IMB. This intervention did not lead to considerable improvements in IMB across participants 

and resulted in counter-therapeutic outcomes for one participant (M = -.296). This may be 

because the functional reinforcer of escaping the nonpreferred food could have been a more 

powerful reinforcer than accessing non-functional reinforcement for consuming a nonpreferred 

food. Participants could have preferred the escape for IMB as a reinforcer over non-functional 

reinforcers for consumption, which resulted in the maintenance of IMB. Within the Kozlowski et 

al (2016) study, a combination of DRA and NRS was also implemented for all participants. 

During this combined intervention, escape was no longer provided for IMB but access to 

tangibles and praise contingent on food consumption was still in place. Outcomes of the 
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combined intervention produced significant decreases in IMB (M = -2.393). Therefore, when 

escape was no longer available as a reinforcer for IMB, the rate of IMB decreased. Since 

combination interventions result in greater effect sizes overall in comparison to escape extinction 

alone, it appears that when alternative reinforcement alone is not effective, the addition of escape 

extinction and non-functional reinforcement within the intervention produces greater reductions 

in IMB (i.e., combined escape extinction and positive reinforcement).   

Although non-functional reinforcement and escape extinction was effective overall as a 

combination intervention, interventions that included attention extinction had some of the largest 

effect sizes. However, for all of these cases a functional analysis showed that IMB was 

maintained by both escape and access to attention. Bachmeyer et al. (2009, 2019) and Kirkwood, 

Bachmeyer, et al. (2021) found that the combination of escape extinction and attention extinction 

led to greater reductions in IMB for participants who’s IMB was maintained by escape and 

attention, in comparison to either intervention alone. Alternatively, Kirkwood, Piazza et al., 2021 

found no difference in treatment outcomes dependent on whether attention extinction was 

implemented or if attention was provided for participants who’s IMB was maintained only by 

escape. This suggests that when IMB is maintained both by escape and access to attention, but 

not escape alone, including attention extinction in the intervention may lead to greater effect 

sizes. However, approximately half of the cases in this review did not include a functional 

analysis, and therefore it is unclear whether participants IMB was maintained by escape alone or 

escape and access to positive reinforcement. Further, results indicated that there were not 

substantial differences in effect sizes between cases that implemented a functional analysis and 

those that did not. These results align with a previous review on IMB that demonstrated that 

implementing a functional analysis did not improve treatment utility (Saini, Jessel, et al., 2019). 
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Therefore, it is surprising that the inclusion of attention extinction consistently led to greater 

effect sizes while the implementation of a functional analysis did not result in substantially 

different effect sizes. One explanation for this may be that regardless of the function of IMB or 

treatment implemented, mediators typically withhold attention contingent on IMB, which 

procedurally aligns with attention extinction (Saini, Jessel et al., 2019). In fact, a number of 

studies reported that IMB was ignored (or no consequences were provided contingent on IMB), 

and that praise was provided for appropriate behaviours such as consumption (e.g., Hoch et al., 

1994; Khang et al., 2001; Ibañez et al., 2019). However, Bachmeyer et al. (2009, 2019) and 

Kirkwood, Bachmeyer, et al. (2021) provided attention contingent on IMB, which does not align 

with typical implementation of feeding interventions (Saini, Jessel et al., 2019). This procedural 

difference may explain why an analysis of these studies produced high effect sizes when escape 

extinction and attention extinction were combined. Therefore, the effect of attention extinction 

(or simply withholding attention contingent on IMB) as an intervention for escape-maintained 

IMB is unclear.  

In addition to direct outcomes of interventions, caregiver perception and preference is an 

important consideration in the treatment of IMB as caregivers are often responsible for 

consenting to and ultimately implementing feeding procedures (Tereshko et al., 2020; Ibañez et 

al., 2019). Further, the extent to which parents find interventions socially acceptable may impact 

their implementation of and adherence to the intervention (Kazdin, 1980). Previous studies 

showed varied parental preference in regard to acceptability of escape extinction generally 

(Owen et al., 2021; Vazquez et al., 2017) and participant preference for reinforcement based 

interventions in comparison to escape extinction (Owen et al., 2021). In the current review, 

social validity was only measured for 14 participants (15%). For five participants, parents 
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reported on their preference between NRS and physical guidance (Ahearn et al., 2001; Ahearn et 

al., 1996), with the majority preferring physical guidance. Allison et al. (2012) reported that one 

parent had a preference for NCR and NRS over DRA and NRS. In addition, authors reported that 

this parent did not consent to the implementation of escape extinction alone. Although Anderson 

and McMillian (2001) did not implement a formal social validity measure, they identified that 

parents were not comfortable with the re-presentation procedure, and instead a combination of 

DRA and NRS was implemented. In another study without a formal social validity assessment 

