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Major Department:  Psychology 

Differential reinforcement procedures are frequently used as a treatment for 

problem behavior. Two common differential reinforcement procedures involve providing 

reinforcers following a period of time in which no instances of undesired behavior occur 

(known as differential reinforcement of other behavior, or DRO) or providing reinforcers 

following an appropriate alternative behavior but not following undesired behavior 

(known as differential reinforcement of alternative behavior, or DRA). Although 

differential reinforcement procedures are relatively straightforward, they may not be 

consistently implemented as designed, particularly by caregivers with little training. The 

degree of appropriate treatment implementation is often called “treatment integrity.”  The 

following experiments evaluate the effects of treatment integrity failures on DRO and 

DRA treatments. Because of the potential danger associated with providing at-risk 

participants with relatively low-quality, long-term care, the first seven experiments were 

conducted with non-clinical populations on an analog task. Experiments I and II 



xi 

examined the effects of signaled and unsignaled failures to appropriately deliver a 

reinforcer (errors of omission) and of incorrect reinforcer deliveries (errors of 

commission) on a DRO treatment. In both studies, errors of commission were more 

detrimental to the treatment than were errors of omission. Experiments III and IV 

examined means of attenuating the detrimental effects of errors of commission. 

Experiments V through VIII examined the effects of treatment integrity failures on DRA 

treatments. Experiment V evaluated different levels and types of integrity failures on a 

DRA treatment and found that errors were most detrimental when some mixture of errors 

of omission and commission was in place. Experiments VI and VII evaluated sequence 

effects during integrity failures phases, using brief (Experiment VI) or extended 

(Experiment VII) exposures. Experiment VIII attempted to replicate the findings of 

Experiments VI and VII in a school setting with a student who was referred for the 

assessment and treatment of aggression. The results of Experiments VI through VIII 

demonstrated that condition sequence influences responding during integrity failures: 

failures were generally more detrimental when they followed baseline than when they 

followed full treatment phases. Implications of the results for research and clinical 

practice are discussed.  
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CHAPTER 1 
INTRODUCTION 

Overview 

Appropriate and effective implementation of behavior-reduction procedures by 

caregivers is often a goal of behavioral treatment. Despite clinicians’ efforts to train 

caregivers to exacting standards, caregiver implementation of treatments may either 

begin relatively low (Wickstrom, Jones, LaFleur, & Witt, 1998) or decrease over time 

(Greene, Norman, Searle, Daniels, & Lubeck, 1995; Witt, Noell, LaFleur, & Mortenson, 

1997). For example, Wickstrom et al. observed teachers implementing several different 

kinds of behavioral interventions, and showed that the teachers delivered the programmed 

consequence for target behavior an average of 4% of the time. 

The degree to which a treatment is implemented as designed has been called 

treatment integrity (Peterson, Homer, & Wonderlich, 1982; Gresham, 1989), treatment 

fidelity, or procedural reliability (Gresham, 2005). Treatment integrity is important for 

research purposes because causal relationships between treatment implementation and 

changes in problem behavior are not conclusive when treatments are implemented 

inconsistently. In other words, without high levels of treatment integrity it becomes 

impossible to determine if the changes in behavior were due to the treatment as it was 

designed.  

Treatment integrity is also an important issue for clinical practice, as higher levels 

of treatment integrity may be associated with better treatment outcomes (Yeaton & 

Sechrest, 1981). Although deleterious effects of treatment integrity have been shown in 
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many studies, effect sizes are generally only moderate. For example, Gresham and 

colleagues (1993) reviewed studies reporting treatment integrity of behaviorally-based 

interventions in the school psychology literature and found only a moderate relation 

between the level of treatment integrity and the outcome of the intervention. Other 

research has found similar relations (Noell et al., 2005).  

It is possible that low integrity on certain non-critical components of the treatment 

may result in a low integrity score while the effectiveness of the treatment is retained. 

Therefore, overall scores of treatment integrity may not be truly representative of 

treatment implementation, because integrity may actually be low only on certain 

components of the treatment. Variation in treatment implementation across components 

could occur because of the time or effort required to implement certain components, or 

because different skill sets are required to appropriately implement various intervention 

components. For example, Codding, Feinberg, Dunn, and Pace (2005) demonstrated that 

teachers initially implemented antecedent-based intervention components at a much 

higher level of integrity than they implemented components involving manipulation of 

consequences. Integrity was also lower on interventions that involved multiple 

components or procedures that were not typically part of the teachers’ routines.  

The particular procedures used in a treatment may influence the degree to which 

caregivers implement the treatment as designed. For example, it is possible that some 

treatment procedures are more difficult to implement than others, and thus may be more 

prone to integrity failures. Higher levels of treatment integrity are more frequently 

associated with reinforcement-based treatments (Tingstrom, 1989; Witt, Martens, & 

Elliot, 1984) and treatments for which follow-up or consultation with professionals is 
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available (Codding, Feinberg, Dunn, & Pace, 2005; Noell et al., 2000; Northup, George, 

Jones, Broussard, & Vollmer, 1996; Sterling-Turner, 2002; Sterling-Turner, Watson, & 

Moore, 2002; Sterling-Turner, Watson, Wildmon, Watkins, & Little, 2001; Taylor & 

Miller, 1997; Witt et al., 1997).   

Treatment Integrity and Behavioral Treatments 

Differential reinforcement procedures are commonly used as a treatment for 

problem behavior. Although several types of differential reinforcement procedures have 

been developed, two frequently used treatment procedures are differential reinforcement 

of other behavior (DRO) and differential reinforcement of alternative behavior (DRA). 

The DRO procedures typically involve the delivery of a reinforcer following a period of 

time in which no undesired (target) responses occur. For example, if screaming was 

reinforced by access to attention, a DRO treatment might involve providing attention 

following each 5-min period during which the child did not scream. Appropriately 

implementing some DRO procedures involves constant monitoring of the client (to reset 

the interval when the target behavior occurs) and frequent delivery of reinforcers. 

Therefore, this treatment could become labor-intensive and yield a high rate of errors.  

Differential reinforcement of alternative behavior (DRA) typically involves 

withholding reinforcers following problem behavior (extinction, EXT) and providing 

reinforcers contingent on some appropriate, alternative response. Using the screaming 

example described above, a DRA treatment might involve ignoring screaming and 

providing attention following some appropriate behavior, such as saying hello. This type 

of treatment may be implemented with relatively low levels of integrity by some 

caregivers because those individuals may have a long history of reinforcing problem 
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behavior and may therefore find EXT procedures difficult, or because caregivers may 

have difficulty providing consistent reinforcement following alternative responses. 

The effects of treatment integrity failures on differential reinforcement procedures 

have not been carefully examined. Most prior research on treatment integrity has focused 

on whether or not integrity was reported in experimental studies (Armstrong, Ehrhardt, 

Cool, & Poling, 1997; Gresham, Gansle, & Noell, 1993; Gresham, Gansle, Noell, Cohen, 

& Rosenblum, 1993; Gresham, MacMillan, Beebe-Frankenberger, & Bocian, 2000; 

Peterson, Homer, & Wonderlich, 1982), factors influencing integrity (Hargett & Webster, 

1996; Northup et al., 1996; Sasso et al., 1992; Sterling-Turner, 2002; Sterling-Turner et 

al., 2001), or recommendations to increase integrity (Gresham, 1989; Noell, Duhon, 

Gatti, & Connell, 2002; Noell et al., 2000; Witt et al., 1997). Research focusing on the 

effects of treatment integrity as an independent variable have primarily used procedures 

to develop academic performance (Noell et al., 2002) or social skills (Peterson & 

McConnell, 1996; Peterson et al., 1982), not response-reduction procedures like those 

described above. Because of this relative paucity of research focusing on the effects of 

low levels of treatment integrity, the level of integrity adequate for achieving intervention 

effects during differential reinforcement procedures remains largely unknown. 

Effects of Treatment Integrity on Problem Behavior 

Two (of many) possible types of treatment integrity failures involve either the 

failure to deliver an earned reinforcer according to the treatment schedule (here termed an 

error of omission) or the delivery of a reinforcer following problem behavior (here 

termed an error of commission). An error of omission would occur when the caregiver 

failed to deliver a reinforcer at the correct time. Studies examining the effects of fading 

reinforcers in treatment procedures may be akin to increasing errors of omission. In these 
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studies, which typically focus on treatments involving response-independent reinforcer 

deliveries (Hagopian, Fisher, & Legacy, 1994; Marcus & Vollmer, 1996; Vollmer, 

Borrero, Lalli, & Daniel, 1999; Vollmer, Iwata, Zarcone, Smith, & Mazaleski, 1993; 

Worsdell, Iwata, Hanley, Thompson, & Kahng, 2000) or DRA (or a variation of DRA 

known as functional communication training or FCT), the reinforcement schedule is 

gradually thinned, resulting in fewer reinforcer deliveries and a more extinction-like 

schedule.  

In one example of a reinforcement thinning study, Hanley, Iwata, and Thompson 

(2001) examined four means of thinning the reinforcement schedule for appropriate 

behavior in a DRA treatment: delaying the delivery of reinforcement, reinforcing 

behavior on a fixed interval (FI) schedule, reinforcing behavior on a multiple FR1/EXT 

schedule, and reinforcing behavior on a mixed FR1/EXT schedule. During the delay to 

reinforcement condition, the time between the emission of the appropriate response and 

the delivery of the reinforcer gradually increased. During the FI schedule, the first 

appropriate response after a fixed period of time was reinforced—responses that occurred 

before the interval elapsed produced no programmed consequences. During the FR1/EXT 

schedules, adjusting periods of time were designated as a reinforcement component, 

during which every response resulted in reinforcement, and an extinction component, 

during which no reinforcers were available. These periods were not signaled during the 

mixed schedule, but were correlated with different colored cards during the multiple 

schedule. All of these manipulations are similar to errors of omission because they 

involve failure (albeit programmed failure) to reinforce appropriate behavior according to 

the initial treatment plan. 



6 

 

The results of the study by Hanley et al. (2001) suggest that errors of omission 

may have variable, detrimental effects on appropriate behavior during DRA treatments. 

Appropriate responding was eliminated when the reinforcer was presented after a delay. 

This suggests that failures to deliver reinforcers within close temporal proximity of 

appropriate behavior may lead to treatment failure. During the FI schedule, appropriate 

behavior occurred too frequently, rendering it no longer appropriate. For example, one 

participant engaged in “appropriate” behavior at a rate exceeding 12 responses per min, 

which could interrupt ongoing activities or annoy caregivers. Again, this may suggest that 

periodic failure to reinforce appropriate behavior, as occurred for responding during the 

FI interval, could also lead to undesirable outcomes. Finally, appropriate responding was 

more efficient (that is, occurred during the FR1 component and not during the EXT 

component) during the multiple schedule than during the mixed schedule.  

Of the fading procedures tested by Hanley et al. (2001), the mixed FR1/EXT is 

similar to errors of omission as they may occur in the natural environment. That is, 

caregivers may fail to implement the treatment appropriately periodically throughout the 

day, while implementing the procedure with high integrity at other times. Therefore, it is 

important to note that, while appropriate behavior occurred regularly throughout the 

mixed schedule evaluation, rates of problem behavior also increased, suggesting another 

possible effect of errors of omission. 

Research examining the effects of ongoing reinforcement for problem behavior 

during behavioral treatments may provide some evidence of the possible effects of errors 

of commission. This research has been conducted primarily with DRA treatments, which 

typically involve continuous reinforcement for appropriate behavior and extinction for 
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problem behavior. Studies in which extinction is not implemented as a component of the 

DRA have resulted in decreased efficacy of the intervention (Kelley, Lerman, & Van 

Camp, 2002; Shirley, Iwata, Kahng, Mazaleski, & Lerman, 1997).  Often, the failure to 

implement the extinction component of the DRA causes the treatment to fail entirely, 

with rates of problem behavior remaining high and rates of appropriate behavior low or 

zero. This may be due to the participants having a long history of reinforcement for 

problem behavior, which leads to the persistence of that behavior even when 

reinforcement becomes available for an appropriate alternative response. Alternatively, it 

is possible that the undesired response requires less effort to emit than does the 

appropriate response.  

In contrast, errors of commission involve the delivery of a reinforcer following 

problem behavior. In a study examining the effects of these errors on DRA, Worsdell et 

al. (2000) varied the reinforcement schedule for problem behavior from FR1 to FR20 

while keeping the schedule for appropriate behavior at FR1. For 1 participant, response 

allocation shifted to appropriate behavior when both responses were reinforced on an 

FR1 schedule. For the other 2 participants, response allocation gradually shifted toward 

appropriate behavior as the schedule for problem behavior became thinner. However, 1 

participant continued to engage in problem behavior at low rates even when the schedule 

of reinforcement was FR20. These results suggest that errors of commission—accidental 

reinforcement of problem behavior—may be highly detrimental to treatments like DRA. 

Similarly, research examining the effects of a contingent reinforcement schedule 

operating concurrently with a response-independent schedule showed that the rate of 

responding changed based on the proportion of response-contingent to response-
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independent reinforcers (Williams & Lattal, 1999), which may have implications for the 

effects of errors of commission during FT treatments. Taken collectively, the results of 

these studies suggest that not only may errors of commission affect rates of responding, 

but also that different levels of integrity failure may be correlated with different 

behavioral effects. 

