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The present study examined operant extinction in a controlled setting using a 

human operant paradigm. Participants watched a preferred video.  During the video, 

either the video or audio portion of the video was selectively removed, on average every 

15 s.  Participants could restore the video by pressing a force transducer.  In one group, 

relatively low forces were required (250 g) and in the other relatively high forces were 

required (750 g).  At the 20th and 30th minute during the session, the video or audio was 

removed but the participants could not restore the component for 30 s. The results 

showed that responding during the probe increased relative to 30-s periods prior and 

following the probe, characteristic of an extinction burst.  The results also showed that 

overall we saw increases in force under high force conditions during extinction when 

presses no longer produced sound or video, and force changed little during the low 

force conditions. We conclude that extinction bursts are a robust phenomenon that can 

be demonstrated in humans.  Additionally, the topographies, i.e. force, established 

during baseline and the modality of the consequence appear to be two variables 

determining the short-term course of extinction. 
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INTRODUCTION 

Extinction is a procedure that eliminates the contingency between a response 

and a reinforcer, therefore; a target behavior that is no longer reinforced will decrease in 

the frequency over time (Cooper, Heron, & Heward 2007); (Lerman & Iwata, 1996). 

Responding in the beginning of extinction is similar in frequency, magnitude, etc. After 

extinction is implemented, responding gradually becomes less frequent and more 

sporadic. When sporadic responding occurs the targeted behavior may increase in 

frequency, force, or change topography etc., although the function remains the same 

(e.g., Herrick, 1965; Hurwitz, 1962; Warren & Brown, 1943).  

 Extinction has shown to be effective in decreasing the frequency of behaviors 

such a self-injurious behavior, physical aggression, and other problematic behaviors 

(Miltonberger, 1994). Although extinction may be a useful procedure for eliminating 

behavior in the long-term, there are a number of “side effects” that accompany 

extinction in the short term (Lerman & Wallace, 1999). Although the side effects 

generally are restricted to early periods once the contingency has been suspended, 

they nevertheless can pose important threats to treatment. One prominent side effect is 

extinction-induced aggression (i.e. an increase in aggression towards other organisms 

or innominate objects) (Lerman, Iwata & Wallace, 1999). The second is a short-term 

increase in responding, commonly termed the “extinction burst” (Skinner, 1938; 1953; 

Lerman et. al 1995; Lerman et al. 1999). Extinction bursting comes early during the 

extinction process, and the levels of the response bursts or extinction-induced 

aggression are greater at the onset of extinction (Lerman & Wallace, 1999).   
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There have been cautions against using extinction as a single treatment for 

maladaptive behaviors because of the side effects induced (Miron, 1973). Typically, the 

field has attempted to eliminate potential side effects by combining extinction 

procedures with other procedures (e.g., Ducharme & Van Houten, 1994; Kazdin, 1994; 

Martin & Pear, 1992; Lerman et al., 1996). Differential reinforcement of other behavior 

(DRO), is a schedule of reinforcement that reinforces the absence of a targeted 

response for a specific duration of time (Cooper, Heron, & Heward, 2007). Non-

contingent reinforcement (NCR), is the delivery of reinforcement irrespective of the 

occurrence of the target response, manipulates the antecedents, and the behavior 

selected for reduction ceases to occur because the motivation operation is no relevant 

(Mason and Iwata, 1990), differential reinforcement of alternative behavior (DRA), is 

implemented by programming extinction for a target behavior, while simultaneously 

arranging for reinforcement to be contingent on an alternative response (e.g., 

Liebenberg, Rawson, & Bath, 1970; Vyse, Rieg, & Smith, 1985), and differential 

reinforcement of incompatible behavior (DRI), is reinforcing appropriate behaviors that 

are incompatible with the problem behavior (i.e. reinforcing an appropriate behavior that 

cannot be done at the same time as the problem behavior) (Vollmer, Iwata, Zircon, 

Smith, & Mazaleski, 1993). Punishment has also shown to be effective in reducing 

behavior that is extremely resistant to extinction (Baroff & Tate, 1968; Lovaas & 

Simmons, 1969; D. Williams, Kirkpatrick-Sanchez, & Iwata, 1993). Lerman et al. (1999) 

also analyzed the prevalence of extinction bursts of SIB and physical aggression of 41 

participants who received treatment for SIB and aggression. The data showed extinction 
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bursting occurred for approximately 50% of the participants. Extinction bursting was less 

likely to occur if extinction was implemented as a treatment package.   