(Berth et al., 2019), parents requested that the use of re-presentation be discontinued from the 

combination intervention. Parents of participants in Kirkwood, Piazza et al., (2021) reported a 

preference for attention extinction combined with escape extinction, rather than escape extinction 

with attention as reinforcement for IMB, as they did not want to provide attention contingent on 

challenging behaviour. Results of a social validity questionnaire in Rubio et al., (2020) identified 

that parents were comfortable with the combined escape extinction and DRA procedure, 

however, they agreed that the use of a finger prompt was an invasive procedure. Similarly, 

parents in Rubio et al. (2015) reported that the escape extinction intervention was acceptable, 

however, one parent disclosed that they were uncomfortable with their child crying for long 

periods of time. In all cases that explicitly reported on acceptability of the intervention, social 

validity questionnaires displayed that parents generally find escape extinction, either alone or in 

combination with non-escape extinction, an acceptable intervention. However, in many cases 

parents identified discomfort with certain aspects of the escape extinction procedure. There were 

no social validity measures for non-escape extinction alone interventions, and therefore it cannot 

be concluded whether parents preferred one type of intervention over the other. Further, 

participant preferences were not measured in any of the included studies. In addition to caregiver 
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preference, it may be difficult for parents to implement escape extinction procedures with high 

procedural integrity (Bachmeyer, 2009), given the potential negative side effects (e.g., extinction 

burst). Therefore, although escape extinction led to greater effect sizes than non-escape 

extinction in this review, reinforcement based non-escape extinction interventions may be a more 

socially valid intervention option for the treatment of IMB given that escape extinction 

procedures may result in negative side effects, parents have reported discomfort with some 

procedural components, and past studies have demonstrated participant preference for 

reinforcement-based interventions.  

In addition to the potential side effects and lower social validity of escape extinction, 

escape extinction may not align with a trauma-informed approach to treatment or adhere to the 

least intrusive most effective doctrine adopted by the field of ABA. These approaches to 

treatment are gaining prevalence across social service disciplines and have impacted public 

policy and guideline development (Baker et al., 2018; Isobel & Edwards, 2017; Rajaraman et al., 

2021; Wolkin & Everett, 2018). Trauma-informed care is an approach to treatment which 

recognizes that individuals may have experienced past trauma, and individualizes treatments in a 

way that are sensitive to one’s history (Harris & Fallot, 2001; Rajaraman et al., 2021). 

Additionally, trauma-informed care suggests that participants assent in treatment is critical for 

success (Rajaraman et al., 2021). A key suggestion for incorporating trauma-informed care into 

treatment planning is implementing the least intrusive, most effective intervention options prior 

to implementing an intervention that may result in negative emotional responding (Rajaraman et 

al., 2021). This concept aligns with the behavior analyst certification board (BACB) code of 

ethics, as it states that behaviour analysts should focus on minimizing the risk of harm when 

implementing interventions (BACB, 2022). In the present study, we found that interventions that 
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included escape extinction were associated with higher levels of negative side effects compared 

to non-escape extinction interventions, therefore, escape extinction could be conceptualized as 

being more intrusive than non-escape extinction. Therefore, it is recommended that escape 

extinction should only be implemented under circumstances where less intrusive (reinforcement-

based) interventions have not resulted in effective treatment outcomes. We recommend that 

practitioners employ the use of non-escape extinction interventions as an initial treatment for 

IMB whenever possible. The efficacy of non-escape extinction interventions corresponded with 

moderate effect sizes with no cases with reported negative side effects, and therefore these 

interventions are unlikely to cause significant harm to participants. If non-escape extinction does 

not lead to clinically significant treatment outcomes, or if an individual requires an immediate 

and intensive feeding intervention to address food refusal, a combination of escape extinction 

and non-escape extinction should be implemented. Given that the combination of escape 

extinction and non-escape extinction interventions led to a substantially larger mean effect size 

in comparison to escape extinction alone, it is recommended that escape extinction is not 

implemented alone in the treatment of IMB (e.g., Ibañez et al., 2019; Ahearn et al., 1996; Rubio 

et al., 2015). Further, although we compared demographic information to effect sizes for non-

escape extinction interventions, future research should expand on these results by aiming to 

identify whether there are specific contexts or conditions in which non-escape extinction alone 

may be most effective. 

Limitations and Recommendations for Future Research  

Due to the variability across target behaviours and the lack of available guidelines for 

classifying IMB as severe or not, we were not able to extract information regarding the severity 

of IMB. For example, some participants engaged in SIB which could be considered to be more 
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severe than head turns and hitting/blocking, however, in some cases SIB occurred during only 

43.5% of trials (Wilder et al., 2005) whereas head turns and hitting/blocking occurred during 

over 95% of trials (Seiverling et al., 2018). Given the considerable difference in topographies, as 

well as rates of IMB, we could not quantify what would constitute severe IMB. However, it is 

possible gastronomy tube dependency may correlate with IMB severity and therefore certain 

treatments, such as non-escape extinction alone, may not be effective under these circumstances. 