Although the above mentioned studies provide some evidence of possible effects 

of integrity failures on behavioral treatments, none directly focused on the manipulation 

of procedural integrity at a variety of levels. In fact, few studies have directly examined 

the effect of treatment integrity failures on treatment outcomes. One exception examined 

the effects of imperfect implementation of a DRA procedure (Vollmer, Roane, Ringdahl, 

& Marcus, 1999), which involved periodic reinforcement of problem behavior (errors of 

commission) and failures to reinforce appropriate behavior (errors of omission). One 

feature that distinguishes this study from those discussed above is the manipulation of 

both errors of omission and commission. The results showed that, overall, the effects of 

the DRA procedure were resistant to decrements in integrity level. However, rates of 

undesirable behavior increased somewhat when both desirable and undesirable responses 

were reinforced. These increases could be problematic when dealing with severe problem 

behavior, such as self-injury, aggression, or property destruction, and again underscore 

the potential negative effects of treatment integrity failures. 

Purpose 

One potential reason for the paucity of experimental research on treatment 

integrity is the ethical limitations associated with providing people who engage in severe 

problem behavior with relatively long-term, low-quality care. Indeed, intentional 

exposure of participants with behavior disorders to degraded treatments is a possible 
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limitation of conducting preliminary treatment integrity research with clinical 

populations. As an alternative, translational research methods could be used to determine 

initial effects of treatment integrity failures.  

Translational research typically begins with controlled laboratory studies that are 

later replicated with clinical populations (Lerman, 2003). In addition to insulating at-risk 

populations from potentially damaging manipulations, translational research may afford 

more control over variables than is usually available in application, such as precise 

delivery of antecedent stimuli and reinforcers. Isolation of particular variables may 

illuminate the most influential factors, which can later be examined in application. 

Translational research may also allow for more rapid manipulation of variables than 

typically afforded with clinical populations, where the influence of extraneous variables 

such as therapist differences, limited session times, or the participants’ histories may 

affect the outcome of studies, particularly those that use relatively brief experimental 

phases. 

Through pilot research, we demonstrated that rates of responding on an arbitrary 

task typically changed in accordance with changes in the reinforcement schedule, such 

that higher rates were obtained during interval and ratio schedules than during common 

“treatment” schedules, such as FT and DRO (St. Peter & Vollmer, 2004). The general 

method involved the use of a computer program designed as an analog for common 

baseline and treatment conditions, which allowed for automated, precise delivery of 

antecedent stimuli and reinforcers. Undergraduate students engaged in an arbitrary 

response, clicking a computer mouse, which served as an analog for problem behavior. 

Points were used as a reinforcer. This preparation typically resulted in rapid changes in 
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responding consistent with schedule control, permitting the evaluation of multiple 

variables over a short period of time.  

The purpose of the current experiments was to study the effects of treatment 

integrity failures on commonly used behavioral treatments, using a laboratory 

preparation. Experiments I through IV evaluated the effects of treatment integrity failures 

on a DRO treatment. In the first two experiments, we examined the effects of two 

possible types of treatment integrity failures. In one type of failure, an arbitrarily defined 

“problem behavior” was periodically reinforced during the treatment condition (error of 

commission). The second type of failure involved periodic failures to deliver earned 

points (error of omission). It seemed likely that errors of commission would produce 

higher rates of problem behavior because they create a conjoint schedule in which the 

rate of reinforcement for the problem behavior may be higher than the rate of 

reinforcement available from treatment schedule. Conversely, errors of omission may be 

less detrimental because the extinction component of the treatment remains intact—the 

reinforcement schedule simply becomes thinner as the degree of integrity failure 

increases. Yet, because treatment integrity is often reported as a single statistic, equal 

weight is given to omission and commission errors, perhaps incorrectly. Experiment I 

examined the effects of signaled changes in treatment integrity; the signals were removed 

in Experiment II to examine unsignaled decreases in integrity. Experiments III and IV 

attempted to attenuate the detrimental effects of treatment integrity failures in DRO 

treatments by providing participants with a history of “multiple exemplars” associated 

with perfect integrity, or by gradually decreasing the level of treatment integrity. During 

Experiment III, participants were exposed to several perfect integrity phases, each 
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associated with different stimulus conditions, before errors of commission were 

introduced. During Experiment IV, the level of treatment integrity was decreased by 

small percentages across conditions, such that participants had experience with gradually 

lower levels of integrity rather than immediate drops in integrity level.  

Experiments V through VIII examined the effects of treatment integrity failures 

on a DRA treatment. Experiment V examined the effects of errors of omission alone, 

errors of commission alone, and combined errors of omission and commission, at four 

different levels of failure. Experiments VI through VIII evaluated whether the condition 

sequence affected responding during integrity failures. Specifically, these experiments 

examined whether responding during an error condition would differ based on the 

preceding condition. This series of experiments moved from a rapid, highly controlled 

assessment to a school-based evaluation along the basic-to-applied continuum. In 

Experiment VI, participants had only a brief exposure to each of the conditions (10min 

per exposure), similar to Experiments I through V. Experiment VII used similar methods 

to Experiment VI, but participants were paid based on their point earnings, and 

conditions were run to stability over longer periods of time (months). Experiment VIII 

was an applied replication of Experiments VI and VII. One adolescent boy with 

developmental disabilities, who was referred for the treatment of aggressive behavior, 

participated. This experiment allowed assessment of the clinical validity of the results of 

the prior human operant research.  

The present studies extend prior research in three ways. First, they examine the 

effects of both errors of omission and errors of commission on differential reinforcement 

procedures. Second, they demonstrate that the effects of these errors depend in part on the 



12 

 

history of the organism, and that these histories can be programmed in a way that 

attenuates the disruptive effects of integrity failures. Third, Experiments VI through VIII 

provide an example of translational research spanning the basic-to-applied continuum.  
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CHAPTER 2 
GENERAL METHODS FOR EXPERIMENTS I THROUGH IV 

Participants and Setting 

 All participants were undergraduate students enrolled in an Introductory 

Psychology course at the University of Florida. Students received course credit for 

completing the experiment, but this credit was not dependent on performance during the 

experimental sessions. 

 Students registered for participation based on minimal information provided on a 

website, which included only the session times available, the amount of time required for 

completion of the study, the location of the study, and the number assigned to the study 

by the Institutional Review Board. Each participant attended a single 2-hr experimental 

session. All sessions were conducted in a laboratory room equipped with a computer 

desk, a computer, and a chair. 

Method 

 When students arrived at their appointments, they were asked to read and sign an 

informed consent which stated that they were being asked to participate in an experiment 

on the effects of different contingencies of reinforcement. Participants were also given 

the following instructions: 

The purpose of this experiment is to examine how people learn to respond to earn points. 
If you agree to participate, you will be asked to sit at that computer [point to computer] 
and play a game. During the game, you should use only the mouse to earn as many points 
as you can. Although this is technically a 2 hour experiment, we have divided up your 
time into sessions. You will be able to take a 2-3 minute break between sessions. If you 
are interested in participating, you should print your name on the first page of the consent 
form and sign the second page. 
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If participants signed the consent, they were asked to leave all electronic devices, 

including watches, cell phones, personal digital assistants (PDAs), and pagers in the outer 

room of the experimental area. The purpose of removing these devices was twofold: to 

prevent participants from using these devices instead of attending to the experiment and 

to prevent participants from overtly timing interval-based schedules. Participants were 

then escorted to the room that served as the primary experimental area. 

 Participants were asked to take a seat at the desk and were given the following 

instructions:  

This is where you will be working. Use only the mouse to earn as many points as you 
can. Your points will be displayed at the bottom of the screen as a score. The instructions 
that you see [“Click OK to Begin”] are the only instructions you will receive. It’s up to 
you to figure out how to earn as many points as possible. When you click ‘ok,’ the 
program will start. At the end of the session, a thank you message will appear on the 
screen. When that happens, please come out [to the outer room] and get me. Good luck! 

When the participants clicked “OK,” the program began running, and the 

programmed schedules of reinforcement took effect. The computer screen was divided 

into 4 equally sized quadrants by a horizontal and a vertical line as shown in Figure 1. 

Programmed schedules of reinforcement were in effect only for clicks occurring in the 

upper left quadrant (hereafter called the “operative quadrant”). Clicks in all other 

quadrants were not reinforced. The program recorded clicks made anywhere on the 

computer screen, the quadrant in which these clicks occurred, and point deliveries, as 

well as the time in the session associated with each of these events.  

 Participants earned points by either clicking or not clicking in the upper left 

quadrant, according to the reinforcement schedules in effect. Fixed interval (FI) and DRO 

schedules were used. All schedules had a value of 15 s. Although this schedule value was 

chosen arbitrarily, it seemed to provide participants with sufficient contact with the 

contingency to permit rapid changes in responding when the reinforcement schedules 
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changed. During the FI schedules, the first click in the operative quadrant after 15 s had 

elapsed was followed by a point. During the DRO schedules, a point was delivered 

following 15-s periods in which no clicks in the operative quadrant occurred; any clicks 

in the operative quadrant reset the interval.  

Two types of treatment integrity failures were examined: errors of commission and 

errors of omission. Errors of commission involved the intermittent delivery of points 

following clicks in the operative quadrant. This type of error was designed as an analog 

of caregivers who may inadvertently reinforce problem behavior instead of adhering to 

the DRO treatment. Errors of omission involved the intermittent failure to deliver an 

earned point. During omission phases, participants who refrained from clicking in the 

operative quadrant for the duration of the interval would sometimes not receive a point. 

This type of error was designed as an analog of caregivers who may “forget” to deliver 

reinforcers in accordance with the DRO treatment.  

Each level of integrity was associated with a correlated probability of errors, such 

that 90% treatment integrity was associated with an error probability of 0.1, 80% 

integrity was associated with a probability of 0.2, 70% integrity was associated with a 

probability of 0.3, and 60% integrity was associated with a probability of 0.4. During 

errors of commission, this created a conjoint schedule by which participants could earn 

points either following a period of no responding, according to the DRO schedule, or 

following a response, according to the probabilistic error schedule. During errors of 

omission, participants could earn points only according to the DRO schedule (the 

extinction component of the schedule was preserved). However, there was a certain 

probability that earned points would not be delivered.  
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Although participants were instructed to earn as many points as possible, these 

points were not exchangeable for any back-up reinforcers. Prior research in our lab (St. 

Peter & Vollmer, 2003) and others (e.g., Weiner, 1969) has shown that points alone will 

function as reinforcers for college students. As an additional assurance that points alone 

would reinforce behavior, clear reinforcement effects and appropriate changes in rates of 

responding following contingency changes between baseline (FI schedule) and treatment 

(DRO schedule with perfect integrity) were required for a participant to be included in 

the experiments. Participants who did not show differentiation in response rates between 

baseline and DRO phases were excluded—4 of 45 participants failed to meet the 

inclusion criteria. 

 At the end of the 2-hr participation time, participants were granted their course 

credits and were asked if they had any questions about the study, or if they wanted a copy 

of the informed consent.  

Score:   1  

Figure 1: Screen shot of computer program used for Experiments I-IV 
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CHAPTER 3 
EFFECTS OF SIGNALED DECREASES IN INTEGRITY 

Procedure 

 The purpose of Experiment I was to determine the effects of signaled decreases in 

treatment integrity on DRO treatments. This type of signaled decrease in treatment 

integrity may be analogous to different caregivers implementing the treatment with 

different levels of integrity. Some caregivers may implement the treatment with perfect 

integrity whereas others make errors of omission or commission.  

 Eleven undergraduates participated in Experiment I. Each student participated in a 

two-hour experimental session. Participants took a three-min break following every 27-

min of participation. One participant withdrew from the study after the second break. 

Data from another participant were excluded because of a computer malfunction 

following the third break, resulting in an incomplete data set. Thus, data from 9 

participants were included in the study. 

The participants were divided into 4 groups, each exposed to a different level of 

integrity failure. The groups, number of participants in each group, and associated 

integrity levels are listed in Table 1. Each participant was exposed to the same order of 

conditions, regardless of the treatment integrity level grouping.  

Table 1: Error level groups during Experiment I 
 

 

 

Treatment Integrity  Probability of Errors Number of Participants 
90% 0.1 2 
80% 0.2 3 
70% 0.3 2 
60% 0.4 2 
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The order of conditions and the stimulus associated with each condition are listed 

in Table 2. Participants were first exposed to an FI 15-s schedule to establish responding, 

during which the first click in the operative quadrant after 15s resulted in a point delivery. 

Following exposure to the FI schedule, a DRO 15-s schedule was implemented, during 

which responses in the operative quadrant resulted in resetting of the 15-s timer, and an 

absence of responding in the operative quadrant for 15 s resulted in the delivery of a 

point. After responding had been established and reduced by the FI and DRO schedules, 

respectively, errors of omission and commission were evaluated. A multiple schedule 

was in place throughout this experiment; each type of condition was associated with a 

distinct background color of the computer screen (see Table 2 for the specific stimuli 

associated with each condition). 

