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Abstract

Some individuals diagnosed with intellectual and developmental disabilities engage in 

automatically reinforced self-injurious behavior (SIB). For these individuals, identifying effective 

treatments may be difficult due to the nature of the reinforcement contingency. The purpose of this 

study was to review the literature on the treatment of automatically reinforced SIB to determine 

commonalities in procedures that produced effective and ineffective treatment outcomes, as well 

as historical trends in the treatment of this class of SIB. Results of this review indicated that there 

were many high-quality studies on this topic, but also a wide range in the quality of studies. As for 

effective treatments, noncontingent reinforcement (the most common treatment component) was 

found to be more effective when informed by a competing stimulus assessment rather than a 

preference assessment. Suggestions to improve the quality of the published record and areas in 

which additional research is needed are discussed.
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Many individuals with intellectual and developmental disabilities (IDD) engage in self-

injurious behavior (SIB; Baghdadli, Pascal, Grisi, & Aussilloux, 2003; Bodfish, Symons, 

Parker, & Lewis, 2000; Soke et al., 2016). The nature of SIB as a severe problem behavior is 
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unique because SIB produces wounds to one’s own person (Tate & Baroff, 1966). In 

addition, specific topographies and forms of SIB are one of the defining features of a 

number of behavioral phenotypes, such as Smith-Magenis, Lesch–Nyhan, and Prader-Willi 

syndromes (Didden, Korzilius, & Curfs, 2007; Elsea & Girirajan, 2008; Hustyi, Hammond, 

Rezvani, & Hall, 2013, Lee, Berkowitz, & Choi, 2002; Nyhan, 1976; Poisson et al., 2015; 

Symons, Butler, Sanders, Feurer, & Thompson, 1999; Thompson & Caruso, 2002). For 

example, in a study by Symons et al. (1999), 81% of their sample of individuals with Prader-

Willi syndrome engaged in a specific form of SIB (skin picking) and often in the same body 

locations.

Functional analysis (FA; Iwata, Dorsey, Slifer, Bauman, & Richman, 1982/1994) research 

indicates that SIB was maintained by automatic reinforcement (henceforth referred to as 

automatically reinforced SIB) in approximately a quarter of cases. For example, Iwata, Pace, 

Dorsey, et al. (1994) found that SIB of individuals hospitalized for treatment was 

automatically reinforced in 25.7% of cases. Similarly, multiple reviews of FAs of SIB in the 

published record have found a similar prevalence of automatically reinforced SIB (Beavers, 

Iwata, and Lerman, 2013; Hanley, Iwata, & McCord, 2003; Kahng, Iwata, & Lewin, 2002b). 

Iwata, Pace, Dorsey, et al. identified two patterns of behavior observed in an FA that were 

indicative of an automatic function. The first of these patterns was SIB occurring more 

frequently in the alone condition of the FA relative to other conditions (i.e., when there are 

no materials, demands, or people present). The second pattern was SIB occurring across all 

conditions of the FA, including the control condition. Both of these response patterns 

indicate that SIB occurs independent of social consequences, suggesting that there is a direct 

relation between SIB and reinforcement that is not mediated by another person (Vaughan & 

Michael, 1982; Vollmer, 1994).

Differences Between Automatically and Socially Reinforced SIB

Applied behavior analytic research suggests some differences in the clinical presentation and 

treatment of automatically and socially reinforced SIB. When the results of an FA indicate a 

socially mediated function, the nature of the reinforcement contingency is also indicated 

(social positive, social negative reinforcement, or both) by increased rates of behavior as 

compared to the control condition. Although the rate of responding in a specific condition 

(e.g., the attention condition) may be affected by subtle aspects of how the reinforcer is 

delivered (e.g., Piazza et al., 1999), the general class of the reinforcer (e.g., social positive 

reinforcement) can be identified. This is not the case when the result of an FA suggests SIB 

is automatically reinforced.

Automatically reinforced SIB has been hypothetically linked to a number of controlling 

variables, including access to positive reinforcement (e.g., sensory stimulation or production 

of opioids) and negative reinforcement (e.g., pain attenuation). However, for a given 

individual, it is unclear whether their automatically reinforced behavior is a function of 

positive or negative reinforcement, or perhaps both. For this reason, the conclusion of 

automatic reinforcement is merely a useful hypothetical construct that sets the stage for 

additional analysis to identify the sources of that reinforcement (Kennedy, 1994). Thus with 
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an automatic function, the class of the reinforcer remains unknown (Iwata, Dorsey, et al., 

1982/1994; Kennedy & Thompson, 2000; Thompson, Symons, Delaney, & England, 1995).

Research suggests that treatment of automatically reinforced SIB may be more difficult than 

socially reinforced SIB because of the uncertainty in specific variables maintaining 

automatically reinforced SIB. Iwata, Pace, Dorsey, et al. (1994) summarized the FA 

outcomes for 152 individuals who engaged in SIB and treatment for 121 of these 

individuals. They reported some differences in the effectiveness of reinforcement-based 

treatments (noncontingent reinforcement and differential reinforcement) for SIB maintained 

by automatic reinforcement and social reinforcement. Both differential reinforcement and 

noncontingent reinforcement treatments were successful in more than 90% of applications 

for socially reinforced SIB, whereas these treatments were effective in approximately 65% 

of applications for automatically reinforced SIB (see Figure 6 in Iwata, Pace, Dorsey, et al., 

1994). These apparent differences in treatment outcomes suggest that automatically 

reinforced SIB may be more resistant to treatment than socially reinforced SIB.

Hagopian, Rooker, and Zarcone (2015) conducted a consecutive case series of 38 clinical 

cases to describe a model for subtyping automatically reinforced SIB based on the pattern of 

responding in the FA. Automatically reinforced SIB was categorized as Subtype 1 if it 

occurred at a higher level in the no-interaction conditions (i.e., alone or ignore) relative to 

the control condition. It was categorized as Subtype 2 if it occurred at a comparable level 

across the no- interaction and control condition. A third subtype (Subtype 3) was 

characterized by the presence of self-restraint. Hagopian et al. (2015) found that Subtype 2 

SIB was highly resistant to the least restrictive treatment (i.e., reinforcement alone) relative 

to socially reinforced SIB; whereas, Subtype 1 SIB was responsive to treatment at similar 

levels to SIB maintained by social reinforcement.

Hagopian, Rooker, Zarcone, Bonner, and Arevalo (2017) conducted a review of published 

research on automatically reinforced SIB to further examine SIB subtypes. They found 

similar differential treatment outcomes based on Subtypes 1 and 2. The findings of 

Hagopian et al. (2015) and Hagopian et al. (2017) in combination with Iwata, Pace, Dorsey, 

et al. (1994) add support to the notion that at least some forms of automatically reinforced 

SIB (Subtype 2) may be more resistant to treatment than socially reinforced SIB.