Future research should aim to classify the severity of IMB, as the ability to classify a specific 

rate or topography of IMB as severe may provide additional information on the efficacy of an 

intervention for a specific case and could inform the decision to implement one intervention over 

another. This may also provide information on whether non-escape extinction alone could be 

effective, or if a more intrusive, combination intervention, should be implemented.  

In addition to classifying the severity of IMB, an explicit definition or criteria for 

intervention side effects should be developed. This would allow practitioners and researchers to 

reliably identify whether an intervention is producing negative side effects. Given that only 5.9% 

of cases in this review reported the presence of negative side effects, its unclear under what 

circumstances negative side effects may occur. Further, it’s uncertain whether the low percentage 

of negative side effects reported across cases is because they did not occur or that they were not 

reported. Therefore, researchers should report on both the presence and absence of negative side 

effects of intervention for IMB.  

Some cases in the present review measured a combination of topographies within their 

classification of IMB, and at least one behaviour was not included in our definition for IMB 

(e.g., expulsions; Alaimo et al., 2018). We were not able to extract those specific topographies in 

cases where they were measured and reported together, and therefore this information was 
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included in our review (i.e., there may have been cases where IMB included expulsions). 

However, this only occurred for 2.6% of cases and therefore it is unlikely that this impacted 

results.  

This review was further limited in that we did not evaluate whether acceptance of foods 

increased. This review was specific to outcomes for IMB, however, increasing food consumption 

is also a primary goal of studies targeting food refusal (Chawner et al., 2019), as limited 

consumption can lead to significant health deficiencies (Penrod et al., 2012). However, food 

refusal is an incompatible behaviour to food acceptance, and therefore it is likely reductions in 

IMB lead to concomitant increases in food acceptance. Consequently, our results may capture 

the effectives of interventions for food refusal generally, even though we did not specifically 

measure food acceptance. Future research should aim to compare the outcomes of both IMB and 

food acceptance to explicitly demonstrate overall treatment efficacy in improving food refusal 

behaviours and increasing consumption. 

Finally, practitioners and researchers should aim to evaluate the maintenance, 

generalization, and social validity of interventions for IMB. In the current review, maintenance 

was evaluated within 8.5% of cases, generalization in 14%, and social validity was measured for 

15% of participants. Therefore, there is limited information on whether treatment outcomes 

maintain over time or generalize to natural environments, which is a primary goal for feeding 

interventions (Tereshko et al. 2021). Further examination of maintenance and generalization, as 

well as social validity, is essential to determining the overall effectiveness of an intervention. 

Obtaining measures of social validity prior to, during, and following a behavioural intervention 

for IMB aligns with best practices associated with trauma-informed ABA (Rajaraman et al., 

2021). 
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Conclusion 

To our knowledge, this is the first review to synthesize the literature on the efficacy of 

escape extinction, non-escape extinction, and interventions that include components of both 

escape extinction and non-escape extinction in the treatment of IMB. In summary, escape 

extinction interventions corresponded to a larger mean effect size than non-escape extinction 

interventions; although, escape extinction resulted in the highest percentage of reported negative 

side effects. Non-escape extinction corresponded to the lowest mean effect size and the highest 

percentage of counter-therapeutic cases. However, non-escape extinction had no reports of 

negative side effects, was the most efficient in achieving mastery, and demonstrated less severe 

counter-therapeutic results than the other intervention types. Combined escape extinction and 

non-escape extinction resulted in the largest mean effect size. Combined cases also had a fewer 

percentage of cases reporting on negative side effects compared to escape extinction alone, had 

the highest percentage of cases obtaining mastery criteria, and was equally as efficient at 

decreasing IMB as escape extinction interventions. Given the substantial range of effect sizes 

across intervention types as well as the dearth of reports on social validity, maintenance, and 

generalization, it is unclear which intervention type is most appropriate across differing 

circumstances. Therefore, additional research involving more rigorous direct evaluations of 

outcomes is required to determine the most efficacious treatment option for IMB.  
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Table 1 

Participant Demographic Information  

Characteristic  n % 
Year     
  1990 - 1999  2 5 
  2000 - 2005  9 24 
  2006 - 2010  4 11 
  2011 - 2015  8 21 
  2016 - 2021  15 39 
Participants   

  Age   

    0 - 1 12 13 
    2 - 4 54 58 
    5 - 7 20 22 
    8 - 10  2 2 
    11 + 0 0 
    Not Reported 5 5 
  Sex   

    M 66 71 
    F 22 24 
    Not Reported 5 5 
  Developmental Diagnosis   

    DD 22 24 
    ASD 19 20 
    GDD 3 3 
    PDD 2 2 
    None 34 37 
    Other 13 14 
    Not Reported 3 3 
  Medical Diagnosis   