Table 2: Order of conditions during Experiment I 
Reinforcement Schedule Background Color 
FI 15 s Green 
DRO 15 s (perfect integrity) Red 
DRO 15 s (errors of commission: DROc) Orange 
DRO 15 s (errors of omission: DROo) Yellow 
DRO 15 s (errors of commission: DROc) Orange 
DRO 15 s (errors of omission: DROo) Yellow 
BREAK 
FI 15 s Green 
DRO 15 s (perfect integrity) Red 
DRO 15 s (errors of omission: DROo) Yellow 
DRO 15 s (errors of commission: DROc) Orange 
DRO 15 s (errors of omission: DROo) Yellow 
DRO 15 s (errors of commission: DROc) Orange 
 

During errors of commission, participants could earn points by not responding, 

according to the DRO schedule, or after a response in the operative quadrant on an 

intermittent schedule, as determined by the programmed integrity level. Points earned 
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based on the integrity failures were delivered in a manner similar to a random ratio 

schedule, based on an experimenter-specified probability.  

During errors of omission, participants could only earn points by not responding, 

according to the DRO schedule. However, some earned points were not delivered, as 

determined by the programmed integrity level. Whether points were delivered or 

withheld was automatically calculated by the computer, as described above for 

commission points.  

All phases were 9-min in length, except for participant 90TI1, who was exposed 

to 10-min phases (this caused the experiment to run considerably over the allotted 2-hr 

time limit because of break time, so exposures were decreased for subsequent 

participants).  

Results and Discussion 

Results for participants exposed to 90% and 80% integrity are shown in Figure 2. 

Results for participants exposed to 70% and 60% integrity are shown in Figure 3. The 

level of integrity for each participant is denoted by the first two numbers in the 

participant code. For example, participant 90TI1 was exposed to 90% integrity, while 

participant 60TI1 was exposed to 60% integrity. In both figures, mouse clicks (responses) 

in the operative quadrant are along the y-axis, and consecutive minutes in the session are 

along the x-axis. Error conditions are labeled as either commission or omission by the 

letters C or O, followed by the probability of integrity failure.  
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Although differences in the absolute rates of responding and degree of change 

between phases differed across participants, 8 of the 9 participants showed similar 

patterns of responding. All 9 participants responded at greater rates during the FI 15-s 

schedule than during the DRO 15-s schedule with perfect integrity, suggesting that the 

DRO was an effective “treatment” for the analog problem behavior. Eight of the 9 

participants responded at higher rates during one or more phases involving errors of 

commission relative to both the FI and DRO with perfect integrity phases, suggesting that 

“erroneous” reinforcement of problem behavior may be particularly detrimental to DRO 

treatments. In contrast, none of the participants responded at higher rates during phases 

involving errors of omission relative to DRO when implemented with perfect integrity.  

Notably, increases and decreases in responding occurred rapidly after the start of 

each phase. The rapidity in change of response rates may be due to the distinct stimulus 

conditions associated with each condition type. One possible treatment implication is that 

caregivers who implement a treatment with errors of commission may never see 

treatment effects, even when the child is making a transition to that caregiver’s 

environment from one in which the treatment was implemented with perfect integrity.  

Data for the 1 participant for whom errors of commission did not decrease the 

effectiveness of the DRO are depicted in the graph labeled 70TI1, located in the upper 

left panel of Figure 3. For this participant, rates of responding were highest in the FI 

phases, and responding was eliminated during DRO. However, response rates did not 

increase when errors of commission were in place. It is possible that this participant did 

not have sufficient exposures to the errors for rates to increase. Because no responses 

occurred during the errors of commission until the third exposure, this participant did not 
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contact the commission error contingency until the 82nd min of participation. The history 

with DRO implemented with perfect integrity and with errors of omission may have 

affected this participant’s responding (although participant 70TI2 also did not contact the 

commission contingency until the 82nd min, yet errors of commission increased response 

rates once the contingency was contacted).   

The level of treatment integrity to which the participant was exposed did not seem 

to affect the overall pattern of results: errors of commission were detrimental to the 

treatment, even when the DRO was implemented at 90% integrity. Additionally, lower 

levels of treatment integrity did not seem to be consistently correlated with greater 

overall increases in rates of responding during commission phases. Figure 4 shows the 

mean rates of responding during each phase. Mean rates were calculated by summing the 

number of responses within a condition, across participants, and dividing by the total 

number of minutes of exposure to that condition. Mean rates of responding were 

moderate during the FI condition, low during DRO with perfect integrity and DRO with 

errors of omission, and high during DRO with errors of commission. The only substantial 

difference in rates of responding occurred during errors of commission, in which 60% 

treatment integrity resulted in greater rates of responding than did the other levels of 

treatment integrity. It is important to note that this increase in mean rates is due to 

participant 60TI2 engaging in extremely high response rates during the error conditions 

(figure in lower right panel of Figure 3), with response rates reaching over 1000 clicks 

per minute during the commission phases.   

 The results of Experiment I show that errors of commission may be highly 

detrimental to DRO treatments, regardless of the integrity level at which those errors 
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occur. Failure to deliver an earned reinforcer is less detrimental to DRO than 

inappropriately reinforcing problem behavior. The detrimental effects of errors of 

commission are in line with those of prior applied research showing that DRO is 

ineffective when implemented without extinction (Mazaleski, Iwata, Vollmer, Zarcone, 

& Smith, 1993). Notably, commission errors at 90% integrity were far more detrimental 

than omission errors at 60% integrity. Thus, integrity statistics are only meaningful when 

the context of the integrity failure is understood.  

When errors of commission are in place, the reinforcement schedule basically 

becomes a conjoint DRO RR schedule. That is, participants can earn points based on the 

DRO schedule by not responding, or can earn points on a probabilistic basis, similar to a 

random ratio (RR) reinforcement schedule. Prior research has shown that organisms will 

choose the richer reinforcement schedule (Herrnstein, 1970). In this experiment, even 

participants exposed to 90% integrity could earn more points during commission phases 

by responding than not responding, as long as more than 20 responses occurred per 15 s 

interval (with 20 responses per 15-s interval, an average of 2 points would be earned 

every 15s, but a maximum of 1 point could be earned every 15 s based on the DRO 

schedule). Because most participants responded at rates upwards of 200 responses per 

min (approximately 3.3 responses per s, or 50 responses in 15 s) during the commission 

phase, participants were able to maximize point earnings.  

 The suppressive effects of DRO with errors of omission are not surprising when 

considering the actual schedule of reinforcement in effect. During errors of omission, the 

DRO schedule becomes more extinction-like as reinforcers are omitted, causing the DRO 

to operate like a variable DRO (vDRO) reinforcement schedule, in which reinforcers are 
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delivered following varying periods of time during which no instances of the target 

response occur. Because vDRO schedules have been successfully used as a treatment in 

other studies (Lindberg, Iwata, Kahng, & DeLeon, 1999), it is relatively unsurprising that 

a DRO with errors of omission would continue to suppress behavior. However, it is 

possible that errors of omission may result in negative side effects similar to those 

reported with extinction treatments. Other than extinction bursts (which did not occur), 

these possible side effects were not examined in this series of experiments; future 

research should examine the possibility of negative side effects. 

Although this research was conducted in a laboratory setting, the results have 

implications for application. First, even though in practice “missed” opportunities to 

present reinforcers are often emphasized as problematic, such errors of omission are 

probably not too harmful in DRO treatments. Second, the detrimental effect of errors of 

commission suggests that the extinction component of DRO treatments should be 

stressed when training caregivers. Because caregivers often have a long history of 

reinforcing problem behavior, the extinction component of DRO treatments may 

ordinarily be prone to treatment integrity failures. If caregivers “give in” when response 

rates increase and provide a reinforcer following problem behavior, treatment failure 

becomes likely. Third, the results suggest that there is no absolute level of “good” 

treatment integrity. Even when errors of commission occurred with a probability of 0.1—

the treatment was implemented with 90% integrity—errors of commission were highly 

detrimental.  

Experiment I showed that errors of commission are highly detrimental to DRO 

treatments, when the change to a phase involving errors of commission are signaled by a 
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stimulus change. This may be analogous to different caregivers implementing the 

treatment with different levels of integrity—some caregivers implement the treatment 

perfectly, while others make errors. It is possible, however, that a single caregiver 

implements the treatment at varying levels of integrity throughout the day. In that case, 

decreases in treatment integrity may not be associated with stimulus changes. When 

decreases in treatment integrity are not signaled, the effects of integrity failures may not 

be as dramatic. Experiment II addressed this possibility by not providing stimulus 

changes associated with decreases in integrity level. 
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Figure 2: Participants exposed to 90% and 80% integrity with signaled errors 
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Figure 3: Participants exposed to 70% and 60% integrity with signaled errors 

 
 
 
 
 
 
 
 
 
 
 

 

 

Figure 4: Mean rates of responding for participants with signaled errors 
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CHAPTER 4 
EFFECTS OF UNSIGNALED DECREASES IN INTEGRITY 

Procedure 

Experiment II examined the effects of decreased treatment integrity levels that 

were not associated with distinct background colors of the computer screen. This may be 

analogous to a single caregiver implementing a treatment with varying levels of integrity. 

Ten undergraduates participated in Experiment II. The 10 participants were 

randomly divided into two groups, with 5 participants in each group. Group I experienced 

no stimulus changes throughout the experiment—the background of the computer screen 

remained green regardless of the reinforcement schedule in effect. Group II experienced 

stimulus changes between baseline and treatment, but not between treatment and 

subsequent integrity failures. For these participants, the background of the computer 

screen was green during FI and red during all DRO phases, regardless of the level of 

treatment integrity. The second group was created after two participants from Group I 

failed to show consistent decreases in responding when DRO was implemented with 

perfect integrity (depicted in Figure 5). Data from these 2 participants were excluded 

from the study, leaving 3 participants in Group I. One participant, NSD01, participated 

for only 115 min with an 8-min break because of a computer error during the break that 

delayed the start of the second participation block. 

Students in both groups participated in a 123-min experimental session. 

Participants took a 3-min break following the first 60-min of participation. Participants 

were exposed to both errors of commission and errors of omission, but at a single level of 
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integrity failure (80%). The baseline and full treatment schedules used were identical to 

Experiment I (FI15s and DRO15s, respectively). Participants were first exposed to FI15s 

to establish responding, then to DRO15s with perfect integrity. Following those initial 

exposures, errors of commission and omission were alternated, with four total 

replications of each of the error types.  

Results and Discussion 

 Figures 5 through 7 show the results for Experiment II. For all figures in 

Experiment II, responses are along the y-axis and consecutive minutes in the session are 

along the x-axis. Condition labels denote the reinforcement schedule in effect: FI15 (FI), 

DRO15 (DRO), DRO15 with 80% errors of commission (DROc), and DRO15 with 80% 

errors of omission (DROo).   

As mentioned previously, DRO implemented with perfect integrity was effective 

for only 8 of the 10 participants. Figure 5 shows the data for the two participants for 

whom the DRO was ineffective. Because DRO implemented with perfect integrity was 

insufficient to produce reliable reductions in responding, data from these 2 participants 

were excluded from further analysis in Experiment II. However, it is interesting to note 

that both participants were in Group I, and, therefore, experienced no stimulus changes 

when reinforcement schedules changed. It is possible that, for these participants, 10-min 

exposures to the DRO schedule were insufficient to decrease responding. This could be 

due to a failure to discriminate between the FI and DRO conditions. Discrimination may 

be facilitated by changes in stimulus conditions between the FI and DRO. Indeed, all 

participants in Group II, who experienced a green background during FI and a red 

background during DRO, showed a differentiation in response rates between the two 

conditions.  
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Figure 5: Participants disqualified from further analysis. Both participants experienced 
signaled changes between FI and DRO 

 Results for the remaining 8 participants in Groups I and II are shown in Figures 6 

and 7, respectively. In both figures, rates of responding are along the y-axis and 

consecutive minutes in the session are along the x-axis. As in Figure 5, error conditions 

are labeled as DRO C (DRO with errors of commission) and DRO O (DRO with errors of 

omission). In general, rates of responding were moderate during FI, low during DRO 

with perfect integrity and errors of omission, and high during most DRO phases with 

errors of commission. All 3 participants in Group I responded at greater rates during 
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phases involving errors of commission than during any other condition, as shown in 

Figure 6. For 1 participant in Group I (NSS04, shown in the upper left panel of Figure 6), 

rates did not increase during errors of commission until the final two exposures to that 

condition. This could be due to limited contact with the commission contingency during 

the initial exposures to that condition, as a result of low response rates. Errors of 

omission were as effective at suppressing response rates during DRO implemented with 

perfect integrity for all participants in Group I. 

 

Figure 6: Participants who experienced no changes in background color 
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Figure 7: Participants who experienced changes in background only between FI and DRO 

Results for participants in Group II are depicted in Figure 7. Results similar to 

those from Group I were obtained for 3 of the 5 participants in Group II (NSD03, 

NSD05, and NSD07). For these 3 participants, rates of responding were elevated during 
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errors of commission but remained low during errors of omission. Participants NSD01 

and NSD09 (upper and lower left panels of Figure 7, respectively) did not respond at 

higher rates during commission phases. For participant NSD01 (upper left panel), 

exposure to the initial DRO treatment, implemented with perfect integrity, decreased 

response rates to zero within the first two min of the treatment, and responding remained 

at zero for much of the rest the participant’s exposure to the red background (all DRO 

conditions, including treatment integrity failures). This participant only contacted the 

commission contingency during the final minute of the third commission phase (minute 

95), which seemed to result in a brief increase in responding during the subsequent 

omission phase. Similarly, the DRO treatment decreased rates of responding to 0 within 

the first 2 min of the treatment for participant NSD09 (lower left panel). Following this 

decrease, responding remained at 0 throughout the rest of the exposures to DRO, 

including those in which integrity failures were in place. Therefore, this participant never 

contacted the commission error contingency.  