Differences Between Automatically Reinforced SIB and Other Behavior

Any behavior maintained by automatic reinforcement is reinforced by stimulation produced 

by the response itself. However, it can be argued that the stimulation produced by SIB is 

fundamentally different than that produced by other types of behaviors maintained by 

automatic reinforcement because one of the sensory consequences of SIB should be pain. 

For example, some evidence suggests that individuals with IDD who engage in SIB have 

increased sensitivity to tactile stimulation. Symons, Byiers, Raspa, Bishop, & Bailey (2010) 

examined the facial expressions of individuals undergoing a test of sensory evoked pain 

(light touch, deep pressure, pin prick, warm, and cold stimuli) in 44 adults with IDD. Of 

these individuals, 29 engaged in SIB, and those individuals were more facially expressive 

during these tests, suggesting that individuals with IDD who engage in SIB may be more 
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sensitive to tactile stimulation. Courtemanche, Schroeder, Sheldon, Sherman, and Fowler 

(2012) evaluated the temporal correlation between indices of distress (thought to be 

correlates of painful experience) and SIB for four individuals using a lag sequential analysis. 

For two individuals, the authors found that distress was highly likely subsequent to SIB 

suggesting that distress related to pain may be related to SIB. Thus, SIB may be unique from 

other behaviors maintained by automatic reinforcement because both appetitive (the 

reinforcer) and aversive (painful stimulation) consequences may be present, although 

additional research is needed on this topic.

Current Knowledge of Treatment for Automatically Reinforced SIB

Current knowledge about behavioral treatment of automatically reinforced SIB is informed 

by a number of sources. These include: (a) individual studies in the behavior analytic 

literature (e.g., Tiger, Fisher, & Bouxsein, 2009); (b) review studies describing published 

datasets on the treatment of SIB, but not specifically automatically reinforced SIB (e.g., 

Kahng, Iwata, & Lewin, 2002a); and (c) review studies of the treatment of automatically 

reinforced problem behavior (e.g., pica, stereotypies), but not specifically SIB (e.g., 

LeBlanc, Patel, & Carr, 2000).

Individual studies, which use single-case experimental designs to determine the effects of 

behavioral treatments on the occurrence of SIB for a single or handful of individuals, 

comprise the majority of the research on the behavioral treatments of SIB in general, and 

automatically reinforced SIB in particular (Kahng, Iwata, & Lewin, 2002b). For example, 

Ringdahl, Vollmer, Marcus, and Roane (1997) examined the predictive validity of competing 

stimulus assessments (CSA) for the treatment of automatically reinforced SIB. Procedurally, 

a CSA concurrently measures stimulus interaction or engagement and problem behavior, as 

compared to the control condition where no stimulus is present (Piazza, Fisher, Hanley, 

Hilker, & Derby, 1996). Ringdahl et al. used CSAs to identify items to be included in a 

differential reinforcement of alternative behavior (DRA), a differential reinforcement of 

other behavior (DRO), or a noncontingent reinforcement (NCR) treatment (i.e., 

environmental enrichment). The authors found that the CSA correctly predicted the 

effectiveness of NCR to treat SIB for all three participants.

Individual studies such as that of Ringdahl et al. (1997) provide strong support for effective 

treatments of automatically reinforced SIB; however, individual studies are not without their 

weaknesses. These studies are commonly conducted with only a few individuals and, when 

detailing clinical care, the application of assessment and treatment procedures is 

(appropriately) driven by the needs of the patient. Thus, literature reviews often summarize 

the research in a particular area to highlight commonalities across these studies.

Two relevant literature reviews were conducted by Kahng et al. (2002a) and LeBlanc et al. 

(2000). Kahng et al. reviewed 35 years of published research on the behavioral treatment of 

SIB that was maintained by social and/or automatic reinforcement. The authors detailed the 

effectiveness of several behavioral treatments and reported on the relative effectiveness of 

these treatments over time. Specifically, the authors found that SIB was reduced by a mean 

of 83.7% across all published behavioral treatments. Whereas Kahng et al. focused on the 
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treatment of SIB regardless of function, Leblanc et al. focused specifically on the 

effectiveness of treatments for problem behaviors maintained by automatic reinforcement 

(e.g., pica, SIB, stereotypies) but did not focus exclusively on SIB (i.e., less than 50% of the 

individuals’ data reviewed in that study engaged in SIB). In their analysis, the authors noted 

that CSAs have advanced our understanding of treatment for automatically reinforced 

behavior.

In both of these reviews, the authors did not focus solely on automatically reinforced SIB. 

Kahng et al. (2002a) may not have been able to conduct this analysis because the function of 

SIB was likely unknown for more than half their sample (particularly for articles reviewed 

before 1982). This type of analysis would have been outside the scope of Leblanc et al. 

(2000), but as a result the study did not examine how the unique properties of SIB may have 

differentially affected treatment outcomes for this behavior. Thus, although these articles and 

other review papers on SIB (e.g., Favell, McGimsey, & Schell, 1982; Matson & LuVullo, 

2008) and behaviors maintained by automatic reinforcement (e.g., Lanovaz, & Sladeczek, 

2012) are very informative in demonstrating the effectiveness of behavioral treatments, they 

are less informative about the treatment of automatically reinforced SIB in particular. In 

addition, more than a decade has passed since these reviews were conducted, and additional 

summary of more recent studies has not been conducted, particularly in light of additional 

evidence suggesting the differential effectiveness of treatment for socially maintained SIB 

versus automatic SIB (Hagopian et al., 2017).

Hagopian et al. (2017) provides a review of the literature on the treatment of automatically 

maintained SIB. However, because the focus of the Hagopian et al. study was to subtype FAs 

and determine the effectiveness of treatment across subtypes, the authors excluded from 

their review a large portion of the published literature on the treatment of automatically 

reinforced SIB. This resulted in limited information on the breadth of research on the 

treatment of automatically reinforced SIB. For example, the data of 27 individuals, the 

majority of whose data was published in this century, were excluded from their study (see 

Hagopian et al., supplemental table). Further, the number of excluded datasets suggested that 

there might be issues with the quality of research published on the topic. Thus, the purpose 

of this study was to critically review studies published over the last 34 years on the treatment 

of automatically reinforced SIB. Analyses were performed to identify trends and 

commonalities in procedures that produced effective and ineffective treatment outcomes. In 

addition, we evaluated the methodological quality of the studies, summarized current 

knowledge, and identified directions for future research.