While a technology of implementing extinction may be of great benefit to address 

urgencies in clinical research, the general strategy leaves the variables responsible for 

extinction-induced behavior unknown. In fact, combinations of extinction with 

other behavior modification procedures use arbitrary positive reinforcement techniques 

to superimpose those procedures on top of these unknown contingencies (Mace, 1994). 

The fact that the term side effects itself is often invoked to describe various extinction-

related behaviors indicates that they are a nuisance—something to be eliminated rather 

than studied in in its own right; for this reason, we prefer the term “extinction-induced” 

behavior.  In addition to a technology of extinction, we suggest the field would benefit 

from a functional analysis of the variables responsible for extinction-induced behavior, 

which would serve to illuminate variables responsible for such behavior. There are 

several reasons such a refocusing on functional relationships might be important.   

First, there is some discrepancy in regard to the species generality of extinction-

induced behavior. Lerman & Iwata (1995) analyzed 113 published and unpublished 

studies using extinction in basic and applied research. They reviewed the prevalence of 

extinction burst in clinical research, and determined that extinction bursts were not as 

prevalent in human behavior as would be expected based on its widespread occurrence 

in animal literature. Lerman et al. 1999 stated that the prevalence of extinction bursts 

across the basic and applied data sets of Lerman & Iwata’s 1995 findings may have 

been differentiated due to the methodological differences among the 113 cases (i.e. 

data calculation, presentation of methods, and session length). Lerman et al. 1999 
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stated they saw slightly more prevalence of extinction burst during their analysis 

compared to the Lerman and Iwata, 1995 analysis (i.e., 39% vs. 24%). They suggested 

that the differences in their results may have been due to the variations in the session 

lengths (i.e. 10-15 minutes compared to several hours). Lerman et al. 1999 explain that 

extinction bursts are short lived and occur in the beginning of extinction, therefore; they 

may be obscured or under-analyzed in data that are recorded over longer durations of 

time. A closer examination of extinction burst under controlled conditions with short 

session durations is warranted to evaluate extinction burst in their own right.  

Studies in non-human subjects have shown that the response effort during the 

acquisition of a response may increase or decrease the resistance to extinction (e.g. 

Applezweig, 1951). Mowrer & Jones (1943)  showed the behavior of rats pressing a 

lever that manipulation of the load (0.5 g, 42.5 g, or 80 g) of a weighted lever during 

acquisition and extinction. They found that resistance in extinction was inversely related 

to weight of the lever and the effort of presses to obtain reinforcement during 

acquisition. Aiken (1975) also found a similar relationship between effort and extinction 

by alternating the weight of a swinging door during acquisition and extinction. Their 

results show that the rats were less resistant to extinction when going from low effort 

responses in acquisition to high effort responses in extinction, compared to high effort 

responding in both acquisition and extinction. Rats that went from high effort responses 

in acquisition to high low effort responses in extinction were more resistant to extinction, 

compared to rats who were introduced to low force in both acquisition and extinction 

conditions. The research implies that the effort required to obtain reinforcement during 

acquisition of a response may determine the type of responding that occurs during the 
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extinction of a response (i.e. the prevalence of extinction bursts). If a response requires 

exceeding amounts of effort or force to acquire reinforcement when the target behavior 

it is first acquired, extinction bursts are greater in effort, frequency, magnitude, force 

etc., when the reinforcement contingency is terminated (Lerman et al., 1996). Thus 

responding that requires larger amounts of effort during acquisition may be more 

resistant to extinction, and extinction burst of the target behavior may be more 

prevalent.  

One of the reasons that extinction bursts may seem more prevalent in animals 

are the difference in force, frequency, etc., as it is related to the acquisition of the 

response. This question raises the need for a functional/experimental analysis of 

extinction burst. Beginning with basic experimental research conducted in a laboratory 

setting is desirable for advancement in the experimental research of extinction bursts. 

Laboratorial research is ideal for obtaining a basic understanding of extinction burst, 

because experimental variables can be tightly controlled (e.g. acquisition of responding, 

reinforcement contingencies, motivation, reinforcement schedules, magnitude and 

topography of target responses), and this fact is supremely important in the examination 

of force and effort in extinction as topography can be finely delineated. The intentions of 

this research are to provide an analysis of the relationship between extinction bursts 

and force using a human operant paradigm and to extend research that questions the 

lawfulness and generality of extinction burst across species. 