 The results of Experiment II indicate that errors of commission may be 

detrimental to DRO treatments when the changes in treatment integrity are not signaled. 

This suggests that even a single caregiver who occasionally makes errors may undermine 

the treatment effects, at least while the treatment integrity is compromised.  

However, the results of Experiment II were more mixed than those obtained 

during Experiment I. Two participants in Group I did not qualify for the study. 

Additionally, 2 participants from Group II did not respond at higher rates during errors of 

commission. It is important to note that these 2 participants did not have substantial 

contact with the commission contingency because the DRO was so effective at 
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suppressing responding. It is also interesting that both of these participants were in Group 

II, who experienced a change in the background color of the computer screen when the 

reinforcement schedule changed from FI to DRO. It is possible that these 2 participants 

generated some rule about responding, such as “Click during green, do not click during 

red.” Although no formal data were collected on this type of rule-generation, 1 of the 2 

participants did informally report such a rule at the conclusion of the experiment.  

Both types of results—those showing increases in rates during commission phases 

and those showing no increases—can inform applied research and practice. Those 

participants for whom errors of commission were detrimental suggest that caregivers 

must remain vigilant about the implementation of DRO treatments, as errors of 

commission undermined the treatment even when they were not signaled. It could be that 

one way to attenuate the effects of possible integrity failures is to ensure that the DRO is 

implemented with perfect integrity until rates of responding consistently remain at zero. 

When responding is eliminated or greatly reduced, as with participants NSD01 and 

NSD09, errors of commission have little or no opportunity to occur.  

Unfortunately, decreasing rates of responding to zero is not always possible, 

precluding this type of insulation from the detrimental effects of errors of commission. 

Another possibility is to provide participants with a history with different stimulus 

contexts with perfect integrity before introducing stimulus contexts with errors. We 

evaluated this approach, which shares features with procedures using “multiple 

exemplars” to teach new responses (Sprague, 1993), in Experiment III. 
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CHAPTER 5 
EFFECTS OF MULTIPLE EXEMPLARS ON RESPONDING DURING ERRORS OF 

COMMISSION 

Procedure 

 Twelve undergraduate students participated in Experiment III. One participant 

withdrew from the experiment after 65 min of participation. Data from 1 additional 

participant were excluded from data analysis because there was no differentiation 

between responding during FI and DRO with perfect integrity. Thus, a total of 10 

participants remained. 

 Students participated for a total of 103 min, which was broken into 2, 50-min 

blocks separated by a 3-min break. The participants were exposed to an FI 15-s schedule 

for the first and last 10 min of the session. During FI conditions, the background of the 

computer screen was green. Following the initial FI exposure, participants were exposed 

to 10 min of a DRO 15-s schedule, associated with a red background. All subsequent 

exposures to DRO were 5 min and were associated with a variety of different background 

colors, including blue, orange, cyan, and yellow. These phases provided participants with 

a history of multiple stimuli associated with perfect integrity, similar to the “multiple 

exemplars” approach used in prior research. This procedure may be analogous to multiple 

caregivers implementing a procedure perfectly before introducing a caregiver who makes 

errors of commission. Phases involving DRO with errors of commission, implemented 

with 80% integrity and associated with a purple background, were included three times 
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interspersed among the perfect integrity conditions. The specific order of conditions is 

listed in Table 3.  

Table 3: Order of conditions during Experiment III 
Schedule Component Time % Integrity Background Color 
FI 15 s 10 min 100 Green 

DRO 15 s 10 min 100 Red 
DRO 15 s 5 min 100 Blue 
DRO 15 s 5 min 100 Orange 
DRO 15 s 5 min 100 Cyan 
DRO 15 s 5 min 100 Yellow 
DRO 15 s 5 min 80 Purple 
DRO 15 s 5 min 100 Blue 

BREAK 
DRO 15 s 10 min 100 Red 
DRO 15 s 5 min 100 Blue 
DRO 15 s 5 min 80 Purple 
DRO 15 s 5 min 100 Yellow 
DRO 15 s 5 min 100 Cyan 
DRO 15 s 5 min 100 Orange 
DRO 15 s 5 min 80 Purple 

FI 15 s 10 min 100 Green 
 

Results and Discussion 

 For 6 participants in Experiment III, experience with multiple stimuli correlated 

with perfect treatment integrity seemed sufficient to suppress responding when errors of 

commission were in place. Results for these participants are depicted in Figure 8. In this 

figure and all subsequent figures in Experiment III, response rate is shown along the y-

axis and consecutive minutes in the experiment along the x-axis. Condition labels 

correspond to the stimulus presented during the condition. As mentioned above, all 

stimuli were associated with perfect integrity except for the purple background, which 

was associated with 80% errors of commission. All 6 participants whose data are 

depicted in Figure 8 responded at moderate rates during FI, low to zero rates during DRO 
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implemented with perfect integrity, and low to zero rates when errors of commission 

were in place.  

 

 
Figure 8: Participants for whom multiple exemplars were sufficient to reduce responding 

These results have implications for application. For example, it may be possible for 

several highly trained therapists to implement the procedure perfectly and to provide a 
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high degree of monitoring with parents or other caregivers to ensure sufficient exposure 

to perfect integrity associated with a variety of different care providers. This type of 

history may insulate the treatment from detrimental effects associated with less trained 

caregivers implementing the treatment imperfectly. 

Figure 9 shows results for the remaining 4 participants in Experiment III. Three of 

these participants (708, 706, & 711) engaged in slightly higher rates of responding during 

the stimuli associated with perfect integrity than did the participants whose data are 

depicted in Figure 8. Usually, these increased rates occurred shortly after a stimulus 

change occurred. Participant 706 (upper right panel of Figure 8) engaged in slightly 

elevated rates of responding during the second exposure to errors of commission (from 

minutes 68 to 70), which seemed to affect responding during later perfect integrity 

conditions. This pattern of responding may have important implications for application, 

as it suggests that exposure to treatment integrity failures may undermine later high-

integrity treatment efforts. 

Only 1 participant engaged in high rates of responding during the commission 

conditions. Data for this participant are shown in the lower right panel of Figure 8 

(participant 709). This participant responded at low to moderate rates during FI and, 

eventually, low to zero rates during DRO implemented with perfect integrity. Response 

rates were highest in the phases with errors of commission. Therefore, a history with 

multiple stimuli associated with perfect integrity was insufficient to attenuate the 

detrimental effects of treatment integrity failures for this participant. Interestingly, this 

participant was the only one who responded at least once per minute during all the phases 

of DRO with perfect integrity. Although further research is needed to determine if this 
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variable is responsible for the increase in rates during errors of commission, it suggests 

that errors of commission may be especially detrimental when the initial DRO does not 

eliminate responding.  

 

Figure 9: Participants for whom multiple exemplars were insufficient to suppress 
responding 

Overall, providing a history with several different stimuli associated with perfect 

integrity was successful at attenuating the detrimental effects of errors of commission. 

These results suggest that it may be beneficial to have multiple highly trained individuals 

implement a procedure before introducing individuals who are likely to make errors, 

especially errors of commission.  
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One limitation of this study is that the sequence of conditions did not include an 

examination of 80% errors of commission before the history with perfect integrity was 

developed. Therefore, there is no evidence that errors of commission would have resulted 

in high rates of responding for these participants. However, the results of Experiments I 

and II showed that errors of commission reliably produced elevated response rates. 

Additionally, the condition sequence used in this experiment showed that the low rate of 

responding throughout the DRO phases was not caused by a loss of reinforcer efficacy, as 

rates of responding increased for all participants during the final FI condition.  

A second limitation is the lack of control for duration of exposure to DRO 

implemented with perfect integrity. Assessing the effect of multiple exemplars of perfect 

integrity required more overall exposure to that condition than in previous experiments. 

This confound could be addressed in future research to ensure that having multiple 

stimuli associated with the treatment is more critical than simply increasing the amount 

of exposure to the DRO implemented perfectly.  

Regardless of the mechanism behind the effects, it seems that this procedure was 

effective in attenuating the disruptive effects of errors of commission, and suggests 

possibilities for application. In particular, these results show that DRO treatments can 

remain effective even when one caregiver implements the treatment with errors of 

commission. However, it is possible that a single caregiver would initially implement the 

treatment well but later make errors, similar to Experiment II. We examined the 

possibility that gradual decreases in treatment integrity may attenuate the effects of these 

errors in Experiment IV. 
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CHAPTER 6 
EFFECTS OF INTEGRITY FADING ON RESPONDING DURING ERRORS OF 

COMMISSION 

Procedure 

 Twelve undergraduate students participated in Experiment IV. None of the 

participants withdrew or failed to meet the inclusion criteria for the experiment. Students 

participated for a total of 103 min, which included 2, 50-min blocks in the experiment 

with a 3-min break between blocks. The sequence of conditions is listed in Table 4.  

Table 4: Order of conditions during Experiment IV 
Schedule Component Time % Integrity Background Color 
FI 15 s 10 min 100 Green 

DRO 15 s 10 min 100 Red 
FI 15 s 10 min 100 Green 

DRO 15 s 10 min 100 Red 
DRO 15 s 10 min 80 Blue 

BREAK 
DRO 15 s 10 min 100 Red 
DRO 15 s 5 min 97 Red 
DRO 15 s 5 min 95 Red 
DRO 15 s 5 min 90 Red 
DRO 15 s 5 min 84 Red 
DRO 15 s 5 min 80 Red 
DRO 15 s 5 min 80 Blue 
DRO 15 s 10 min 100 Red 

 

Participants were first exposed to an FI 15-s schedule, which was correlated with 

a green background of the computer screen. Following the FI, the reinforcement schedule 

was changed to DRO 15-s schedule implemented with perfect integrity, which was 

associated with a red background. These conditions were replicated before assessing the 

effects of a sudden decrease in treatment integrity to 80% during an error of commission 
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phase, which was associated with a blue background. These phases were all 10-min in 

duration, and were followed by a 3-min break. After the break, DRO was again 

implemented with perfect integrity for a 10-min period, which was followed by a gradual 

decrease in integrity. Specifically, treatment integrity decreased in the following 

sequence: 97%, 95%, 90%, 84%, and 80%, except for the participant F08, who was 

exposed to 97%, 93%, 90%, 87%, and 84%. The steps in the fading procedure were 

changed after participant F08 to allow assessment of 80% integrity during the fading 

procedure. For all participants, the background of the computer screen remained red 

during the fading procedure. This may be analogous to one caregiver initially 

implementing the treatment perfectly, but beginning to slip or drift over time. At the 

conclusion of the experiment, we evaluated the effects of 80% integrity associated with a 

stimulus change before returning to a full integrity condition.  

Results and Discussion 

 Figures 10 and 11 depict data from participants in Experiment IV. As in previous 

figures, responses are depicted along the y-axis and consecutive minutes in the 

experiment are depicted along the x-axis. In both figures, the numerical condition labels 

show the percentage of treatment integrity in place during the DRO schedule in that 

phase. The conditions labeled 80(B) denote the 80% integrity phases that were associated 

with a change in the background color from red to blue.  

For all participants, response rates were low to moderate during FI and low to 

zero during DRO with perfect integrity. Results during the errors of commission varied 

somewhat across participants. Figure 10 shows results from 4 participants (F08, F25, 

F26, and F27) for whom response rates increased during the initial exposure to 80% 

errors of commission, when that condition was signaled by a change in the background 
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color of the computer screen. Interestingly, this increase was either not observed or not 

maintained for 8 of the participants (F18, F19, F20, F21, F22, F23, F24, and F28, shown 

in Figure 11). In general, these participants had limited or no contact with the 

commission contingency because low rates of responding seemed to carry over from the 

previous perfect integrity phase. For 5 of these participants (F21, F22, F23, F24, and 

F28), the second exposure to the signaled 80% errors phase did result in increased 

response rate. However, response rates had begun to increase in the previous fading 

phases for all of these participants. Nevertheless, the occasional failure of 80% errors to 

increase response rate are unusual in light of the previous experiments. They suggest that, 

for some participants, commission errors may have no detrimental effects, regardless of 

the programmed level of treatment integrity, because no responses ever contact the 

reinforcer.  

 For the 4 participants who responded at high rates during the first commission 

contingency (Figure 10), the gradual decreases in integrity were effective at attenuating 

the disruptive effects of errors of commission for 2 participants (F08 and F26). For 

participant F08, rates remained at low or zero levels during the entire fading process, but 

high, variable rates were observed when the background color changed during the final 

presentation of the 80% integrity level. Participant F26 responded at high rates during the 

initial exposure to 80% integrity, and low to zero rates during the remainder of the 

experiment, including when the background color of the computer screen changed during 

the final presentation of 80% integrity. This participant seemed to be attending to the 

experiment, so it is possible that the low rates of responding were due to the long history 
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with DRO established during the experiment, or to the loss of reinforcing efficacy of the 

points.   

For the other 2 participants who responded at high rates during the initial 80% 

presentation, response rates climbed steadily as the level of treatment integrity declined. 