METHOD

Article Search, Inclusion/Exclusion, and Coding of Articles

Studies were identified for inclusion by conducting a comprehensive search of Google 

Scholar, Pubmed, and Web of Science for articles published between 1982–2015 that 

contained the following terms: “self-injur* AND automatic reinforcement”, “SIB AND 

automatic reinforcement”, “self-injur* AND sensory”, “SIB AND sensory”, “self-injur* 

AND nonsocial”, “SIB AND nonsocial”, “self-injur* AND undifferentiated”, “SIB AND 

undifferentiated”, “self-restrain* AND self-injur*”, and “self-restrain* AND SIB.” We used 
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1982 as a search parameter because the purpose of the study was related to a particular 

function of SIB and a conclusive demonstration of the function of SIB was unlikely to be 

published prior to the Iwata, Dorsey, et al. (1994/1982) publication.

In order to try to capture all of the possible treatments attempted for automatically 

reinforced SIB, we applied inclusion criteria that were as broad as possible, while still 

ensuring the behavior being treated was thought to be automatically reinforced SIB. Thus, 

all articles that met the following criteria were included: (a) the article contained original 

research (i.e., not a review of previously published data), (b) the targeted behavior met the 

definition of SIB (i.e., was injurious) and was measured independently from other behaviors 

(i.e., the targeted problem behavior did not contain SIB and another non-self-injurious 

behavior), (c) SIB was reported or suggested by the authors to be maintained by automatic 

reinforcement (or an analogous term, such as sensory stimulation or self-stimulatory), (d) a 

behavioral treatment of SIB was reported, and (e) individualized treatment data were 

depicted in session-by-session format. In addition, all studies with individuals with SIB 

maintained by automatic reinforcement that Hagopian et al. (2017) had identified were 

included, as long as treatment data were available. Data sets were excluded if the authors 

concluded that SIB was maintained by social reinforcement, a behavioral treatment of SIB 

was not conducted, the specific type of behavioral treatment (e.g., NCR) was not indicated, 

or individual data on the behavioral treatment were not presented. We defined a behavioral 

treatment as any treatment that manipulated the external environment in an effort to reduce 

automatically reinforced SIB. Studies targeting hand-mouthing were excluded, as published 

research indicates this behavior may sometimes be injurious but is sometimes considered 

noninjurious (i.e., a stereotypy). For example, Roscoe, Iwata, and Zhou (2013) found that at 

least 20% of individuals in their study had no evidence of injury related to hand-mouthing 

and did not wear equipment or restraint that limited the damage produced by this behavior. 

In addition, a number of published reports directly state this behavior is stereotypic or proto-

SIB rather than SIB (e.g., Rapp & Vollmer, 2005; Richman & Lindauer, 2005). Thus, to 

avoid including behaviors in this review that may be noninjurious, we chose to be 

conservative and exclude any studies on hand mouthing. Among those articles that met our 

inclusion criteria, a demonstration of experimental control in the FA or treatment was not 

required; however, we scored these articles on the degree to which experimental control was 

demonstrated (see below).

After identifying articles for inclusion, a 15-item Research Article Rating Scale (RARS) was 

developed to judge the quality of each article based on distinct relevant features (see 

Supporting Material for a copy of the RARS). The RARS was composed of five subscales: 

(a) the description of the participant, setting, and dependent variables; (b) measurement of 

the dependent variable, and interobserver agreement; (c) the presence of an FA, the length of 

this FA, and the inclusion of test and control conditions in the FA; (d) the degree of baseline 

stability (based on visual analysis), completeness/quality of experimental design, and degree 

of level change between phases; and (e) description of the baseline and treatment conditions, 

as well as experimenter control of the independent variable (during introduction and 

withdrawal). Each of the subscales contained three questions and each question had equal 

weight toward the final RARS score. For each question scorers assigned a value of full credit 

(1 point) for complete information, partial-credit (0.5 points) for limited or incomplete 
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information, or no credit (zero points) for no information being provided. By totaling the 

number of points earned and dividing by the total number of possible points (15 points), 

each article received a score, and each subscale was worth a maximum of 20% of the total 

possible score. To ensure scoring of articles was accurate, the second and third authors were 

trained to score the articles using five quasirandomly selected articles. The raters then coded 

each article and interrater agreement was calculated using exact agreement for each item on 

the datasheet, and the level of agreement was determined for each article. Interrater 

agreement was assessed for 30.6% of articles and the mean exact agreement score across 

these articles was 95% (range 87.5% – 100%).

Descriptive data.

For each participant in a study, data were extracted and retained on the individual’s 

demographic information, response topography, the treatment setting, and treatment type. 

For demographic information, we retained the individual’s gender, age, level of intellectual 

disability, autism spectrum disorder diagnosis, and any identified genetic or medical 

conditions. For SIB topography, similar to Hagopian et al. (2015), we classified each 

specific form with respect to the area of the body to which SIB targeted. That is, SIB 

targeting the body (e.g., leg slapping) was recorded as body-directed, SIB targeting the head 

(e.g., head banging) was recorded as head-directed, SIB targeting the skin (e.g., scratching) 

was recorded as skin-directed, and SIB targeting the mouth or lips (e.g., tongue-biting) was 

recorded as mouth-directed. In one case (Barry from Ringdahl et al., 1997), two different 

response topographies were assessed and scored separately. For treatment settings, we 

identified if interventions were conducted in an outpatient day program, inpatient hospital, 

school, vocational setting, residential setting, or community setting; or as unknown, if the 

location could not be identified. For treatment types, we categorized them with respect to the 

components embedded within the intervention as follows: type of differential and/or 

noncontingent reinforcement (e.g., DRA, DRO, NCR), antecedent manipulations (e.g., the 

use of wrist weights as a means to increase the response effort associated with SIB), 

protective equipment (e.g., a helmet), blocking (e.g., a therapist using any part of their own 

body to physically block or interfere with the occurrence of SIB), punishment (e.g., 

contingent hands down for 30 s), mechanical restraint (e.g., devices used to limit the 

movement of extremities or prevent the occurrence of SIB, such as arm splints), and finally, 

multiple components if reinforcement and two of the components listed previously were 

present. Throughout, the term “additional component” refers only to the nonreinforcement-

based procedures described above. Individual treatments were distinguished from each other 

by changes in fundamental components of treatment (e.g., changing from noncontingent to 

contingent reinforcement) or the addition of new treatment components (e.g., adding 

blocking to reinforcement). For example, if a single participant experienced a reinforcement 

treatment in an ABAB design, this would count as one implementation of reinforcement 

treatment; whereas if both reinforcement and reinforcement with an additional component 

(e.g., punishment) were experienced (e.g., ABACAC), two treatment implementations would 

have been included in the analysis.