6	

METHODS 

Participants 

Participants were undergraduates from the University of North Texas, who 

received course credit for participation. Participants were asked to participate in an 

experiment examining how various distractions affected engagement with video 

content. There were 26 participants’ 19 females and 7 males. Each participant received 

informed consent before their session began, and were debriefed after their session 

ended. All procedures were approved by the Institutional Review Board at the University 

of North Texas. 

 Materials and Setting 

Experimental sessions were conducted in a small room. The room measured 

approximately 2.5 m2. A small table was placed against the wall. Upon the table was a 

19-in color monitor connected to a PC computer that was located on the floor 

underneath the table. Attached to the table was an aluminum bracket that held an 

isometric force transducer. Attached to the sensing shaft of the transducer was an 

aluminum knob. The knob was approximately 10 cm above the top of the table and 

measured 3 cm in diameter. The knob was situated so that it faced up toward the 

ceiling, and so could be pressed downward. Signals from the transducer were amplified 

and digitized using a data acquisition card (USB 6009, National Instruments, and 

Austin, TX) connected to the computer. The sampled data were sampled 20 times per 

second. The resolution of the system, (i.e. the smallest change in force that would be 

detected was 2 g). For the purposes of this experiment, the threshold for response 
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detection was set to 25 g. Custom developed software written in Labview (National 

Instruments, Austin, TX) provided for the programming of stimuli and data recording. 

Procedure 

 Preference Assessment 

Initially, all participants were given a preference assessment to determine which 

video he/she watched. The assessment presented titles of recent popular television 

shows. Below each title was an analog visual scale that ranged from 0 to 100, marked 

off in steps of 20. The participants were told they could watch the pilot episode of any of 

the listed shows and should indicated their interest in watching by placing an “X” on the 

scale, where 0 reflected “No Interest” and 100 reflected their “Highest Interest” in 

watching the show. There was also a small box next to each scale, which he/she 

checked if they had previously seen the show so we could determine if interest was due 

to the individual’s history with the show or if high interest was due to some other 

experience other than direct contact, e.g. advertisements. The experimenter left the 

room while the participant filled out the assessment. After collecting the assessment the 

experimenter selected the show that was the highest rating above 80. If two or more 

shows were rated the same on the scale above 80, the experimenter selected the show 

that had not been viewed before. If all videos had been viewed or not viewed the 

experimenter randomly selected the video. In almost all cases, the highest rates show 

had been seen by the participant. There were only a few cases where the participant 

indicated low interest in all of the available shows, defined as no show being rated 80 or 

above. In that case, the participant was allowed to participate in the study for course 

credit, but the data were excluded from the analysis. 
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 Experimental Sessions 

Once the preferred video was identified, the experimenter left briefly to initialize 

the program parameters and returned to the participant. Participant’s personal items 

were stored in a locked cabinet, so no phones or other computers were allowed with 

them in the experimental room. Participants were led to the room and were seated in 

front of the table and monitor. Before the session began the following instructions were 

visible on the screen and the experimenter read them to the participant: “You will watch 

a video. During the video, playback may be interrupted or disrupted. You must figure out 

what to do. I will return for you when the video is over. Do you have any 

questions?” The experimenter waited for questions from the participant. General 

questions, e.g. “I’ll get credit, right?” or “Are their cameras in here?” were simply 

answered. Questions about the experiment, e.g. “What do I do?” were answered with “I 

cannot tell you what to do, you must figure out what to do.” When all questions were 

answered, the experimenter read the final statement on the instructions “When you are 

ready to begin the study, press the knob in front of you.” After the participant pressed 

the knob with enough force to meet the criterion for that condition the video began and 

the experimenter left the room.   