    Yes 65 70 
    No 18 19 
    Not Reported 10 11 
  Gastrostomy Tube   

    Yes 40 43 
    No 44 47 
    Not Reported 9 10 
  Functional Analysis   

    Yes 46 49 
    No 47 51 
  Functional Analysis Results    
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    Escape 25 27 
    Attention 0 0 
    Escape & Attention 17 18 
    Escape Attention & Tangible  3 3 
    Escape & Tangible  1 1 
    Tangible  0 0 

 

 Note. We calculated percentages for Study Year with the number of studies as the denominator (n 

= 38). We calculated percentages for the rest of the table with the number of participants as the 

denominator (n = 93). The sum for developmental diagnosis may not equal 93 participants or 

100% because some participants had multiple diagnoses. DD = developmental disability; ASD = 

autism spectrum disorder; GDD = Global developmental delay; PDD = pervasive developmental 

disorders 
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Table 2 

Intervention Details  

Intervention Details  n % 
Target Behaviours     
    Hitting/Blocking 216 70 
    Turning Head 201 65 
    Negative Vocalizations 97 32 
    Throwing Food 76 25 
    SIB 17 6 
    Aggression 16 5 
Target for Consumption   0 
    Food 253 82 
    Drink 40 13 
    Food & Drink  11 4 
Setting       
    Clinic 275 90 

    Hospital 16 5 

    Home 10 3 
    School 4 1 
    Home & School 2 1 
Mediator       
    Therapist 256 83 
    Parent 45 15 
    Therapist & Parent 6 2 
    Teacher 4 1 
    Therapist & OT 3 1 
Experimental Design     
    Multielement & Reversal 156 51 
    Reversal 93 30 
    Multiple Baseline 34 11 
    Multielement 18 6 

    
Multielement & Multiple 
Baseline 6 2 

Number of Sessions     
    0 - 10 57 19 
    11 - 20 98 32 
    21 - 50 126 41 
    50 - 100 23 7 
    101 + 3 1 
Negative Side Effects     
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    Identified 18 6 
    Not Identified 289 94 
Baseline Mean      
  Responses per Minute     
    0-5 61 20 
    6 - 10 26 8 
    11-30 88 29 
    31 - 50 25 8 
    51 + 5 2 
  Percentage of Trials    0 
    0 - 10 53 17 
    11 - 20 10 3 
    21 - 40 12 4 
    41 - 60 8 3 
    61 - 80 8 3 
    81 - 100 11 4 
Mastery Criteria     
  Mastery Achieved     
    Y 137 45 
    N 162 53 
    N/A 43 14 
  Number of Sessions to Mastery     
    5 - 10 82 27 
    11 - 20 43 14 
    21 - 30 6 2 
    31 - 40 2 1 
    41 + 4 1 

Intervention Type     
  Combination 154 50 
  Non-EE 87 28 
  EE    66 21 

 

 Note. We calculated percentages across the table with the number of cases as the denominator (n 

= 307). The sum for Target Behaviours may not equal 307 or 100% as some cases had multiple 

topographies targeted. SIB = self-injurious behaviour; EE = escape extinction; OT = 

occupational therapist 
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Table 3 

Descriptive Statistics for All Intervention Types 

  Total Cases 
Number of 

sessions 
Mastery 
Achieved 

Number of 
sessions to 
mastery Quality Score 

Negative Side 
Effects 

Intervention n % M Range n % M Range M Range n % 

Overall 307 100 26.0 2 - 197 138 45.0 12.1 5 - 53 2.30 .5 - 3.61 18 5.9 

EE 66 21.5 24 3 - 97 26 39.4 12.2 5 - 53 2.04 1.41 - 2.75 11 16.6 

Non-EE 87 28.3 20 3 - 75 27 31.0 9.0 5 - 18 2.25 1.03 - 3.11 0 0 

Combination 154 50.2 30.0 2 - 197 85 55.2 12.7 5 - 45 2.33 .5 - 3.61 7 4.5 
                          
                              

 Note. EE = Escape extinction.  
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Table 4 

Descriptive Statistics for Escape Extinction Interventions  

 

 

 

 

 

 

 

 

 

Note. NRS = non-removal of the spoon/cup 

 

  

 

 

 

  
Total 
Cases 

Number of 
sessions 

Mastery 
Achieved 

Number sessions 
to mastery Quality Score 

Negative Side 
Effects 

Intervention n % M Range n % M Range M Range n % 
NRS & Re-
Presentation 24 36.4 26 10 - 77 7 29.2 13.7 5 - 53 2.24 1.69 - 2.75 4 16.7 

NRS 20 30.3 20.1 3 - 38 5 25.0 10.4 5 - 20 1.86 1.78 - 2.31 4 20.0 

Physical Guidance 12 18.2 28.3 12 - 97 7 58.3 9.4 6 - 11 1.78 1.78 3 25.0 

NRS & Jaw Prompt 3 4.5 9 3 - 20 1 33.3 9 N/A 1.81 1.81 0 0 

NRS & Finger Prompt 3 4.5 8.3 3 - 18 1 33.3 9 N/A 1.81 1.81 0 0 
NRS, Finger Prompt, 
& Side Deposit  2 3.0 63 55 - 71 2 100 23.5 20 - 27 1.81 1.81 0 0 