For all treatments utilizing reinforcement, the specific type of reinforcement (e.g., NCR, 

DRO, DRA) was identified. For NCR (because this was the most common treatment), we 
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also identified how items were identified for inclusion in treatment. Specifically, we 

identified if a preference assessment (Fisher et al., 1992; Pace, Ivancic, Edwards, Iwata, & 

Page 1985) or a CSA (Piazza et al., 1996) was used to identify the item(s) included during 

NCR. The primary difference between these procedures was the collection of data on the 

occurrence of SIB during periods in which a stimulus was present. Similarly, all additional 

procedures were reviewed in detail to determine the types of additional components used.

Treatment effectiveness data.

For all data sets included in the analysis, data point values were extracted using GetData 

Graph Digitizer (version 2.26; www.getdata-graph-digitizer.com). This computer software 

allows digital conversion of graphed data points into actual values. This program has been 

used in prior behavior-analytic (Bowman-Perrot, Burke, Zaini, Zhang, & Vannest, 2015; 

Hagopian et al., 2017; Levy et al., 2017) and medical research (Ma et al., 2015; Prieto, 

Vazquez, & Murado, 2014; Zhou et al., 2015).

To extract published data point values, the portable document format of the published graph 

was converted to a picture file and uploaded to the GetData program. The axes parameters 

were provided to the program based on the graph and the value of individual data points was 

determined by selecting them using a point and click method with the mouse. Once these 

data were obtained, we examined the procedures of each individual study to identify both 

the session duration and measurement type. For frequency and percentage of interval data 

collection, we rounded the GetData obtained value to the closet possible value given the 

session duration and method of data collection. For example, if the session duration was 10 

min and data were presented as responses per minute (RPM), an obtained GetData value was 

rounded to the nearest 10th decimal place (e.g., 2.31 RPM was rounded to 2.3 RPM). If the 

authors did not specify the length of the session or the interval size, the unaltered GetData 

value was used.

After we extracted the data values for each graph using GetData, we calculated the mean 

occurrence (rate, percentage of intervals, or percentage of session) of SIB in baseline and 

treatment conditions using the last five data points in each of these conditions. For cases in 

which a given condition contained fewer than five data points, all data points in that phase 

were used. We then calculated the percent reduction in SIB during the final implementation 

of a given treatment condition compared to the initial baseline condition to determine the 

effectiveness of the intervention (mean baseline occurrence of SIB minus mean treatment 

occurrence of SIB divided by mean baseline occurrence of SIB multiplied by 100). Effective 

treatments were defined as those that produced at least an 80% reduction of target 

responding.

RESULTS

Results of the review identified 49 published research articles that met the inclusions 

criteria, detailing the treatment of 69 individuals (1.4 individuals on average per study). 

Table 1 shows the demographic information for these individuals. Slightly more than half of 

the individuals were younger than 18 years of age. A diagnosis of autism was reported for 

approximately one third of individuals. The majority of individuals had either profound or 
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severe intellectual disability (62.3%). Additional genetic or medical conditions were 

reported for 39.1% of individuals, with the presence of some genetic or natal syndrome (n = 

14) and sensory deficits (n = 8) being the most common conditions. Across the 69 

individuals, 90 categories of SIB were reported (1.3 categories on average per individual), 

with individuals most commonly engaging in head-directed (68.1%) and/or skin-directed 

SIB (44.9%).

Quality Analysis of the Published Record

The quality of each article was assessed to demonstrate the relative strength (or lack thereof) 

of literature in this area, and to identify aspects of the published record that could be 

improved. The quality of each article was determined using the RARS (see Supporting 

Information), and the mean overall article score for all papers reviewed was 86.2% (range 

53% to 100%). Table 2 shows the results across all RARS subscales.

In general, scores were lowest for the description of and presence of experimental control in 

the FA. Figure 1 provides additional detail on these data. The top panel shows the percentage 

of points obtained in each subscale and total percentage of points for each article. These data 

suggest that articles lost the most percentage points for the FA and for experimental control 

during treatment. Additionally, the majority of the articles scored were of a high quality 

(scored >80%); however, 11 articles (22.4% of the sample) scored less than 80%. In the 

bottom panel, the percentage of available points scored for each RARS question across all 

articles is shown. For example, all 49 articles provided complete information on first RARS 

question. These data indicated that in the minority of studies, which were not scored as high 

quality, the missing information in these articles tended to be related to the similar aspects. 

This included an incomplete description of the setting, IOA reported at less than the 

conventional standard or not at all, not conducting and presenting FA data, and a failure to 

produce a change in level (which is required to demonstrate experimental control).

Because experimental control was directly related to the purpose of the study (i.e., 

examining the effectiveness of treatment), additional analyses were conducted on articles 

relating to three aspects of the experimental control subscale. Specifically, we compared 

results of studies: (a) determined to have scored perfectly (20%) or not (< 20%) in this 

subsection; (b) determined to have a complete (e.g., ABAB), partial (e.g., ABA or BAB), or 

incomplete (e.g., AB) experimental design; and (c) determined to have produced a strong 

(i.e., ~ 80%) reduction based on visual analysis, rates were similar across baselines, and less 

than 25% of data points in baseline and treatment were overlapping), moderate (i.e., ~50% – 

80% reduction based on visual analysis, or baseline rates were not recaptured in second 

baseline, or 25% – 50% of data points were overlapping) and weak (i.e., < ~50% reduction 

based on visual analysis) level change.

When comparing studies that scored perfectly (32) on the experimental control subsection to 

those that didn’t (17), we noted no difference in the distributions of treatment types 

employed. In addition, although the mean percent reduction (82.7%) across treatments was 

greater for those articles having a perfect score in comparison to those scoring less than 20% 

(55.2%), approximately 60% of treatments in articles scoring less than 20% were effective 

(producing an 80% reduction in SIB from baseline) and there was no significant difference 
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in the percent reduction as determined by a Mann–Whitney test of statistical significance (p 
= .44; U = 1730). Thus, there appeared to be no relation between overall score on the 

experimental control subscale for an article and treatment effectiveness.

When comparing studies that used a complete (40), partial (3), or incomplete (6) design, 

similar to the prior results, there was no difference in the distribution of treatment types in 

these articles. The mean percent reduction across treatments was greatest in those studies 

scored as having a partial design (80.3%), followed by those scored as having an incomplete 

design (78.1%), and by those scored as having a complete design (66.3%) although all were 

relatively similar. Across these design groups, a similar proportion of treatments produced 

an 80% reduction in SIB from baseline (range 66.3% – 77.8%). There was no significant 

difference between groups when compared using a Kruskal-Wallis test of statistical 

significance (p = .06, H = 5.6). Thus, there appeared to be no relation between overall design 

and treatment effectiveness.