            For each session, the video played normally for the first 60 s of the video. After 

that time, certain events were programmed depending on the individual conditions. For 

participants in the Video Production conditions, the video disappeared, leaving a white 

background, while the sound continued to play normally. Interruptions were 

programmed on a VT 15-s schedule using a 5-item rectangular distribution. Whenever 

the participant pressed the transducer with sufficient force, the video was restored. For 
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participants in the LOW condition, the force criterion was set to 250 g; for participants in 

the HIGH condition, the force was set to 750 g. The values used were determined over 

the course of earlier pilot work. Presses that exceeded the force criterion restored the 

video. Note, regardless of the state of the video feed, the VT schedule continued to 

operate, i.e. the schedule did not stop timing when the video was removed. For 

participants in the Sound Production conditions, sessions operated similarly except that 

the video feed played normally but the sound volume was reduced to zero (no 

sound). As in the Video Production conditions, sound could be restored by presses 

meeting the 250-g (LOW) or 750-g (HIGH) force criterion. Thus, each participant 

participated in one of four conditions: Video Production, Low Force, Video Production, 

High Force, Sound Production, Low Force and Sound Production, High Force. The 

condition chosen was determined randomly.  

 Extinction Probes 

After 20 minutes, the program arranged for a single 30-s extinction probe. At the 

onset of the probe, the video or sound feed was removed, but the participant could not 

restore playback for 30 s. We chose the value of 30 s based on previous pilot data to 

select a value that would allow us to observe behavior under extinction, but would not 

be so long as to eliminate behavior entirely. For example, in some of our early pilot 

work, extinction probes lasted 60 s, but we found responding for several participants 

ceased altogether for the remainder of the session. The value of 30 s ensured some 

responding still occurred at the end of the probe. Following an additional 10 minutes 

under the normal experimental session, a second extinction probe was conducted, 

identical to the first. After each extinction probe the video or sound could only be 
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produced again by a response made to the force transducer. After the extinction probe, 

data were recorded for 5 further minutes and then stopped. The actual videos varied 

from 38 – 60 minutes, but all videos were truncated to the 35 minutes for 

consistency. After the session ended, the experimenter returned for the participant and 

took them to a different room and returned his/her belongings, debriefs the participant, 

and answered any questions.   

 Data Analysis 

              A response was indicated whenever the forces on the transducer exceeded 

and fell below 25 g. As discussed by Notterman and Mintz (1965) this yields several 

quantitative dimensions of behavior, the peak force (g) is the maximal force exerted 

during the response, duration (s) is the time from response onset to offset, and the time-

intergral-of-force (TOF) is the integral of force over the duration (g-s).   

            Our primary interest in the present study was how responding changed during 

extinction, and we planned to approach the data in two ways. First, we took a 30-s 

window beginning at 10 minutes into the session to define a period of baseline 

responding. Additionally, we took the 30-s periods prior to and after the periods at 10, 

20, and 30 minutes into the session to provide measures of local responding just before 

and after extinction probes. We examined the quantitative dimensions of the response 

at each of the time epochs identified for the 10th, 20th, and 30th minute using mixed-

model ANOVA. We also computed secondary analyses of overall response rate and 

cumulative performance during the session to provide a full characterization of the data. 
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RESULTS 

 Cumulative Presses 

Figure 1. shows cumulative response records for each participant for all four 

conditions. Under the Video Production, Low Force condition, all of the participants 

show a steady increase in cumulative presses over time. Responding often changed 

abruptly early in the sessions, but within a few minutes, response rates were relatively 

stable for most of the session. Similar patterns in the other groups show relatively stable 

patterns in responding across the session. A comparison of records across the different 

conditions indicates response rates were greatest in the Video Production, Low Force 

condition, and there were no noticeable differences among the remaining groups in 

terms of overall output.   

Recall, extinction probes were conducted at 1200 and 1800 sec (20 and 30 min 

into the session). The Video Production, High Force condition presented in the upper 

right hand corner showed steady rates of responding over time with some visible 

“jumps” in the record at the time of extinction probes. For the Sound Production, Low 

Force conditions, the data show that two participants showed steady increases in 

responding over time. At this level of analysis, only one participant showed visible 

extinction bursts during both 30 second extinction periods. The data for the Sound 

Production, High Force condition are presented in the lower right hand corner of Figure 

1. One participant shows steady increases in cumulative presses over time. The other

participants’ show steady states of responding during baseline. One participant shows a 

steady increase in cumulative presses after the 1st extinction period. Another participant 

shows large jumps up in cumulative presses that are visible in the slope during 1200 
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and 1800 (i.e. both extinction periods); responding resumes to a steady state after each 

extinction period. 