For F27, responses rates began to increase during the exposure to 95% integrity, while 

response rates for F25 increased during exposure to 90% integrity. Similar results were 

obtained for 2 participants who did not respond at high rates during the initial exposure to 

80% integrity (F21 and F23). For all the participants for whom fading was not successful 

at attenuating the disruptive effects of integrity failures, response rates during the failure 

phases rose well above those observed in previous conditions, similar to the rates of 

responding during errors of commission observed in Experiments I and II.  

 Two of the participants (F22 and F24, shown in Figure 11) responded at low to 

moderate rates during the integrity fading conditions. For these participants, gradually 

decreasing the level of integrity was not effective at suppressing response rates to the 

same degree as the full integrity condition. However, the effects of commission errors did 

not seem as detrimental as they had in previous experiments. This suggests that gradually 

decreasing the level of integrity may still attenuate the detrimental effects of commission 

errors, even when not completely effective at suppressing response rate. 

 Although the gradual decreases in treatment integrity were not effective for all 12 

participants in this experiment, the increases in response rate were evident quickly (upon 

90% integrity). This suggests that clinicians may be able to rapidly evaluate whether or 

not gradual decreases in integrity would attenuate the detrimental effects of errors of 

commission. Additionally, these results underscore the influence of errors of commission 
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on responding during DRO treatments, even at integrity values that are at “high” levels. 

Experiments I through IV addressed one common behavioral treatment, DRO. In recent 

years, DRA has become an even more widely used variation of differential reinforcement 

procedures. Experiments V through VIII involved evaluations of treatment integrity 

failures during DRA treatments. 

 

Figure 10: Participants whose response rate increased during the first signaled exposure 
to 80% integrity 
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Figure 11: Participants who did not respond during the initial exposure to 80% integrity 
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CHAPTER 7 
GENERAL METHODS FOR EXPERIMENTS V AND VI 

Participants and Setting 

 All participants were undergraduate students enrolled in an Introductory 

Psychology course at the University of Florida. Students received course credit for 

completing the experiment, but this credit was not dependent on performance during the 

experimental sessions. Each experimental session involved only one participant.

 Students registered for participation based on minimal information provided on a 

website, which included only the session times available, the amount of time required for 

completion of the study, the location of the study, and the number assigned to the study 

by the Institutional Review Board. The duration of participation was 2 hrs for each 

participant. All sessions were conducted in a laboratory room located in the Psychology 

Building, which was equipped with a computer desk, a computer, and a chair. 

Method  

 When students arrived at their appointed times, they were asked to read and sign 

an informed consent which stated that they were being asked to participate in an 

experiment on the effects of different contingencies of reinforcement. Participants were 

also given the following instructions: 

Here is the informed consent, but I will tell you what it says in fewer words. This is an 
experiment on how people learn to respond under different contingencies of 
reinforcement. In other words, we are studying how people learn to work for rewards. If 
you agree to participate, you will be seated at a back room and will use only the mouse to 
earn as many points as possible during the two-hour session. Rather than have you sit 
there for two hours straight, you will be able to take a break midway through. If you 
would like to participate, please read over the consent and sign on the second page. Do 
you have any questions? 
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If participants signed the consent, they were asked to leave all electronic devices, 

including watches, cell phones, personal digital assistants (PDAs), and pagers in the outer 

room of the experimental area. The purpose of removing these devices was to prevent 

participants from using these devices instead of attending to the experiment. Participants 

were then escorted to the room that served as the primary experimental area. 

 Participants were asked to take a seat at the desk, and were given the following 

instructions:  

This is where you will be working. Remember to use only the mouse to earn as many 
points as possible. The instructions you see on the screen [“click ok to begin”] are the 
only ones that you will get: it is up to you to figure out how to earn points. At the end of 
the first session, a thank you message will appear on the screen. When it appears, please 
come out and get me. You can then take your break while I reset the computer. Good 
luck!! 
 

When the participants clicked “OK,” the program began running, and the programmed 

schedules of reinforcement took effect. The computer screen was blank except for one 

red circle and one black circle. The circles were 0.5in in diameter and moved at a speed 

of either 25mm per second (Experiment V) or 50mm per second (Experiment VI) in 

random directions. Programmed schedules of reinforcement differed for each of the 

circles. We arbitrarily defined clicking on the black circle as engaging in “problem 

behavior” and clicking on the red circle as engaging in “appropriate behavior.”

 Participants earned points by clicking the red or black circles, according to the 

reinforcement schedules in effect. During baseline, clicking on the black circle was 

reinforced on an FR1 schedule and clicking on the red circle was not reinforced (EXT). 

During DRA implemented with full integrity, clicking on the black circle was not 

reinforced (EXT) and clicking on the red circle was reinforced on an FR1 schedule. 

These baseline and treatment schedules were chosen because they are commonly used in 

applied research on DRA. During treatment integrity failures, the values of the schedules 
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were altered so that one or both of the available responses were reinforced on a random 

ratio (RR) schedule. Although the use of RR schedules is only one possible type of 

integrity failure, it seemed possible that caregivers may reinforce behavior on ratio-like 

schedules, and the use of ratio-based schedules was consistent with prior research on 

treatment integrity failures during DRA schedules (Vollmer, Roane et al., 1999; Worsdell 

et al., 2000). 

Three types of integrity failures were examined: errors of commission in isolation, 

errors of omission in isolation, and combined errors of commission and omission. Like 

Experiments I through IV, errors of commission involved the intermittent delivery of 

points following clicks on the black circle (“problem behavior”). Errors of omission 

involved the intermittent failure to deliver a point following a click on the red circle 

(“appropriate behavior”). During the combined errors phases, participants sometimes 

earned a point following problem behavior and not earn a point following appropriate 

behavior.  

As in Experiments I through IV, participants were instructed to earn as many 

points as possible, but points were not exchangeable for any back-up reinforcers. Clear 

reinforcement effects and appropriate changes in rates of responding following 

contingency changes between baseline (FR1/EXT schedule) and treatment (DRA 

schedule with perfect integrity, EXT/FR1) were required for a participant to be included 

in the experiments. Participants who did not show differentiation in response rates 

between baseline and DRA phases were excluded—5 of 27 participants failed to meet the 

inclusion criteria. 
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 At the end of the 2-hr participation time, participants were granted their course 

credits and were asked if they had any questions about the study, or if they wanted a copy 

of the informed consent.  
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CHAPTER 8 
EFFECTS OF TREATMENT INTEGRITY FAILURES ON DRA TREATMENTS 

Procedure 

 The purpose of Experiment V was to examine the effects of different types and 

levels of treatment integrity failures on DRA treatments. Specifically, we examined 

errors of omission in isolation, errors of commission in isolation, and combined errors of 

omission and commission across a wide range of integrity values (80% integrity to 20% 

integrity). 

  Seventeen undergraduate students agreed to participate in Experiment V. Five 

participants withdrew midway through the experiment, complaining of boredom. Data 

from an additional 3 participants were excluded because of computer errors during the 

experiment. Therefore, data from 9 remaining participants were included. Students 

participated for a total of 123 min, which included a 2, 60-min blocks in the experiment 

with a 3-min break between blocks.  

 Participants were randomly assigned to one of three groups. Condition sequence 

remained constant, regardless of group assignment. During the first experimental block, 

participants were exposed to baseline, DRA at full integrity, followed by 4 phases of 

reduced treatment integrity. Each participant was exposed to four levels of treatment 

integrity (80%, 60%, 40%, and 20%), but the type of integrity manipulation varied across 

groups. Participants in Group I were exposed only to errors of omission; for these 

participants, reduced levels of treatment integrity meant that the FR1 schedule for 

appropriate behavior became thinner. As treatment integrity levels became lower, these 
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participants could earn fewer reinforcers for engaging in appropriate behavior, but could 

never earn points for engaging in problem behavior. Participants in Group II were 

exposed to only errors of commission; for these participants, reduced levels of treatment 

integrity meant that some reinforcers were introduced into the EXT schedule for problem 

behavior. As the treatment integrity levels became lower, the reinforcement schedule for 

problem behavior became richer, but appropriate behavior was always reinforced on an 

FR1 schedule. Participants in Group III were exposed to combined errors of omission and 

commission. For these participants, the level of treatment integrity for problem behavior 

and appropriate behavior were positively correlated, such that as fewer reinforcers were 

available for problem behavior (fewer errors of commission), more reinforcers were 

available for appropriate behavior (fewer errors of omission).  

Results and Discussion 

 The results for participants in Group I are shown in Figure 12. In this and all 

subsequent figures in Experiment V, responses are shown along the y-axis and 

consecutive minutes in the session are shown along the x-axis. The closed circles depict 

response rate on the black circle (problem behavior), and the open circles depict response 

rate on the red circle (appropriate behavior). The numerical condition labels show the 

percent of treatment integrity for appropriate behavior over the percent of treatment 

integrity for problem behavior. For example, the 60/100 label in Figure 12 denotes a 

condition in which 60% treatment integrity was in place for the FR1 component of the 

DRA and 100% integrity was in place for the EXT component. In this case, 60% of 

appropriate responses were reinforced, but no instances of problem behavior were 

reinforced.  
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Figure 12: Results for Group I, who were exposed to errors of omission only 

 Results for Group I were highly consistent. For all 3 participants in this group, 

rates of problem behavior were high and rates of appropriate behavior were low during 

the baseline phases. When DRA was implemented with perfect integrity, participants 

engaged in high rates of appropriate behavior and low rates of problem behavior. During 

treatment integrity failure phases, participants generally engaged in appropriate behavior 

at somewhat lower rates as the treatment integrity decreased during the first exposure to 

failure phases. In general, rates of appropriate responding remained high during the 

second exposure to failure phases, with the exception of the final failure phase of the 
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experiment (80/100). It is possible that the decrement observed in appropriate responding 

just before the break and at the end of the experiment was related to participant fatigue 

instead of the treatment integrity level. This possibility should be explored in future 

research by providing participants with more frequent breaks during the experimental 

session or changing the task. Regardless of the level of errors of omission in place, 

participants in Group I did not engage in elevated rates of problem behavior. This finding 

is consistent with those obtained in Experiments I through IV, and suggests that errors of 

omission in isolation may not be highly detrimental to DRA treatments.  

Results for participants in Group II are shown in Figure 13. For these participants, 

errors of commission did not become detrimental until the level of treatment integrity 

dropped to 40% or lower. For participants 2DRAP06 and 2DRAP22, high rates of 

appropriate behavior and low rates of problem behavior were observed during DRA at 

full integrity, and during 80% and 60% treatment integrity. However, rates of appropriate 

behavior decreased, or rates of problem behavior increased, at 40% and 20% integrity. 

The increase in problem behavior during 40% integrity and 20% integrity is somewhat 

surprising. Because participants could consistently earn a point for each appropriate 

response, it seems counterintuitive that participants would allocate responding to a 

thinner reinforcement schedule (the treatment integrity failures for problem behavior). 

Overall, however, the DRA treatment seemed relatively robust when errors of 

commission occurred at less than 60% integrity.  

Errors of commission at 40% and 20% integrity were also detrimental during the 

second exposure to the integrity failure phases with participant 2DRAP05. However, this 

participant engaged in elevated rates of problem during the first exposures to 60% and 
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80% integrity failure. It is possible that the sequence of conditions (low integrity to high 

integrity versus high integrity to low integrity) could have influenced these results. This 

possibility is supported by the data from Experiment IV, which showed that gradually 

decreasing the treatment integrity level attenuated the disruptive effects of errors of 

commission during DRO treatments. The possibility that responding during treatment 

integrity failures is affected by condition sequence was further examined in Experiment 

VI.  

 

Figure 13: Results for Group II, who experienced only errors of commission 

 Results from participants in Group III are shown in Figure 14. For these 

participants, errors of omission and commission co-varied. For example, during the 

conditions labeled 20/20, there was 20% integrity on both the FR1 and EXT components 
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of the DRA; this resulted in a 20% chance that appropriate behavior would result in a 

point and an 80% chance that problem behavior would result in a point. Results were 

consistent across the 3 participants in Group III. Participants engaged in high rates of 

problem behavior and low rates of appropriate behavior when treatment integrity was 

20% or 40%. However, once treatment integrity reached 60%, response allocations 

switched, with participants engaging in more appropriate behavior than problem 

behavior. These results did not seem to be highly affected by the sequence in which the 

conditions were conducted.  

 
Figure 14: Results for Group III, who experienced both errors of commission and errors 
of omission 
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 The results obtained from Group III could be explained based on the 

reinforcement rate available from each response type. When problem behavior was more 

likely to result in reinforcement than was appropriate behavior (during the 20% and 40% 

integrity phases), participants engaged in more problem behavior than appropriate 

behavior. When appropriate behavior was more likely to result in reinforcement than was 

problem behavior (during the 60% and 80% integrity phases), participants were more 

likely to engage in appropriate behavior than problem behavior.  