When comparing articles scored as having a strong (37), moderate (8), or weak (4) level 

change, we noted no difference in the distributions of treatment types employed in these 

studies. Mean percent reduction was greatest for those treatments from articles scored as 

having a strong level change (82.8%), followed by articles scored as having moderate level 

change (78.4%) and finally, articles scored as having a weak level change (−9.5%). 

Additionally, a difference was found across groups comparing treatment percent reduction 

using a Kruskal-Wallis test of statistical significance (p < 0.0001. H = 21.12). Specifically, 

differences were found between the percent reduction of treatments in the strong and weak 

level change groups and the strong and moderate level change groups. This finding was 

expected, as level change is directly related to treatment effectiveness. That is, a weak 

change in level is the definition of ineffective treatment.

In addition to these analyses, comparisons were conducted based on treatment types 

(described below) relating to the experimental control subscale when sufficient numbers for 

comparison were available; however, none of these comparisons produced differences 

suggesting that treatment outcomes differed based on score or experimental design. Based 

on this information, all of the treatment data we identified were retained for continued 

analysis. This was because: (a) a high proportion of treatments were effective despite 

coming from studies that scored less than 20% on the experimental control subscale or had a 

partial or incomplete design and (b) when a difference was obtained based on a quality 

measure of experimental design, it was related to the lack of a treatment effect and 

identifying when treatments were ineffective was part of the purpose of the study.

Types and outcomes of treatments of automatically reinforced SIB.

For the 69 participants, 71 designs were used to evaluate 123 attempted treatments (1.8 

treatments per individual on average). For one individual, a different experimental design 

was used to evaluate two different behaviors and for another individual two independent 

designs were used to assess treatment for one behavior. Across studies, a complete (e.g., 

ABAB) or partial reversal (e.g., ABA) was used to evaluate treatment in 55% of cases, a 

multielement or multiple baseline was used in 24% of cases, a combined design (e.g., 

reversal plus multielement) was used in 12% of cases, and a single baseline and exposure 
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(i.e., AB) was used in 8% of these cases. In addition, for 62 of the 69 participants (90%), 

authors provided information on the setting in which treatments were assessed. Assessments 

and treatments were conducted in outpatient clinics for 20 individuals, inpatient programs 

for 19 individuals, schools for 14 individuals, residential care facilities for 7 individuals, in 

the community for 1 individual, and in a vocational setting for 1 individual.

Table 3 shows the number of times each type of treatment was attempted. The first column 

provides information on the number of reinforcement procedures used alone. The following 

columns show the number of times each additional procedure was used. The first row 

provides information on the number of times procedures were used without reinforcement. 

The following rows provide information on the type and number of reinforcement 

procedures used. Of the treatments evaluated, 57 (46.3%) used reinforcement alone (i.e., 

with no other component), 52 (42.3%) used reinforcement plus some other component, and 

14 (11.4%) did not include a reinforcement component. Of the reinforcement treatment 

components evaluated, NCR was evaluated 75 times (either alone or in combination with an 

additional procedure), differential reinforcement procedures were evaluated 27 times (alone 

or in combination with an additional procedure), and combined reinforcement treatments 

(e.g., DRA with DRO) were evaluated 7 times. In addition, punishment was the most 

commonly added procedure, and in fact, was used without reinforcement on six occasions. 

Given the difficulty in treating automatically reinforced SIB, it is not surprising that 

additional procedures had to be combined with reinforcement. However, it was somewhat 

surprising that in 14 applications a treatment with no reinforcement component at all was 

attempted.

Table 4 shows how often these treatments were successful (producing an 80% reduction in 

SIB from baseline) as well as the average percent reduction (in parentheses). Similar to 

Table 3, Table 4 shows reinforcement-based treatments with no additional components 

(reinforcement alone) in the first column, reinforcement with additional treatment 

components in subsequent columns, and treatments without reinforcement across the first 

row, and the type of reinforcement procedure in subsequent rows. For the 69 individuals, 

85.5% had at least one successful treatment (defined as reducing target behavior by at least 

80% compared to a baseline). Of the 123 treatments, 85 effective treatments were identified 

(69.1%) and the mean percent reduction was 69.3%. Considering each reinforcement 

procedure, including with and without additional components, NCR treatments were the 

most commonly used and effective (74.7% applications were successful and a mean percent 

reduction of 80.2% was found). DRA and DRO by themselves were not found to be 

effective, but in combination an 89% reduction was achieved. Interestingly, DRA and DRO 

were combined with fewer additional procedures, but when they were, these treatments were 

mostly successful.

Across the 57 reinforcement-alone treatments, 36 effective treatments were identified 

(63.2%), and the mean percent reduction was 52.5%. For each type of reinforcement 

treatment: NCR was effective in 28 applications, and the mean percent reduction was 74.2%; 

DRO was effective in 3 applications, and the mean percent reduction was −35% (that is, 

target behavior actually increased on average, as a result of the other seven failed attempts); 

DRA combined with DRO was effective in 2 applications, and the mean percent reduction 

Rooker et al. Page 11

J Appl Behav Anal. Author manuscript; available in PMC 2021 March 22.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



was 89%; DRA combined with NCR was effective in 2 applications, and the mean percent 

reduction was 81.4%; DRA combined with DRO and NCR was effective in 1 application, 

and the mean percent reduction was 100%; and DRA was never effective (0%), the mean 

percent reduction was −4.4%.

Across the 52 treatments that used reinforcement with an additional component, 41 effective 

treatments were identified (78.9%), and the mean percent reduction was 87.8%. When 

comparing all of the additional components that were combined with reinforcement, 

punishment was the most frequently used additional component, with 19 of 24 applications 

(79.2%) effective, and a mean percent reduction of 88.8%. Additional components that 

appeared to be effective were the use of restraints (98.6% mean percent reduction), 

protective equipment (97.8% mean percent reduction); antecedents (88.9% mean percent 

reduction), blocking (80.1% mean percent reduction), and multiple components (86.4% 

mean percent reduction).