NRS, Re-Presentation, 
& Physical Guidance 2 3.0 20 20 1 50 7 N/A 2.22 2.22 0 0 
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Table 5 

Descriptive Statistics for Non-Escape Extinction Interventions 

  
Total 
Cases 

Number of 
sessions 

Mastery 
Achieved 

Number sessions 
to mastery Quality Score 

Negative Side 
Effects 

Intervention n % M Range n % M Range M Range n % 

DRA 36 41.4 16.3 3 - 61 14 60.9 9.3 5 - 18 2.29 1.58 - 3.11 0 0 

NCR 23 26.4 13.8 6 - 20 4 33.3 6.5 5 - 8 2.10 1.69 - 2.53 0 0 

Attention Extinction 8 9.2 21.3 6 - 35 0 0 N/A N/A 2.61 2.39 - 2.83 0 0 

DNRA 6 6.9 15.8 7 - 26 0 0 N/A N/A 2.39 2.39 0 0 
DRA & Attention 
Extinction 4 4.6 29.8 16 - 63 1 25 13 N/A 2.95 2.78 - 3.0 0 0 

Sensory Integration 3 3.4 50.3 34 - 75 0 0 N/A N/A 2.3 2.3 0 0 

DRA & Shaping 2 2.3 44.5 32 - 57 2 100 9 7-11 2.83 2.83 0 0 

Fading  2 2.3 41 30 - 52 2 100 5.5 5-6 1.78 1.78 0 0 

Attention Extinction 
& Response Cost 1 1.1 61 n/a 1 100 10 N/A 2.06 n/a 0 0 

DRA & NCR 1 1.1 20 n/a 1 100 5 N/A 2.22 n/a 0 0 
 

 Note. DRA = differential reinforcement of alternative behaviour; NCR = noncontingent reinforcement; DNRA = differential negative 

reinforcement of an alternative behaviour 
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Table 6 

Descriptive Statistics for Combination Interventions  

  Total Cases 
Number of 

sessions 
Mastery 
Achieved 

Number sessions 
to mastery Quality Score 

Negative 
Side Effects 

Intervention n % M Range n % M Range M Range n % 

NRS & DRA 25 16.2 25.1 6-52 9 42.9 13.1 5 - 28 2.51 1.78 - 3.11 1 4.8 

NRS, Re-Presentation, & 
DRA 16 10.4 24.7 3 - 90 7 43.8 8.14 5 - 13 2.65 1.58 - 3.53 0 0 

NRS, Re-Presentation, & 
Attention Extinction 13 8.4 50.8 6 - 45 13 100 14.4 6 - 45 3.13 2.75 - 3.53 0 0 

NRS, Re-Presentation, & 
NCR 12 7.8 16.7 10 - 28 6 50 8.3 5 - 23 1.69 1.96 1   

NRS & Attention 
Extinction 10 6.5 32.3 4 - 68 4 40 15.3 10 - 18 2.70 2.39 - 2.83 0 0 

NRS & NCR 9 5.8 26.7 2 - 76 5 55.6 16.8 7 - 43  1.69 - 2.3 2 22 
NRS, Re-Presentation, 
Physical Guidance, & 
DRA 8 5.2 24 12 - 47 4 50 8.2 7 - 9 2.43 2.22 - 2.53 0 0 
NRS, Re-Presentation, 
Physical Guidance, & 
NCR 8 5.2 29 16 - 39 4 50 12.6 5 - 23 2.49 2.44 - 2.53 0 0 

NRS, Re-Presentation, & 
DNRA 6 3.8 36.5 29 - 45 3 50 10.3 6 - 17 2.39 2.39 0 0 

Other  47 30.5 31.6 3 - 167 26 55 13.8 5 - 41 2.46 1.69 - 3.61 1 2.1 
                          
                          

Note. NRS = non-removal of the spoon/cup; DRA = differential reinforcement of alternative behaviour; NCR = noncontingent 

reinforcement; DNRA = differential negative reinforcement of an alternative behaviour 
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Table 7 

Overall Intervention Effect Size Analysis   

  
Total Cases 

for LRR LRR Percentage Change 
Counter 

Therapeutic Cases 
Intervention  n M Range M Range n % 
Overall 229 -1.141 -4.71 - 2.12 -20.7 -99.5 - 2669.5 35 15.3 
EE 54 -1.2 -4.79 - 1.99 8.1 -99.5 - 2669.5 10 18.5 
Non-EE 61 -.503 -3.525 - 1.93 -15.0 -97 - 266.5 20 32.8 
Combination 114 -1.489 -4.205 - 2.12 -39.6 -97.5 - 1606 5 4.4 
                

 

Note. EE = Escape extinction. 