 The results from Experiment V demonstrate that DRA treatments are susceptible 

to failure based on different kinds of treatment integrity failures. Similar to the results 

obtained with DRO treatments in Experiments I and II, errors of omission in isolation did 

not seem to be highly detrimental to the DRA treatment. Errors of commission had a 

greater impact on responding than did errors of omission, but only at relatively low levels 

of treatment integrity (20% and 40% integrity). This can be contrasted with the highly 

detrimental effect that errors of commission had on DRO treatments in Experiments I and 

II, even at high levels of treatment integrity. The primary reason for these differences in 

results may be differences in the treatments themselves. During DRO, participants could 

maximize the number of points that they earned by engaging in high rates of problem 

behavior, even when the overall treatment integrity level was as high as 90%. In contrast, 

participants experiencing a DRA treatment with errors of commission only can maximize 

points by continuing to respond on the richer reinforcement schedule—the FR1 for 

alternative behavior. Thus, DRA is a more “robust” treatment than DRO overall, as 

generally lower levels of integrity continue to support treatment effects.  
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 In addition to extending Experiments I through IV by examining a different type 

of treatment (DRA instead of DRO), Experiment V also extended prior research by 

examining a mixture of errors of omission and commission. Of the three types of 

treatment integrity examined in this experiment, combined errors of commission and 

omission were most detrimental to the treatment. This may be due to the change in 

responding required for maximization of point earnings as the degree of treatment 

integrity changed. As mentioned previously, participants in Group III allocated the 

majority of their responses to the richer reinforcement schedule. This result may have 

important implications for application because caregivers probably make both errors of 

commission and omission when attempting to implement DRA treatments. Particularly, 

caregivers with a long history of reinforcing problem behavior may be prone to 

reinforcing problem behavior on a relatively rich schedule and appropriate behavior on a 

relatively thin schedule, similar to the lower levels of treatment integrity experienced by 

Group III. If this is the case, those caregivers may see little to no improvement in the 

behavior, despite the attempt to implement a treatment.  

  The results from Group III also suggest some directions for additional research. 

For example, rates of problem behavior decreased and appropriate behavior increased 

when the level of treatment integrity changed from 40% to 60%. As discussed previously, 

this change in allocation makes sense in the context of the reinforcement schedules in 

place. However, it leaves the question: What would happen if both components of the 

DRA treatment were implemented at 50% integrity? If this were the case, there would be 

no difference between the programmed reinforcement rates for engaging in problem 

behavior versus appropriate behavior. For this reason, 50% integrity with both errors of 
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commission and omission may provide an ideal error schedule on which to assess 

possible sequence effects during treatment integrity failures. Therefore, the possibility of 

sequence effects during 50% integrity conditions was assessed during Experiments VI 

through VIII.  
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CHAPTER 9 
EFFECTS OF CONDITION SEQUENCE ON RESPONDING DURING DRA 
TREATMENT INTEGRITY FAILURES: HUMAN OPERANT WITH BRIEF 

EXPOSURES 

Procedure 

 The purpose of Experiment VI was to examine the possible sequence effects on 

responding during treatment integrity failures during DRA treatments. To do this, we 

compared responding on a 50% integrity condition with errors of commission and 

omission, following both baseline and full treatment conditions. 

  Eighteen undergraduate students agreed to participate in Experiment VI. Students 

participated for a total of 123 min, which included 2, 60-min blocks in the experiment 

with a 3-min break between blocks. Five participants were excluded because clear 

differentiation between baseline and DRA were not obtained or were not replicated. Each 

participant was exposed to baseline and DRA conditions similar to those described in 

Experiment V. During baseline conditions, engaging in problem behavior (clicking on the 

black circle) was reinforced on an FR1 schedule and engaging in appropriate behavior 

(clicking on the red circle) was on EXT. During DRA, these contingencies were reversed, 

such that appropriate behavior was reinforced on an FR1 and problem behavior was on 

EXT. Only one value of treatment integrity failure was used during Experiment VI: 50% 

integrity with errors of omission and commission. During this phase, there was a 0.5 

probability that problem behavior or appropriate behavior would be reinforced. This level 

and type of integrity failure was chosen based on the results of Experiment V, which 

suggested that a failure condition with equal probabilities of errors may be more 
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susceptible to sequence effects than error conditions that favored problem behavior or 

appropriate behavior.  

Results and Discussion 

The results of Experiment VI are shown in Figures 15 and 16. In both figures, 

responses are shown along the y-axis and consecutive minutes in the session are shown 

along the x-axis. The closed circles show rate of problem behavior, and the open squares 

show rate of appropriate behavior. The 50/50 condition label denotes the treatment 

integrity phases. In general, two patterns of responding were observed for the 13 

participants: responding during the error phase carried over from the previous phase, or 

responding “switched” from the allocation in the previous phase during the error phase. 

Figure 15 shows the results for participants whose response allocations during baseline 

and DRA carried over into the treatment integrity phases. All 5 of these participants 

engaged in higher rates of problem behavior during the 50/50 conditions that followed 

baseline than the 50/50 conditions that followed DRA.  

These results highlight the possibility that treatment integrity failures, particularly 

those that do not clearly favor one response over another, may be particularly detrimental 

if implemented following baseline. For example, it is possible that the reinforcement 

contingencies similar to baseline may be in place before a caregiver is trained to 

implement DRA. If the caregiver implements the DRA with 50% integrity following 

training, there may be no improvement in the problem behavior. Alternatively, if the 

caregiver can implement the treatment with a high level of integrity, at least initially, later 

treatment integrity failures may not be as detrimental. These sequence effects suggest that 

behavior analysts may want to focus training efforts on both the training itself and the 
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initial implementation of the DRA. Once the DRA has been successful, close monitoring 

(and high treatment integrity) may be unnecessary.  

 

Figure 15: Participants showing carryover from the previous phase 

The remaining 8 participants in Experiment VI did not show consistent carryover 

during the 50/50 conditions. Results from these participants are shown in Figure 16. 
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Carryover was observed in some phases for these participants, and seemed particularly 

likely to occur in the first exposure to the 50/50 condition following DRA (in which 

carryover was observed for 7 of 8 participants). However, as the experiment progressed, 

these participants responded in an unexpected manner during the 50/50 conditions: 

response allocation completely switched from the previous phase. In other words, 

participants would engage in primarily appropriate behavior in 50/50 phases that 

followed baseline, and primarily problem behavior in 50/50 phases that followed DRA. 

This change in allocation was observed for the second, third, and fourth exposures to 

50/50 for RV01 and RV06, the first and fourth exposures for RV19, the second and third 

exposures for RV05, the second and fourth exposures for RV13 and RV20, and the fourth 

exposure for RV03 and RV04. In almost all of these conditions, the participant engaged 

in high rates of one response and low rates of the other response throughout the phase. 

These abrupt changes in allocation may have been due to the reinforcement 

schedules that were used during the baseline and DRA conditions. As mentioned 

previously, we chose to use FR1 and EXT schedules in these conditions because those 

schedules were most commonly used in previous DRA research. However, it is possible 

that the continuous reinforcement schedule exerted enough control over responding that 

the introduction of the 50/50 condition signaled participants to change responding. For 

example, it could be that, once the condition changed from DRA to 50/50, the first 

unreinforced appropriate response resulted in the participant switching to problem 

behavior. Alternatively, it is possible that participants were engaging in very low rates of 

responding on the response alternative that was not currently being reinforced, and that 

the first reinforcer for this response resulted in a rapid change in response allocation. For 
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example, participants may click on the black circle (problem behavior) just a few times 

per minute, even during DRA conditions. When one of those responses is reinforced, the 

participant begins engaging in primarily problem behavior (clicking the black circle).  

The switching of response allocation observed in this experiment may also be due 

in part to the experimental arrangement itself. Because the ideal response pattern was 

alternation between problem behavior and appropriate behavior every 10min for the first 

four phases, it is possible that participants generated a rule about responding, such as 

“switch every 10min.” Although the participants did not have any exteroceptive means of 

timing the conditions, it is possible that the passage of time somehow exerted control 

over responding. We conducted Experiment VII to address the limitations associated with 

the fixed condition duration and the general limited exposure to the error conditions. 
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Figure 16: Participants showing some switching from the previous phase 
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CHAPTER 10 
EFFECTS OF CONDITION SEQUENCE ON RESPONDING DURING DRA 

TREATMENT INTEGRITY FAILURES: HUMAN OPERANT WITH EXTENDED 
EXPOSURES 

Purpose 

 The purpose of Experiment VII was to provide participants with more extended 

exposures to the baseline, DRA, and 50/50 conditions. Extended exposure may help 

determine the effects of treatment integrity failures and condition sequence over lengthier 

periods of time. Additionally, extending the exposure to conditions allowed the 

assessment of sequence effects on stable rates of responding. 

Participants and Setting 

 Three adults, ranging in age from 19 to 22, participated in Experiment VII. 

Participants were recruited through flyers placed around campus and in the community.  

In contrast to the previous experiments, participants were required to attend multiple 

appointments. During the first appointment, an experimenter briefly explained the 

procedures and approximate timeline of the study. Additionally, participants were told 

that they would earn money based on their point earnings in the experiment. Participants 

were paid either a minimum of $5 per hour, regardless of their point totals, or $1 for 

every 1000 points earned, whichever was greater. Participants could earn a maximum of 

$15 per hr based on their point totals. Appointments ranged in duration from 30min to 

3hrs. Each experimental session involved only one participant. All sessions were 

conducted in a laboratory room located in the Psychology Building, which was equipped 

with a computer desk, a computer, and a chair. 
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Method  

During their first appointment, participants were asked to read and sign an 

informed consent, which explained that the purpose of the study was to examine the 

effects of treatment integrity on common behavioral treatments.  Participants were also 

informed that the study may take from several weeks to several months to complete, and 

that they should be prepared for extended participation and multiple appointments. 

Payment structure was also reviewed during the first session; participants were paid by 

check every Monday for the sessions completed the preceding week, and generally 

picked up their checks at the start of their first appointment for the week. 

After participants read and signed the informed consent, they were asked to sit at 

the computer, and were read the following instructions:  

This is where you will be working. Remember to use only the mouse to earn as many points as 
you can. The more points you earn, the more you will be paid. Your points are displayed at the 
bottom of the screen as the score. Good luck! 
 

Each session was 10min in duration. At the end of each 10-min session, the participant 

notified the experimenter, who reset the computer while the participant took a 1-min 

break.  

The computer program was identical to the one used in Experiments V and VI. 

During the sessions, a red circle and a black circle moved in random directions around 

the computer screen. Both circles were 1in in diameter and moved at a speed of 25 mm/s. 

Clicking on the black circle was arbitrarily defined as engaging in problem behavior, and 

clicking on the red circle was arbitrarily defined as engaging in appropriate behavior. The 

conditions used in this study were identical to those used in Experiment VI: baseline, 

DRA, and 50/50. During baseline conditions, problem behavior was reinforced on an 

FR1 schedule and appropriate behavior was on EXT. During DRA, appropriate behavior 
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was reinforced on an FR1 schedule and problem behavior was on EXT. During the 50/50 

condition, there was a 0.5 probability of reinforcement for both problem behavior and 

appropriate behavior. The 50/50 condition followed baseline twice and DRA twice to 

assess possible sequence effects using a reversal design.   

Each condition was conducted until responding stabilized, or until 30 sessions 

passed and responding was not stabilizing. Stability was assessed using Kappa, which 

detects the degree of proportional change in responding (Johnston & Pennypacker, 1980).  

Kappa was chosen as the measure of stability because it can be used for both high-rate 

and low-rate responses. When the Kappa value ranged between 0.95 and 1.05, responding 

was considered stable (perfect stability yields a Kappa value of 1.0). For Ryko and Rojer, 

Kappa values were initially calculated based on the minute-to-minute response rates 

during the last 5min of each session. When responding was stable during the last 5min of 

a session, the next condition was started. However, this measure did not seem to be 

capturing stable responding, as considerable variability was still evident on a session-

wide basis. Therefore, starting with sessions 14 for Ryko and Rojer, Kappa values were 

calculated based on responding during the three most recent sessions for each condition. 

Kappa values for Regina were calculated based on the last three sessions throughout the 

experiment. 

Although the experimental design was originally a reversal design, this was 

impossible for Regina, who could not complete the experiment due to a move out of the 

area, which occurred near the completion of the 50/50 condition that followed baseline. 

Her departure also resulted in termination of that 50/50 condition before the designated 

30 sessions required for a phase. Additionally, an extra 50/50 condition following DRA 
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was conducted for Rojer (the final exposure to 50/50) because the prior 50/50 following 

DRA (sessions 116-121) was terminated before stability was attained due to an 

experimenter error. However, only 5 sessions were conducted in the extra DRA and 

50/50 phases because of time constraints. 

Results and Discussion 

 The results of Experiment VII are shown in Figures 17 and 18. In both figures, 

clicks per minute are shown along the y-axis, and sessions are along the x-axis. The 

closed symbols denote the rate of problem behavior (clicking the black circle), and the 

open symbols denote the rate of appropriate behavior (clicking the red circle). All 3 

participants engaged in high rates of problem behavior and low rates of appropriate 

behavior during baseline phases. As expected, this pattern of responding was reversed, 

with high rates of appropriate behavior and low rates of problem behavior, when DRA 

was implemented with full integrity. Responding became more variable during the 50/50 

phases. During most 50/50 sessions, participants allocated responding primarily to one of 

the two available circles, instead of allocating about half of the responses to each circle. 

This pattern of responding was similar to the allocation of responding to either problem 

behavior or appropriate behavior observed during Experiment VI. Another similarity to 

the results of Experiment VI is that most participants continued to respond on whichever 

response was reinforced first during the session. This resulted in a modest degree of 

carryover from the previous baseline or DRA phase in the beginning of the 50/50 

conditions. 