For the reinforcement components used with these additional procedures: the use of NCR 

was effective in 28 of 38 applications (73.7%), with a mean percent reduction of 86.2%; 

DRO was effective in 8 of 8 applications (100%), with a mean percent reduction of 95.8%, 

and DRA was effective in 5 of 6 applications (83.3%), with a mean percent reduction of 

87.6%. Of the 14 treatments without reinforcement: punishment was effective in four 

applications (66.7%) with a mean percent reduction of 68.9%; the use of an antecedent 

component other than NCR was effective in three applications (75%), with a mean percent 

reduction of 82.5%; protective equipment was effective in a single application (33.3%), with 

a mean percent reduction of 75.2%; and blocking did not quite meet the criteria for 

effectiveness during the single application it was attempted; there was a 73% percent 

reduction.

Regarding treatment effectiveness, results of the current analysis indicate that a successful 

treatment of automatically reinforced SIB was developed for most individuals (59 out of 69). 

Of the 123 treatments of automatically reinforced SIB evaluated, 69.1% of treatments 

attempted reduced SIB by 80% from baseline (a very similar finding to Iwata, Pace, Dorsey, 

et al., 1994), and the mean percent reduction across all treatments was 69.3%; however, 

diverse outcomes were observed across specific treatments. For example, given an equal 

number of applications, DRA alone never produced an 80% reduction in SIB, with a mean 

percent reduction of −4.4%; whereas, NCR with protective equipment produced an 80% 

reduction in SIB in 100% of applications with a mean percent reduction of 97.8%. These 

results should be tempered by the potential for publication bias, which has been noted with 

some behavior analytic procedures (Sham & Smith, 2014). However, the behavior analytic 

research also suggests that some behavioral treatments (e.g., NCR) may have similar 

effectiveness in the published record and when used clinically (Phillips, Iannaccone, Rooker, 

& Hagopian, 2017).

Historical trends in the treatment of automatically reinforced SIB.

Figure 2 shows the number of procedures attempted and successful when reinforcement 

alone was implemented (top panel), reinforcement plus other components (middle panel), 

and treatments without reinforcement (bottom panel) presented cumulatively across the 34-
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year period analyzed in this study. A dramatic increase in the number of reinforcement and 

reinforcement plus other components was observed starting in 1996 and continuing to 2009, 

after which, reinforcement alone treatments were much more likely to be published than 

reinforcement plus other component treatments. Comparing the past decade (2006 – 2015) 

and the decade before (1996 – 2005), both reinforcement alone and reinforcement with other 

components have become more effective over time. For reinforcement alone, treatment was 

effective in 15 of 25 applications (60%) during the 1996 – 2005 decade; whereas, this 

treatment was effective in 15 of 21 applications (71.4%) during the next decade. For 

reinforcement with additional components, treatment was effective in 24 of 31 applications 

(77.4%) during the 1996 – 2005 period; whereas, these treatments were effective in 5 of 6 

applications (83.3%) during 2006 – 2015 period. Similar analysis was not conducted for 

treatments without reinforcement, because so few applications were conducted during the 

same period.

Figure 3 shows the data from table 2 across the 34-year period in 5-year bins. Between 1996 

and 2005, a large increase in the number of treatments using punishment and antecedent 

(other than NCR) components was observed. The most common form of punishment was 

response cost (33.3%), followed closely by a hands-down procedure (21.2%) and 

overcorrection (12.1%). No other punishment procedure was conducted more than twice. 

Since 2005, there has been a slight increase in the use of less restrictive components 

(antecedents, blocking, and equipment) and a large decrease in the use of more restrictive 

procedures (punishment, restraint, and multiple components). Comparing data from the past 

decade (2006 – 2015) and the decade before (1996 – 2005) indicates a substantial decrease 

in the use of punishment. In the past decade (2006 – 2015), of the 15 articles reviewed only 

one application of punishment was attempted (proportion of studies = 0.07); in the decade 

before, of the 23 articles reviewed 16 applications of punishment were attempted (proportion 

of studies = 0.7). This translates to a 90% reduction in the use of punishment across the two 

decades.

Because NCR was commonly evaluated (making up more than half of the sample), 

additional analyses regarding this treatment were conducted. As previously mentioned, each 

NCR article was coded on the procedure used (e.g., CSA) to determine the item included in 

NCR. Across all 75 NCR treatments, we could not determine how an item came to be 

included in NCR in 10 implementations. For the remaining 65 implementations, the item 

was selected based on CSAs in 33 implementations (44% of NCR treatments), based on a 

preference assessment in 25 implementations (33.3% of NCR treatments), and based on 

anecdotal observation or report in 7 implementations (9.3% of NCR treatments).

Figure 4 shows the historical use of preference and competition procedures to identify the 

item included in NCR-alone (top panel) and in NCR plus additional components (bottom 

panel) over 5-year periods since 1990. Neither preference nor competition procedures were 

identified as being used for NCR prior to 1990. For NCR-alone treatments, trends indicate 

that preference assessments and CSAs were used approximately the same amount for the 

first decade (1990 – 2000). However, since 2000, CSAs were much more likely when used 

for NCR-alone (top panel). The use of CSAs for NCR with an additional component also 

increased, but only slightly between 2010 and 2015 (bottom panel).

Rooker et al. Page 13

J Appl Behav Anal. Author manuscript; available in PMC 2021 March 22.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 5 shows the number and effectiveness of NCR-alone and NCR plus other components 

treatments based on the type of procedure used to select the item included in NCR. NCR 

alone was attempted 10 times based on a preference assessment, and was effective 6 times 

(60%); whereas, this treatment was attempted 24 times based on a CSA procedure, and was 

effective 19 times (79.2%). NCR with an additional component was attempted 15 times 

based on a preference assessment, and was effective 11 times (73.3%); whereas, this 

treatment was attempted 9 times based on a CSA procedure and was effective 7 times 

(77.8%). Across all NCR treatments, when a preassessment was used to identify the item(s) 

included in NCR, this treatment was attempted 25 times based on preference, and effective 

17 times (68%); whereas, this treatment was attempted 33 times based on competition and 

found to be effective 26 times (78.8%).

DISCUSSION

Hagopian et al. (2017) reviewed the treatment of automatically reinforced SIB for 20 

individuals with 38 treatments, with the focus on determining how subtypes of automatically 

reinforced SIB responded to similar treatments. Expanding the inclusion and exclusion 

criteria from the Hagopian et al. study, we identified an additional 49 individuals who 

engaged in automatically reinforced SIB and an additional 85 treatments for this behavior.

Results of our analysis indicated that the majority of articles published on automatically 

reinforced SIB were of a high quality. Several studies identified as “low quality” (e.g., 

having a poor design) did in fact report highly successful treatment outcomes (e.g., Stokes & 

Luiselli, 2008). Thus, we felt this justified the inclusion of these studies. Using our scoring 

procedure, approximately 73% of articles scored above an 80% regarding the quality of their 

description, as well as their design. However, when analyzing these scores, the lowest 

proportion was awarded for the FA description and data, as well as the treatment data 

subscales.