 

 

 

 

 

 

 

 

 



85 
 

Table 8 

Escape Extinction Effect Size Analysis   

  
Total Cases 

for LRR LRR Percentage Change 

Counter-
Therapeutic 

Cases 
Intervention  n % M Range M Range n % 

NRS & Re-Presentation 17 31.5 -1.238 -4.79 - 1.995 105.5 -99.5 - 2669.5 3 17.7 
NRS 16 29.6 -.909 -3.21 - .25 -40.8 -94.5 - 28 2 12.5 
Physical Guidance 12 22.2 -1.102 -2.455 - .725 -27.0 -86 - 156 2 16.7 
NRS & Jaw Prompt 3 5.5 -2.35 -3.45 - -1.59 -87.8 -97 - -80 0 0 
NRS & Finger Prompt 3 5.5 -1.193 -2.35 - .7 -23.3 -90 - 102 1 33.3 
NRS, Finger Prompt, & Side 
Deposit  2 3.7 -2.2 -2.75 - -1.65 -86.3 -93.5 - -79 0 0 
NRS, Re-Presentation, & 
Physical Guidance 1 1.9 -.7 N/A -47.5 N/A 0 0 

         
 

Note. NRS = non-removal of the spoon/cup 
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Table 9 

Non-Escape Extinction Effect Size Analysis   

  
Total Cases 

for LRR Effect Size Percentage Change 
Counter-Therapeutic 

Cases 
Intervention  n % M Range M Range n % 

DRA 23 38.3 -.609 -2.355 - .46 -27.4 -90.5 - 59 5 21.7 
NCR 12 20.0 -.649 -3.525 - .545 -18 -97 - 94.5 4 33.3 
Attention Extinction 8 13.3 -.185 -.62 - .13 -11.4 -32.6 - 14 2 25 
DNRA 6 10.0 .123 .005 - .185 13.5 2 - 23.5 6 100 
DRA & Attention Extinction 3 5.0 -.118 -.415 - .34 12.3 -28 - 43 2 66.7 
Sensory Integration 3 5.0 .22 .52 - 1.275 76 -32 - 266.5 1 33.3 
DRA & Shaping 2 3.3 -1.21 -1.6 - -.82 -63.8 -80 - -47.5 0 0 
Fading  2 3.3 -.255 -.395 - -.115 -7.8 -12.5 - -3 0 0 
Attention Extinction & 
Response Cost 1 1.7 -2.52 N/A -87 N/A 0 0 
DRA & NCR 0 0.0 N/A N/A N/A N/A N/A N/A 
                  

  

Note. DRA = differential reinforcement of alternative behaviour; NCR = noncontingent reinforcement; DNRA = differential negative 

reinforcement of an alternative behaviour 
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Table 10 

Combination Effect Size Analysis   

  Total Cases for LRR LRR Percentage Change 
Counter 

Therapeutic Cases 
Intervention  n % M Range M Range n % 

NRS & DRA 21 18.4 -1.346 -4.205 - .465 -56.0 -96.5 - 80 1 4.8 
NRS, Re-Presentation, & 
DRA 13 11.4 -1.421 -3.32 - 1.67 -31.7 -96 - 433 1 7.7 
NRS, Re-Presentation, & 
Attention Extinction 13 11.4 -2.054 -3.38 - -.890 -83.3 -97 - -59 0 0 
NRS, Re-Presentation, & 
NCR 3 2.6 -.99 -3.23 - .670 494.8 -95.5 - 1606 1 33.3 
NRS & Attention Extinction 9 7.9 -1.562 -2.92 - -.70 -66.4 -94.5 - -50 0 0 
NRS & NCR 7 6.1 -1.623 -3.51 - 2.12 30.9 -97 - 729 1 14.3 

NRS, Re-Presentation, 
Physical Guidance, & DRA 4 3.5 -1.47 -2.51 - .200 -71.5 -91 - -38 0 0 

NRS, Re-Presentation, 
Physical Guidance, & NCR 3 2.6 -1.671 -2.38 - -1.255 -78.8 -91 - -71 0 0 
NRS, Re-Presentation, & 
DNRA 5 4.4 -1.651 -2.925 - -.475 -72.9 -93 - -38 0 0 
Other  36 31.6 -1.270 -3.595 - .100 -54.4 -97.5 - 17.5 4 11.1 

        
  

Note. NRS = non-removal of the spoon/cup; DRA = differential reinforcement of alternative behaviour; NCR = noncontingent 

reinforcement; DNRA = differential negative reinforcement of an alternative behaviour 

 



88 
 

Table 11 

Combined Demographics and Effect Size Analysis for Non-Escape Extinction Interventions 