To better show the initial carryover in responding during the 50/50 condition, 

Figure 18 shows the rate of responding during the last five baseline or DRA sessions in a 

phase, as well as the first five 50/50 sessions in each treatment integrity failure phase, for 
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all participants. For Ryko and Regina, rates of appropriate behavior were initially greater 

than rates of problem behavior in both 50/50 conditions that followed DRA implemented 

with perfect integrity. Additionally, overall rates of problem behavior were greater than 

rates of appropriate behavior in the initial 50/50 sessions following baseline. For Rojer, 

response rates during the 50/50 condition carried over from the previous phase in two of 

the exposures to 50/50. In the first 50/50 session following DRA (session 32), however, 

rates of problem behavior were greater than rates of appropriate behavior. This may be 

due to the reinforcers provided during the initial 50/50 session. Examination of the first 

few seconds of session 32 showed that although the first responses were appropriate 

behavior, the first reinforcer followed problem behavior. A similar pattern of responding 

and reinforcer delivery was observed in the final replication of 50/50 following DRA 

(starting with session 184).  

 Overall, these data may have important implications for clinical practice, as they 

suggest that the contingencies in place before a treatment is implemented with errors may 

affect responding during the treatment integrity failure. As shown in previous 

experiments, treatment integrity failures seem less detrimental if the participant has an 

immediate history with the treatment implemented without errors. Rojer’s responding 

during the first 50/50 phase also has important implications, as it suggests that 

reinforcement schedules can exert considerable control over responding. During this 

phase, it seems as if Rojer allocated most of his responding to the first response type that 

produced a point in any given session. This suggests that individuals may revert to 

engaging in problem behavior, even following an immediate history with DRA 
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implemented without failures, if the appropriate response fails to produce reinforcers 

initially.  

 Like Experiment VI, the results of this experiment underscore the importance of 

monitoring caregivers to ensure high levels of integrity during the initial implementation 

of DRA. Implementing the treatment with an initial high level of integrity may reduce the 

harmful effects of later treatment integrity failures. However, it is important to note that 

the 50/50 condition was detrimental to the DRA treatment even when that condition 

followed DRA. None of the participants engaged in as much appropriate behavior, or as 

little problem behavior, during any 50/50 condition than during the DRA conditions. This 

suggests that the 50/50 level of treatment integrity failures is somewhat detrimental to 

DRA treatments regardless of the preceding condition.  

 One limitation of this experiment, and the preceding six experiments, is that they 

were conducted in a highly controlled laboratory setting, using an analog task with a non-

clinical population. Therefore, it is unclear whether the results of these experiments 

would be replicated with the populations who typically receive behavioral treatments. To 

address this limitation, Experiment VIII partially replicated Experiment VII in a school 

setting, with an adolescent boy referred for the assessment and treatment of aggression. 
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Figure 17: Session-by-session response rates for all 3 participants in Experiment VII 
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Figure 18: Last five baseline or DRA sessions in a phase and first five 50/50 sessions in a 
phase 
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CHAPTER 11 
EFFECTS OF CONDITION SEQUENCE ON RESPONDING DURING DRA 

TREATMENT INTEGRITY FAILURES: APPLIED REPLICATION 

Purpose 

 The purpose of Experiment VIII was to partially replicate the results of 

Experiments VI and VII in a school setting with a clinical participant population. Thus, 

this experiment was designed as one means of validating the results from the human 

operant laboratory. 

Methods 

Participant and Setting 

 One male adolescent with disabilities (“Jake”) participated in Experiment VIII. 

Jake was classified as trainable mentally handicapped (TMH), and was enrolled in a 

center school for children with disabilities. He was referred to a school-based treatment 

program for the assessment and treatment of aggression, which consisted of hitting others 

on the arm, and grabbing the breasts or abdomens of females.  

 All sessions were conducted in an empty classroom in Jake’s school. The 

classroom was equipped with tables, chairs, and leisure items appropriate for a variety of 

different ages and skill levels.  

Data Collection and Interobserver Agreement 

 Data for all sessions were collected using handheld computers and a program 

designed for real-time data collection. Observers were undergraduates or graduate 

students in behavior analysis, who had previously attained interobserver agreement (IOA) 
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of 90% or above for three consecutive sessions. Observers were typically seated in the 

corner of the classroom, about 5m away from Jake and the therapists.  

Data were collected on both the student’s and therapist’s behavior. Aggression 

was defined as hitting (physical contact between Jake’s open hand and the therapist’s 

body) and grabbing (Jake’s fingers closing on any part of the therapist’s body or 

clothing). Jake’s appropriate alternative response was a vocal greeting, saying “hi.” 

Because this alternative behavior occurred at very low levels before the start of the study, 

no new appropriate alternative responses were shaped for the purposes of this 

experiment. Both aggression and greetings were scored as frequencies. Therapist 

responses included attention delivery (therapist looked at Jake and made a vocal 

statement) and escape delivery (therapist stated “take a break,” removed instructional 

materials, and turned away from Jake).  

During 32% of functional analysis sessions and 44.6% of treatment evaluation 

sessions, a second observer simultaneously and independently collected data. 

Interobserver agreement was calculated by dividing each session into 10-s bins and 

comparing the number of responses scored within each bin across observers by dividing 

the smaller number of responses in that bin by the larger number of responses and 

multiplying by 100, yielding a percentage of IOA for that bin (Shirley et al., 1997). The 

percentages were then averaged across all bins in the session to yield an overall IOA 

percentage. During the functional analysis, the average IOA score was 98.5% (range, 

75.3-100%) for aggression, 100% for greetings, and 97.5% (range, 80.8-100%) for 

therapist behavior. During the treatment evaluation, the average IOA score was 93.3% 
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(range, 60.4-100%) for aggression, 91.6% (range, 64.5-100%) for greetings, and 84% 

(range, 72-95%) for therapist behavior. 

Data were also collected on treatment integrity. Treatment integrity was defined 

as the degree to which the therapist implemented the contingencies as designed. During 

the 50/50 phases, in which treatment integrity was deliberately manipulated, integrity 

scores were based on the randomized computer output, as described below. Treatment 

integrity for all sessions was 100%, except for session 13, during which one instance of 

problem behavior was reinforced.     

Functional Analysis 

 A functional analysis was conducted to determine possible reinforcers for Jake’s 

aggression. Initial functional analysis sessions were similar to those described by Iwata, 

Dorsey, Slifer, Bauman, & Richman, 1994, and consisted of play, attention, and escape 

conditions. During the play sessions, Jake had access to leisure items and continuous 

therapist attention. During attention sessions, Jake had access to leisure items, but the 

therapist ignored him until he engaged in aggression. Contingent upon aggression, the 

therapist provided a brief reprimand, such as “don’t hit me, Jake.” During escape 

sessions, the therapist asked Jake to engage in an academic task, such as letter sorting, 

using a three-prompt instructional sequence (verbal prompt, model, physical guidance, 

with 5s between prompts). Contingent upon aggression, the therapist allowed Jake to take 

a 30-s break from the task, signaled by the therapist saying “take a break” and removing 

the instructional materials.  

 When low or decreasing rates of problem behavior were observed in the initial 

sessions, additional session types were included. For example, Jake’s teacher reported 

that he was most likely to engage in aggression when she was talking with another 
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person, or during transitions, when people were frequently in close physical proximity to 

Jake. Based on these reports and classroom observations, three additional functional 

analysis conditions were included: neutral attention, proximity, and diverted attention. 

The neutral attention condition was identical to the attention condition described above, 

except the form of the attention was changed from a reprimand to a neutral statement, 

such as “what’s going on, Jake?” During the proximity condition, the therapist sat within 

0.5m of Jake, and moved away from him contingent on aggression. During the diverted 

attention condition, two therapists talked with each other. Contingent on aggression, one 

therapist turned to Jake and made a brief neutral comment, similar to those used in the 

neutral attention condition.  

Baseline 

 The baseline conditions were similar to the diverted attention functional analysis 

condition. Two therapists sat across the table from each other, with one therapist seated 

next to Jake (within 1m). The therapists talked with each other and ignored Jake until he 

engaged in aggression. Contingent on each aggressive response, one therapist would turn 

to Jake and made a brief neutral comment. Greetings were not reinforced. 

Differential Reinforcement 

An evaluation of DRA was conducted after the conclusion of the functional 

analysis. Because Jake had some verbal skills, saying “hi” was selected as his appropriate 

alternative response. Before the first DRA session, the therapist prompted Jake to greet 

her by saying, “Jake, if you want to talk to me, say hi.” When Jake said hi, the therapist 

turned to him and made a brief neutral comment. This prompting procedure was repeated 

a total of ten times before the start of the initial DRA phase. Prompts were never used 

after these initial ten trials. During DRA sessions, two therapists sat talking with each 
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other and ignoring Jake. The second therapist also collected treatment integrity data 

during all integrity failure sessions. When Jake said “hi,” one therapist turned to him and 

make a brief neutral comment, such as “what are you looking at Jake?” In contrast, 

aggressive responses never produced attention.  

Treatment Integrity Failure (50/50) 

 The 50/50 condition was included to examine the effects of sequence effects on 

responding during treatment integrity failures. During the 50/50 condition, 50% of 

aggressive responses and 50% of greetings resulted in brief therapist attention. During 

this condition, two therapists talked with each other and ignored Jake. The therapist 

seated across the table from Jake held a clipboard with a computer-generated sequence of 

which responses should result in reinforcement, and cued the therapist sitting closest to 

Jake. Reinforcers consisted of brief, neutral statements, similar to those provided in the 

baseline and DRA conditions. The 50/50 condition followed baseline twice and DRA 

twice to assess possible sequence effects using a reversal design. 

Results and Discussion 

Figure 19 shows the results of Jake’s functional analysis. Sessions are shown 

along the x-axis and rate of aggression along the y-axis. Although rates of problem 

behavior were initially elevated in the play, attention, and escape conditions, rates 

eventually decreased to near-zero levels. Following the introduction of the three 

additional test conditions (positive attention, proximity, and diverted attention), Jake 

engaged in elevated rates of aggression exclusively in the diverted attention condition, 

suggesting that adult attention served as a reinforcer for Jake’s aggression, particularly 

when two adults were talking to each other, but ignoring Jake. 
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Figure 19: Functional analysis results for Jake 

Figure 20 shows the results of Jake’s treatment analysis. Sessions are along the x-

axis and responses per minute of aggression and greetings are along the y-axis. The 

closed symbols show the rate of aggression and the open symbols show the rate of 

greetings. The asterisk above session 13 denotes an accidental treatment integrity failure, 

in which the therapist reinforced one instance of aggression. 

 During all baseline phases, rates of aggression occurred at moderate to high rates, 

and greetings occurred at low or decreasing rates. During the first exposure to DRA 

implemented with full integrity, rates of problem behavior spiked before reducing to low 

levels, and rates of greetings increased to moderate, stable levels. During subsequent 

DRA phases that followed baseline, problem behavior decreased to low rates and 

appropriate behavior increased to moderate rates. Based on these results, it seemed that 

DRA was an effective treatment for Jake’s aggression when implemented at full integrity. 
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 During the 50/50 phases that followed DRA, a mixture of problem behavior and 

appropriate behavior occurred, with some bias toward problem behavior. This result 

contrasts with previous studies (e.g., Vollmer, Roane et al., 1999), which showed that 

DRA had relatively robust effects when implemented at reduced levels of integrity. The 

bias toward problem behavior observed in the current experiment could be due to Jake’s 

extra-experimental history. Although no formal data were collected on the reinforcers 

available in Jake’s classroom just before and after sessions, therapists reported 

anecdotally that Jake’s teacher frequently attended to Jake’s aggression shortly after 

experimental sessions.  

 The results in the 50/50 conditions following DRA can be contrasted with the 

results of the 50/50 conditions following baseline. During the 50/50 following baseline, 

rates of greetings remained low or near zero, and rates of aggression remained high and 

stable. For Jake, treatment integrity failures (at least, the 50/50 condition used in the 

current experiment) were more detrimental to the treatment when they followed baseline 

than when they followed full treatment. These results suggest that the initial 

implementation of the treatment may affect responding during later integrity failures. 

Specifically, if caregivers initially implement a DRA treatment with a high level of 

integrity, later integrity failures may not be as detrimental. However, if a caregiver who 

previously provided a rich reinforcement schedule for problem behavior initially 

implements a treatment with moderate or poor integrity, problem behavior is unlikely to 

improve, as in the 50/50 conditions following baseline in the current experiment.  
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Figure 20: Treatment analysis for Jake 
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CHAPTER 12 
GENERAL DISCUSSION 

This series of experiments evaluated two types of differential reinforcement 

procedures commonly used in the treatment of problem behavior, using both human 

operant and applied preparations. The treatment procedures were evaluated both at full 

treatment integrity and at reduced levels of treatment integrity. Overall, both procedures 

were highly effective at reducing rates of problem behavior when implemented at full 

integrity. Although many types of possible integrity failures exist, two types of treatment 

integrity failures were evaluated in these studies. During errors of omission, earned 

reinforcers were periodically omitted. During errors of commission, problem behavior 

sometimes resulted in reinforcer delivery.  