Eighty-eight percent of articles reported conducting an FA. Of those articles that conducted 

an FA, the description of the FA was detailed enough to determine an appropriate test (e.g., 

alone) and control (e.g., play) condition. However, far fewer details were provided regarding 

the length of FAs (i.e., the number of series of the FA conducted to determine an automatic 

function). Indeed, across all 49 studies, the majority of studies did not provide evidence that 

an FA of sufficient length (three series) was used to determine behavior maintained by 

automatic reinforcement; six studies did not conduct an FA, three studies provided evidence 

that less than three series had been conducted (based on an FA graph), and 22 studies 

provided no detail (did not have an FA graph). Given that it may have taken several years for 

FA methodology to become disseminated to the research and clinical communities, it is not 

surprising that some researchers may not have conducted an FA. However, the practice in 

publication of simply reporting that an FA was conducted and that behavior was determined 

to be automatic (rather than presenting description and data depiction of the FA to the 

reader) has reduced the quality of literature when comparing FA results to treatment results, 

particularly for automatically reinforced SIB (Hagopian et al., 2017). These results suggest 

that it may be unclear at present the types of data that would be relevant for future 

retrospective or meta-analysis, thus it would be in the best interest of the community to 
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provide more detailed information in publication when procedures are conducted, rather than 

referring to a common procedure and a brief statement of its outcomes.

For treatment data, only the minority of studies used a design that would not allow for a 

demonstration of experimental control. Much more commonly, a failure in level change was 

observed while using an appropriate single subject design, thus not allowing for the 

demonstration of experimental control. This finding should be tempered by the known 

resistance of automatically reinforced SIB to treatment (e.g., Berg et al., 2016; Hagopian et 

al., 2017). However, given the heterogeneity of treatments attempted (21 treatment types 

reported in this study), additional efforts should be made to use strong experimental designs 

in future studies.

Although the number of applications varied across different treatment types, a number of 

findings are relevant for the clinical care of individuals who engage in automatically 

reinforced SIB. With the exception of DRA with DRO and NCR, which was attempted only 

once, NCR was the most effective reinforcement-alone treatment. When NCR was combined 

with an additional component, the effectiveness of this intervention improved for five out of 

six of these components. Although NCR was the most effective reinforcement-alone 

treatment, both DRA and DRO were more significantly improved than NCR when other 

components were added. In fact, DRA and DRO with additional components were both 

more effective than NCR alone, and when all three reinforcement procedures included 

additional components, the mean percent reduction was greater than 80% for all treatments. 

Although this finding is likely related to a ceiling effect (i.e., NCR alone was already mostly 

effective, so there was little room for improvement), these results suggest that similar 

effectiveness may be obtained across reinforcement procedures when additional components 

are included, and that particular components may complement each other in treatment 

packages.

These results also suggested some differences in the effectiveness of components used to 

treat automatically reinforced SIB. As might be expected, the most restrictive treatment 

(restraint) was highly effective regardless of the type of reinforcement treatment used. 

Unexpectedly, punishment (another component usually considered very restrictive) when 

added to reinforcement alone was not as effective as one of the less restrictive components 

(antecedent intervention), and was equally effective to another of the less restrictive 

components (blocking). Research on the use of an antecedent intervention (other than NCR) 

in the treatment of automatically reinforced SIB may be a good area for future investigation. 

These interventions are less intrusive but appear highly effective; however, evaluations of 

antecedent components other than NCR are rare in the literature.

Our analysis of the types of assessments used to identify items for NCR and the subsequent 

effectiveness of NCR is similar to findings by Groskreutz, Groskreutz, and Higbee (2011). 

In this study, the authors prospectively examined the effectiveness of NCR as a treatment for 

one individual’s vocal stereotypy using items derived from either a preference assessment or 

CSA. The authors found that using the items identified from the CSA produced a more 

effective treatment. Although our study analyzed the effectiveness of NCR across 

individuals based on how items were identified in a retrospective manner, and Groskreutz et 
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al. examined stereotypy in a prospective manner, the results are similar and suggest that 

CSAs should be used to identify items to use in NCR treatments. Interestingly, data from 

Figure 4 suggests that clinicians and researchers who published studies on the use of NCR 

for automatically reinforced SIB have already adopted the use of CSAs as the preferred 

means to identify items for NCR.

The method and results of the current analysis were most comparable to the method and 

finding in Kahng et al. (2002a), who reviewed published articles on behavioral treatments of 

SIB (maintained by any function) over a 35-year period. Our study overlapped with Kahng 

et al. (2002a) in that both included studies with automatically reinforced SIB between 1982–

2000. Similar to the Kahng et al. study, we found the use of punishment had decreased over 

time (90% reduction in the past decade). In the place of punishment, we found that 

reinforcement alone had become more effective in the past decade (an 11% increase in 

effectiveness over the decade prior) and that there was a minor increase in the use of less 

restrictive additional components. The improvement of treatments using reinforcement alone 

may be related to the increased use of competition procedures to identify items for NCR 

over the same time period. However, in comparison to Kahng et al., across the entire 34-year 

period, we found that reinforcement was, on the whole, less effective. Kahng et al. found 

that the use of reinforcement alone produced a mean percent reduction in SIB of 73.2% 

across all years included their study. In the current study, reinforcement alone was less 

effective, producing only a 52.5% mean percent reduction in SIB. It is unlikely that 

reinforcement procedures have become less effective since the publication of Kahng et al., 

thus the difference is likely related to the fact that we only included automatically reinforced 

SIB in the review.

There are several potential reasons why SIB may be more resistant to reinforcement alone as 

a treatment in our review. First, evidence from the current study suggests that consequence-

based reinforcement interventions (i.e., DRA and DRO) are much less effective for 

automatically reinforced SIB (effective in only 5 of 16 consequence-only-based 

interventions) than NCR (effective in 28 of 37 antecedent-only-based interventions). It may 

be that for consequence-based interventions to be effective, the individual must either 

engage in other behavior and/or refrain from engaging in SIB to obtain reinforcement. Thus, 

individuals who engage in a high rate of automatically reinforced SIB may never contact the 

consequence-based reinforcement contingency, due to response competition, decreasing the 

effectiveness of these interventions. Second, as discussed above, using an item from a 

preference assessment in NCR may make NCR more likely to fail in the treatment of 

automatically reinforced SIB, thus it is possible that our sample had more preference 

assessments than Kahng et al. (2002b). However, Kahng et al. likely had a similar 

distribution of preference assessments and CSAs (if not more preference assessments) used 

to identify items for NCR as the current study (given the time period in which the studies 

Kahng et al. reviewed were conducted) and still found reinforcement more effective. In 

addition, in our study, there were seven cases where a CSA was conducted and NCR was 

still found to be ineffective. Finally, there is evidence that some forms of automatically 

reinforced SIB are more resistant to treatment. For example, Hagopian et al. (2015) and 

Hagopian et al. (2017) demonstrated that subtypes of automatically reinforced SIB may 

respond differently to reinforcement alone as a treatment. Furthermore, a subset of the 
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individuals in the current study was demonstrated to have subtype 2 SIB (see Hagopian et 

al., 2017). Unfortunately, in the current study, the majority of individuals could not be 

subtyped due to the lack of published FAs. However, it is likely that on average 

reinforcement alone was less effective in the current study because overall treatment 

effectiveness was reduced by the presence of subtypes of automatically reinforced SIB 

associated with treatment resistance.