      Total 
Mastery 
Achieved 

Number of 
sessions to 
mastery LRR cases Effect Size Percentage Change 

Counter-
Therapeut

ic Cases 

      n % n % n Range n % n Range n Range n % 

Participants                             

  Age                             

    0 - 1 14 16.1 1 7.1 6 N/A 10 71.4 -.127 -.52 - .545 2 -32 - 94.5 4 40.0 

    2 - 4 51 58.6 16 31.4 8.9 5 - 18 34 66.7 -.379 -3.525 - 1.275 -8.6 -97 - 266.5 11 32.4 

    5 - 7 20 23.0 8 40.0 8 5 - 14 16 80.0 -.844 -3.525 - .345 -34.3 -97 - 43 4 25.0 

    8 - 10  1 1.1 0 N/A N/A N/A 0 0.0 N/A N/A N/A N/A N/A N/A 

  Sex                             

    M 66 75.9 19 28.8 8.5 5 - 16 49 74.2 -.434 -3.525 - .545 -15.6 -97 - 94.5 17 34.7 

    F 19 21.8 6 31.6 8.7 5 - 18 10 52.6 -.581 -2.355 - 1.275 -2.4 -90.5 - 266.5 2 20.0 

    Not Reported N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 

  
Developmental 
Diagnosis                             

    DD 25 28.7 12 48.0 7.8 5 - 14 17 68.0 -.857 -3.525 - .13 -37.2 -97 - 22 3 17.6 

    ASD 7 8.0 2 28.6 6 5 - 7 6 85.7 -1.173 -2.14 - -.08 -56.8 -87.5 - -7 0 0.0 

    None 40 46.0 7 17.5 10.1 5 - 18 23 57.5 -.215 -2.355 - .545 -1 -90.5 - 94.5 9 39.1 

    Other 4 4.6 3 75.0 10.7 5 - 15 4 100.0 -.6 -.965 - -.2 -33.1 -47.5 - -14.5 0 0.0 

    Not Reported N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 

  Medical Diagnosis                            

    Yes 70 80.5 18 25.7 8.9 5 - 18 48 68.6 -.412 -3.525 - 1.275 -9.4 -97 - 266.5 15 31.3 

    No 8 9.2 3 37.5 7.7 5 - 11 6 75.0 -.356 -1.6 - .46 -11.1 -80 - 59 3 50.0 

    Not Reported N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 

  Gastrostomy Tube                             

    Yes 37 42.5 6 16.2 8.3 5 - 11 26 70.3 -.118 -2.52 - .545 4.1 -87 - 94.5 15 57.7 
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    No 44 50.6 14 31.8 9.2 5 - 18 32 72.7 -.691 -3.525 - 1.275 -24.9 -97 - 266.5 5 15.6 

    Not Reported N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 

  
Functional 
Analysis                             

    Yes 48 55.2 12 25.0 9 5 - 18 35 72.9 -.521 -3.525 - 1.275 -15.5 -97 - 266.5 12 34.3 

    No 38 43.7 13 34.2 8.1 5 - 16 25 65.8 -.378 -2.52 - .545 -11.2 -87 - 94.5 6 24.0 

  Target Behaviour   0.0                         

    
Negative 
Vocalizations 25 28.7 6 24.0 7.7 5 - 11 6 24.0 -.828 -1.93 - .095 -42.5 -85 - -9 1 16.7 

    Aggression  6 6.9 6 
100.

0 7.3 5 - 14 3 50.0 -1.663 -2.52 - -.63 -72.7 -47 - -87 0 0.0 

    SIB 1 1.1 0 0.0 N/A N/A 1 100.0 -2.14 N/A -87.5 N/A 0 0.0 

    

Combined 
Head Turns, 
Hitting, 
Blocking, 
Throwing 
Food, & 
Negative 
Vocalizations 

54 62.1 13 24.1 9.5 5 - 18 50 92.6 -.311 -3.525 - 1.275 -5.2 -97 - 266.5 18 36.0 

  Baseline Mean                              

  
Responses per 
Minute                             

    0-5 15 17.2 4 26.7 9.8 7 - 11 15 100.0 -.242 -2.52 - .545 1.2 -87 - 94.5 7 46.7 

    6 - 10 11 12.6 4 36.4 11.3 5 - 18 9 81.8 -.362 -2.355 - 1.275 8.7 -90.5 - 266.5 4 44.4 

    11-30 28 32.2 10 35.7 7.8 5 - 16 25 89.3 -.535 -3.525 - .185 -22.8 -97 - 22 7 28.0 

    31 - 50 4 4.6 1 25.0 5 N/A 3 75.0 -.018 -.09 - .115 -.5 -7 - 12 1 33.3 

    51 + 0 0.0 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 

  Percent of Trials                              

    0 - 10 21 24.1 5 23.8 8.2 5 - 11 2 9.5 -.62 -1.335 - .095 -35.8 -62.5 - -1.3 0 0.0 