In the current studies, a total of only 9 of the 72 participants were excluded 

because of a lack of response differentiation between baseline and treatment conditions. 

Most of the excluded participants failed to engage in problem behavior during baseline, 

so the effects of the treatment were impossible to evaluate. Therefore, it is likely that 

these participants were excluded because of the relatively weak reinforcer used in the 

human operant studies (points that were not exchangeable for any back-up reinforcers) 

instead of inadequacies in the treatment procedures.  

Overall, the results of all eight experiments suggest that although differential 

reinforcement procedures implemented at full integrity might be highly effective 

treatments, these treatment effects can be compromised when treatment integrity failures 

are made. When treatment integrity failures were in place, errors of commission were 
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consistently more detrimental than were errors of omission, regardless of the type of 

procedure being evaluated. In other words, it was more detrimental for problem behavior 

to occasionally result in the delivery of a reinforcer than it was for appropriate behavior 

(or the non-occurrence of problem behavior) to occasionally go unreinforced. This 

outcome is predictable if viewed in light of the actual reinforcement schedules in place 

during the error phases. During errors of omission, participants could maximize the 

number of points that they earned by completely refraining from engaging in problem 

behavior, which would guarantee loss of a reinforcer during the DRO, and never result in 

a reinforcer during the DRA. Therefore, errors of omission are akin to a thinned 

reinforcement schedule. However, during errors of commission, participants could earn 

additional points by engaging in problem behavior, making these phases akin to a 

concurrent schedule. During DRO commission phases, participants could maximize the 

number of points that they earned by engaging in moderate or high rates of problem 

behavior, regardless of the treatment integrity level. Errors of commission were probably 

not as detrimental to DRA as DRO because during the DRA commission phases, 

appropriate behavior was always reinforced on a richer schedule than was problem 

behavior. Once more reinforcers were available for problem behavior than appropriate 

behavior, as during the mixed omission/commission phases, treatment effects were 

compromised. 

The current experiments also demonstrated that the detrimental effects of 

treatment integrity failures can be attenuated through the development of specific 

histories with the participants. For DRO treatments, the effects of errors of commission 

were attenuated by providing a history with different stimuli correlated with perfect 
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integrity, and by gradually decreasing the treatment integrity level. In Experiment III, 

participants were provided with a history with several different stimuli, all of which were 

correlated with perfect treatment integrity. During this experiment, rates of problem 

behavior remained low even when treatment integrity decreased. It is possible that the 

effects obtained in this experiment were due more to the extended history with perfect 

integrity, regardless of the stimuli associated with the treatment, than to the history with 

multiple stimuli. Indeed, it seems that treatment integrity failures are less detrimental 

once responding is eliminated during the DRO. This possibility was not examined in the 

current studies, and should be a topic of future research. During Experiment IV, the level 

of treatment integrity was gradually reduced, which seemed to reduce the effects of errors 

of commission for several participants, although the results were not as consistent as 

those obtained in Experiments I through III. Nonetheless, it seemed possible that the 

sequence in which the conditions occurred could impact the degree to which treatment 

integrity failures were detrimental.  

When treatment integrity failures were introduced to the DRA treatment, a 

combination of errors of omission and errors of commission were most detrimental. This 

was particularly the case when the reinforcement contingencies favored problem behavior 

over appropriate behavior. Prior research on treatment integrity failures in DRA 

treatments showed that the treatment was generally robust, but that sequence could be a 

problem (Vollmer, Roane et al., 1999). Based on the results of Experiment V, described 

above, it seemed most likely that condition sequence may affect responding during error 

conditions in which the reinforcement schedules did not favor problem behavior or 

appropriate behavior. Therefore, Experiments VI through VIII evaluated the effects of 



84 

 

condition sequence on a treatment integrity failure in which both problem behavior and 

appropriate behavior had a 50% chance of resulting in a reinforcer. The results of 

Experiments VI through VIII showed that condition sequence did influence results. In 

general, treatment integrity failures seemed to have less of an impact on treatment effects 

when failure phases followed DRA than when they followed baseline. Although 

unexpected switching of response allocations were observed in Experiment VI and VII, 

the changes in responding are probably due to the continuous reinforcement schedules 

used during baseline and DRA at full integrity. Continuous reinforcement schedules were 

used in these studies because they are the most common in prior research on DRA, but it 

is possible that they exerted strong stimulus control over responding, such that the first 

unreinforced response resulted in switching to the alternative behavior, or the first 

reinforced alternative behavior resulted in further alternative responding. The likelihood 

of switching should be examined in future studies using baseline and DRA schedules 

other than FR1. 

In addition to the results relating directly to treatment integrity failures, the 

current studies also have implications for the utility of human operant methods in 

examining problems with applied significance. The human operant procedures used in 

these studies allowed for the rapid generation of data sets, a high degree of control over 

relevant variables, and the ability to test a wide range of variables without exposing at-

risk participants to potentially detrimental experimental manipulations, such as reduced 

levels of treatment integrity. During Experiments I through VI, each individual 

participant’s data set was completed in just over two hrs, resulting in rapid generation of 

complete data sets. Although limited by brief exposures to the contingencies, the results 
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from these experiments can suggest which variables are influencing responding, and 

which are not. The most influential variables can then be tested using either more 

extended exposures in the human operant laboratory (as in Experiment VII), or in 

application (as in Experiment VIII).  

Another benefit of the human operant preparation was the high degree of control 

over the relevant variables, including stimulus presentation of both antecedent stimuli and 

reinforcers. This allowed for the programming of exact levels of treatment integrity 

failures. Although programming comparable levels of treatment integrity in application 

was possible (Experiment VIII), it required two therapists to implement the procedures, 

and procedural integrity was still not exactly 100%.  

Finally, the human operant preparation used in these studies allowed for testing a 

wide variety of different types and levels of treatment integrity failures without exposing 

at-risk populations to degraded treatments, at least at first. Also, fewer applied 

replications may be necessary to convincingly demonstrate effects when a large number 

of consistent results from the human operant laboratory are available. Experiments VI 

through VIII provide a model for this type of “translational” research methods. In these 

experiments, similar results were demonstrated across both human operant and applied 

preparations. However, Experiment VIII contained data from only 1 participant referred 

for the treatment of problem behavior. Data from this participant were consistent with the 

general pattern of results observed in Experiments VI and VII, but did not include any 

examples of the allocation switching observed in those experiments. Therefore, further 

applied replications of the results in Experiments I through VII are needed to demonstrate 

the generality of results obtained in the human operant laboratory.  
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There are several other limitations of the current experiments that should be 

noted. In particular, there are several limitations associated directly with the use of an 

analog procedure in the human operant laboratory. First, the response chosen, a mouse 

click, was a simple response that existed in all participants’ repertoires. Although 

participants were not specifically instructed to click the mouse, they were told to “use 

only the mouse to earn as many points as possible.” The reinforcement contingencies in 

place, in conjunction with this instruction, frequently resulted in very high response rates, 

which often exceeded 200 responses per min and occasionally exceeded 1000 responses 

per min. These rates are well above those typically observed when treating problem 

behavior, and may have influenced the outcome of the human operant studies. 

Second, the reinforcer used in Experiments I through VI may have been relatively 

weak to the participants. In all six experiments, points alone were used as the reinforcer 

for responding. Points were not exchangeable for any back-up reinforcers. As mentioned 

previously, use of a relatively weak reinforcer may have ultimately resulted in the 

exclusion of 9 participants from this series of studies. Researchers should examine 

differences in responding when a relatively more valuable reinforcer is used. However, 

this limitation is probably minor given that points alone did seem to maintain responding 

at high rates throughout the experiment for most participants, and given that similar 

results were obtained in Experiment VII, in which points were exchangeable for money, 

and Experiment VIII, which used the functional reinforcer for problem behavior.  

Third, the duration of exposure to the contingencies in Experiments I through VI 

may have influenced the outcomes of those studies. Specifically, participants were 

typically exposed to each phase for only five to ten min, and phase changes occurred at 
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set points in time, regardless of the pattern or rate of responding. Therefore, phase 

changes often occurred when behavior was on an upward or downward trend. Also, the 

rates of responding captured in these experiments included transition states, as 

responding may not have stabilized before the change in phase. Researchers should 

attempt to replicate these results using more extended exposures, and conducting phases 

until responding stabilizes. However, it should be noted again that results of Experiment 

VII, which did conduct phases to stability, did not differ dramatically from those obtained 

in Experiment VI. 

A final limitation of the human operant procedure was the inclusion of only 

college students or college-age participants in Experiments I through VII. It is possible 

that another participant demographic may respond differently. For example, treatment 

integrity failures may affect individuals with developmental disabilities or limited verbal 

skills differently than the high-functioning participants included in these studies. In 

particular, it is possible that many of the participants in the current experiments generated 

some kind of rule about responding. Therefore, it would be important to replicate these 

results with different populations.  

Other limitations are based on the specific procedures used in these experiments, 

independent of the human operant preparation. For example, the baseline and differential 

reinforcement schedules were restricted to only one set of parameters. For the DRO 

treatments, a value of 15s was used for the DRO, while all baseline sessions were FI 15s. 

For the DRA treatments, FR1 and EXT schedules were used in baseline and treatment. 

As mentioned previously regarding the DRA treatment, different parameters of the 

baseline and treatment schedules may have resulted in different patterns of behavior 
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during the treatment integrity failure phases. For example, intermittent baseline and DRA 

schedules may have reduced or eliminated the switching observed during treatment 

integrity failures. Similarly, different values of the baseline and DRO treatment, 

including either richer or leaner schedules, may have changed responding during errors of 

commission and omission. 

Another limitation of the current experiments is that only two types of possible 

errors were examined: errors of omission and commission. In these studies, these errors 

occurred according to probabilistic schedules, which resembled random ratio schedules. 

This frequently resulted in very high reinforcement rates during commission phases, 

which probably contributed to the detrimental effects of those errors. However, 

probabilistic schedules are only one way that errors of omission and commission might 

occur. These errors could also occur based on a variety of different other types of 

schedules, including interval-based schedules. The use of interval-based treatment 

integrity failures would limit the degree to which participants could maximize reinforcers 

by responding at high rates during errors of commission. Indeed, results from preliminary 

studies now being conducted suggest that interval-based errors are not as detrimental as 

probabilistic-based errors. Second, errors of omission and commission are only two types 

of possible errors that may occur. Other errors might include differential delays to 

reinforcement, differential reinforcer magnitudes, or alternating periods of full treatment 

and no treatment. Future research should carefully examine parametric variables 

associated with errors of omission and commission, as well as different types of treatment 

integrity failures.  
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Despite the limitations, the results of the current experiments have important 

implications for application. First, the effects of errors on differential reinforcement 

procedures could be used to inform caregiver training. Currently, many caregiver training 

procedures stress the importance of delivering reinforcers following appropriate behavior, 

or following some specified period of time in which no instances of problem behavior 

occurred. However, the results of the current experiments suggest that accidentally failing 

to deliver an earned reinforcer (an error of omission) is probably not highly detrimental to 

the overall treatment effects. Caregiver training procedures may instead focus on the 

importance of the EXT component to differential reinforcement procedures. If caregivers 

do not implement this component with a high level of integrity (in other words, if they 

make errors of commission), the treatment effects could be degraded. Unfortunately, 

EXT is not always possible, such as with dangerous behavior reinforced by social 

consequences. Thus, evaluations of differential reinforcement procedures that are aimed 

at minimizing the reinforcement for problem behavior, rather than eliminating it, are 

warranted.  

Second, the results also imply that initial monitoring of caregiver’s 

implementation of procedures may improve the chance that treatments later have more 

robust effects. Monitoring and feedback during initial implementation could have two 

overall effects on the treatment. One, it could increase the overall levels of integrity with 

which the caregiver implements the procedure over time by providing a solid training 

foundation. Therefore, treatment integrity failures may never become an issue because 

the caregiver consistently implements the treatment with a high level of integrity. Two, 

monitoring may help ensure a high degree of treatment integrity during the initial 
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implementation of the treatment. Results of Experiments III, IV, VI, and VII suggest that 

later treatment integrity failures may not be as detrimental to treatment effects if they 

follow a period of time in which treatment integrity was consistently high. Unfortunately, 

this implies that caregiver training procedures may be initially time-intensive to ensure 

the best long-term outcome. Future research should examine the types and levels of 

treatment integrity failures made by caregivers, following a variety of training 

procedures. 

In conclusion, the methods used in the current studies seemed useful for studying 

ethically complicated questions like those related to treatment integrity. Across all eight 

experiments, reduced levels of treatment integrity had at least minor detrimental effects 

on responding, suggesting that the degree to which a treatment is implemented as 

designed can have substantial influence over responding. The current studies may help 

inform future treatment integrity research, which could focus more on errors of 

commission and combined errors than errors of omission alone.  

Despite the consistent effects of treatment integrity on responding, few studies 

have examined the effect of different types and levels of integrity failure on responding. 

Future research could examine different types of treatment integrity failures, and 

parametrically manipulate the values of the failures. Additionally, more research is 

needed on the effects of treatment integrity failures on other types of behavioral 

treatments, such as noncontingent reinforcement procedures. Finally, the types and levels 

of integrity failures occurring in application should be examined through descriptive 

studies. The values obtained through these descriptive analyses could then be replicated 

and manipulated in the laboratory. 
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