Several weaknesses in this study should be noted. First, because this was a retrospective 

study of published research, the data are limited. For example, it is highly likely that the 

degree to which the individual interacts with items in NCR determines its effectiveness 

(through response competition); however, these data could not be obtained from the studies 

we reviewed. Second, the inclusion criteria were intentionally broad, and studies were 

included without a conclusive demonstration that SIB was maintained by automatic 

reinforcement (aside from the authors’ statement). Although this may introduce some doubt 

into the current findings, in the majority of cases the authors either presented an FA or noted 

that an FA was conducted. Third, although we evaluated the completeness of articles, the 

degree to which procedures were implemented in exactly the same way across studies was 

impossible to determine, as these publications often did not present integrity data. Despite 

this, in most cases, coders reported they could replicate the basic components of the 

treatment (e.g., how often reinforcement was programmed). Fourth, there was no uniform 

progression of treatments across studies. Thus, the degree to which a given treatment may or 

may not have been effective for an individual is unknowable and limits the type of analyses 

that can be conducted. Finally, not all treatments were implemented as part of clinical care. 

That is, some studies were not focused necessarily on the most effective treatment for 

automatically reinforced SIB through an application of the least to most intrusive treatments. 

Thus, more intrusive treatments may have been attempted with individuals who could have 

been successfully treated with less intrusive treatments (e.g., Lerman, Iwata, Shore, & 

DeLeon, 1997). Alternatively, unpublished clinical treatments may have been attempted 

prior to the published data we evaluated. In which case, information on the effectiveness or 

ineffectiveness of treatments may exist and have informed the experimenters prior to their 

study. Both of these possibilities may artificially inflate or deflate the degree to which 

additional treatment components were required to successfully treat automatically reinforced 

SIB.

Kahng et al. (2002a) indicated a decrease in the use of punishment in the treatment of SIB in 

published studies across time, suggesting that reinforcement alone as a treatment had 

become more effective for SIB. Results of the current study demonstrated this was true for 

automatically reinforced SIB, but to a lesser extent. Thus, future research should examine 

means to make reinforcement alone a more effective treatment for automatically reinforced 

SIB, and particularly for treatment-resistant automatically reinforced SIB (e.g., subtype 2). 

For the subset of individuals who engage in this treatment-resistant SIB, research on making 

alternative activities more attractive, training leisure skills, and making NCR more durable 

for extended use is needed. In addition, research might examine how additional components 

influence item interaction in assessment and treatment. Similarly, research is needed on the 

least intrusive and most effective forms of additional components to complement 

reinforcement treatments (e.g., response effort manipulations). Finally, further research is 
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needed to examine individual, behavioral, and procedural reasons why reinforcement alone 

fails as a treatment. The current analysis identified NCR based on preference as one reason 

NCR might be ineffective; however, in the current study, this is only a subset of the 

ineffective reinforcement-alone treatments.

For the clinical treatment of automatically reinforced SIB, this review provides several 

distinct recommendations. Importantly, NCR is the most thoroughly studied treatment 

option and when using a reinforcement procedure alone, NCR has been used successfully 

most often. Further, the effectiveness of NCR can be improved by using items in the 

treatment that are determined to compete with SIB in a pretreatment assessment (i.e., CSA). 

However, NCR alone cannot be relied on to be effective in every case of automatically 

reinforced SIB. Thus, in some cases additional treatment components will be necessary. 

When this is the case, punishment has been used most often. However, our results suggest 

that a number of less intrusive procedures (e.g., antecedents other than NCR, blocking, and 

protective equipment) have been equally effective and may in fact produce a greater percent 

reduction in automatically reinforced SIB. Thus, the prudent course when faced with 

automatically reinforced SIB would be to first use empirical means to determine competing 

stimuli, evaluate those stimuli through NCR, and then add additional, less restrictive 

components, relying on punishment and restraint for only the most treatment-resistant cases.
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Figure 1. 
Results of the Research Article Rating Scale (RARS) analysis.. The top panel shows the 

percentage of points obtained in each subscale and total percentage of pointsfor each article. 

The bottom panel shows the percentage of available points obtained across all articles for 

each question on the RARS. See the RARS for the specific questions in each subscale.
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Figure 2. 
Cumulative use and effectiveness of reinforcement (top panel), reinforcement plus additional 

components (middle panel), and no reinforcement (bottom panel) treatments since 1982.
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Figure 3. 
Cumulative use of nonreinforcement components since 1982 based on the studies used for 

this review.
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Figure 4. 
Cumulative competition and preference procedures used to identify items included in NCR-

alone (top panel) and NCR with additonal components (bottom panel) treatments.
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Figure 5. 
Frequency of attempted and successful NCR treatments using preference and competition 

procedures.
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Table 1

Participant Characteristics (n = 69)

Participant Variable Number of Participants Percent of Participants

Age

 Children (3 to 12 years) 30 43.5

 Adolescents (13 to 18 years) 10 14.5

 Adults (>18 years) 29 42.0

Autism

 Yes 21 30.4

 No/not reported 48 69.6

Level of Intellectual

 Disability (n = 69)

 None 2 2.9

 Mild/Borderline 1 1.4

 Moderate 7 10.1

 Severe 11 15.9

 Profound 32 46.4

 Unspecified 8 11.6

Intellectual Disability not reported 8 11.6

Genetic/Medical Conditions (n = 27)

 Sensory deficit 8 11.6

 Cerebral palsy 5 7.2

 Down syndrome 3 4.3

 Other genetic or natal syndromes 6 8.7

 Disorders 5 7.2

 Hydro/microcephalus 3 4.3

Response Category

 Head-directed 47 68.1

 Body-directed 9 13.0

 Skin-directed 31 44.9

 Mouth -directed 3 4.3
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