    11 - 20 2 2.3 0 0.0 N/A N/A 2 100.0 -1.19 -1.93 - -.45 -50.5 -85 - -16 0 0.0 

    21 - 40 2 2.3 1 50.0 5 N/A 2 100.0 -.675 -1.15 - -.2 -41.3 -68 - -14.5 0 0.0 

    41 - 60 1 1.1 0 0.0 N/A N/A 1 100.0 -2.14 N/A -87.5 N/A 0 0.0 
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    61 - 80 2 2.3 0 0.0 N/A N/A 1 50.0 -.235 N/A -5.5 N/A 0 0.0 

    81 - 100 0 0.0 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 

                                  
  

Note. DD = developmental delay; ASD = autism spectrum disorder; SIB = self-injurious behaviour  
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Figure 1 

PRISMA diagram  

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3558 references imported for screening 
 

2173 studies screened against title and abstract 

1384 duplicates removed  

191 studies assessed for full text eligibility 

1982 studies excluded  
 

153 studies excluded  
 82 DV  
 41 Study design 
 12 Unpublished dissertations 
 9 No graph 
 9 DV and design  

 

38 studies included  
 



92 
 

Figure 2 

SCARF Quality & Rigor Scores 

 

 

 Note. This figure depicts quality and rigor scores as well as primary outcome scores for each 

participant. Scores of 4 on the x-axis indicate the best possible quality and rigor. Primary 

outcomes are displayed on the y-axis and are scored based on visual analysis. Scores represent 

the consistently of outcomes across demonstrations of effect. A score of 4 is indicative of 

consistent positive outcomes and a functional relation whereas a score of 0 indicates consistent 

non-effects.  
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Figure 3 

SCARF Generalization Scores 

 

 

 

Note. This figure depicts the outcomes and quality/rigor of generalization measurement across 

participants. The x-axis indicates whether generalization was measured only in a post 

intervention phase, pre- and post intervention phases, intermittently throughout the experimental 

design (less than three data points per phase), or experimentally throughout the experimental 

design (more than three data points per phase). The y-axis indicates outcomes of generalization, 

with a one indicating no effect and a 4 indicating a strong positive effect.  
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Figure 4 

SCARF Maintenance Scores 

 

 

Note. This figure depicts the outcomes and quality/rigor of maintenance measurement across 

participants. The x-axis indicates whether maintenance was measured immediately following the 

intervention phase, after a 1-week latency, 1 week to 1 month, or at/after a 1-month latency from 

the intervention phase. The y-axis indicates outcomes of maintenance, with a one indicating no 

effect and a 4 indicating a strong positive effect.  
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Appendix A 

Coding Variables  
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Appendix B 

SCARF Coding Spreadsheet  

 

 

 

 

 

 

 

 

 

 

 

Note. Image depicts two of the 10 categories scored within the SCARF. Retrieved from Ledford 
et al., (2020). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix C 



97 
 

Figure C1 

SCARF Hypothetical Graphed Scores 

 

 

Note. Retrieved from Ledford et al., (2020). 

 

Figure C2 

SCARF Adequate Quality Scores  

 

Note. Retrieved from Ledford et al., (2020). 

Appendix D 
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List of Inclusion Criteria 

Study Inclusion  

- Published between 1968-2021 
- IMB targeted for reduction as a dependent variable  

o *The term IMB does not need to be used  
- Single subject experimental design implemented  
- Graphic display of results  
- At least one participant meets criteria  

Study Exclusion  

- Only dependent variable was to increase appropriate mealtime behaviour  
- Review studies, book chapters, unpublished theses and dissertations, or studies not 

written in English 

Participant Inclusion  

- Humans  
- Age birth to 21 years old  

Participant Exclusion 

- Functional analysis shows IMB is maintained through positive reinforcement  
- IMB was addressed through a medical treatment 
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BST Training Data Sheet - Article Inclusion 

Trainer: ______________    Trainee: ___________ 

Mastery Criteria: 100% correct across 5 studies  

 

Topic: Title/Abstract Screening OR Full Text Screening  

Rehersal Number: _________ 

Study Correct Response Trainee Response Score 
1.    
2.    
3.    
4.    
5.    
              /5 X 100 = 

 

 

 

Topic: Title/Abstract Screening OR Full Text Screening  

Rehersal Number: _________ 

Study Correct Response Trainee Response Score 
1.    
2.    
3.    
4.    
5.    
              /5 X 100 = 

 

 

 

 

 

 

 

Appendix F 



100 
 

 

Figure F1 

BST and IRR Data Sheet for Coding 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure F2 
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BST and IRR Data Sheet for SCARF 

 

 

 

Note. The SCARF tool will be completed by each reviewer and responses will be compared 
directly on the tool to count agreement and disagreements.  

 

 

 

 

 

 

 

 

 

 

 

Figure F3 
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BST and IRR Data Sheet for Data Extraction (WebPlotDigitizer) 

 

 

Note. The data extracted from WebPlotDigitizer by each reviewer will be compared to count 
agreements and disagreements.  

 

 

 

 