Cumulative Force 

Figure 2. shows cumulative force records for each participant for each condition, 

paralleling the response frequency records shown in Figure 1. All of the graphs show 

the cumulative force of presses plotted against time in the session for each group of 

participants under the four conditions. The data analysis for the Video Production, Low 

Force condition is represented in the graph located in the upper left hand corner of Fig. 

2. One participant shows a high increase in cumulative force during baseline. The

participant’s responding remains steady with jumps up in the cumulative record during 

both extinction periods. The remaining participants under this condition showed steady 

increases in cumulative force over time. Data presented in the upper right corner of Fig. 

2, show that all of the participants under the Video Production, High Force displayed 

steady increases in cumulative force over time. Many of the participants show visible 

jumps in cumulative force on the cumulative record during periods of extinction. 

Participants under these conditions seem to be the most affected by force conditions. 

The data analysis for the Sound Production, Low Force condition is presented in the 

lower left corner of Figure 2. The data show that participants under this condition were 

least affected by force conditions. At this level of analyses responding appears to have 

remained steady over time with no visibly significant increases or decreases in 

cumulative force overtime. The graph in the lower right corner of Figure 2. analyzes the 

data for the Sound Production, High Force condition. Two of the participants displayed 

large jumps up in cumulative force on the slope of the cumulative records during periods 
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of extinction. Three other participants displayed steady states of cumulative force 

throughout the session. 

Extinction Graphs, Presses 

The session-wide analysis revealed some obvious, abrupt changes in both rate and 

force during the extinction probes. At the same time, the long duration of the session, 

relative to the probes, may have obscured smaller changes in records for some 

participants. We took a simple approach to defining extinction bursts, we simply asked if 

the local forces during the 30-s period of extinction exceeded forces during the 30-s 

preceding and following extinction. We computed the number of presses in the 30-s 

periods prior, during, and following extinction and then tallied the number of times the 

extinction probe yielded the highest value across all three periods for each 

participant.  A summary of the findings are shown in Table 1.  Note, the 10th minute was 

taken as a control period, (i.e. extinction was not programmed during the 30-s probe).  

Table 1. Number of observations of increased responding during the 30-s probe period. 

Minute Sound, High 
N=6 

Sound, Low 
N=6 

Video, High 
N=7 

Video, Low 
N=7 

Significance 

10th 2 1 3 3 p > .05 
20th 4 5 5 6 p < .001 
30th 6 5 6 4 p < .001 

A graphical representation of responding during each 30-s period is shown in 

Figure 3. Summary data are shown in Table 1. For comparison with the extinction 

probes, the 10th minute of the session is shown along with data from the 20th and 30th 

minutes, i.e. (those periods where extinction was implemented), and serves as a control 

period. The data from the Video Production, Low Force data analysis are presented in 
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the upper left corner of Figure 3. The data show that 4/7 participant’s presses increased 

during baseline measures recorded at the beginning of 10 minutes for 30 seconds. 

During the 1st extinction 4/7 participants showed extinction bursting. During the 2nd 

extinction period 4/7 participants showed extinction bursting. 

The results of the Video Production, High Force analysis are in the upper right corner of 

Figure 3. This data show that during baseline probes 5/7 participant’s presses increased 

during the baseline probe during the 10th minute. During the 1st extinction 6/7 

participants’ showed extinction bursts. In the 2nd extinction period 7/7 participants 

showed extinction bursts. The analyses for Sound Production, Low Force are 

represented in the graph located in the bottom left corner of Figure 3. During baseline 

measure in the 10th minute only 2/6 participants showed increases in presses. In the 1st 

extinction period 5/6 participants showed extinction bursting. Only 3/6 of the participants 

demonstrated extinction bursts during the 2nd extinction period. The analysis for sound 

production high force conditions are represent in the lower right graph of fig. 3. During 

baseline measure in the 10th minute only 3/6 participants showed increases in presses. 

In the 1st extinction period 4/6 participants showed extinction bursting. And in the 2nd 

implementation of extinction 5/6 of the participants’ demonstrated extinction bursts in 

presses.  Collectively, there were no obvious differences in the frequency of extinction 

bursts across groups, so groups were collapsed and analyzed by each minute.  Sign 

tests on the total number of observations indicated that observations during the 10th min 

were not significantly greater than expected by chance, while observations obtained for 

the 20th and 30th minutes were significant. 
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            Table 1 and Figure 3. speak primarily to the frequency of extinction bursts.  To 

illustrate differences in magnitude of effects, Figure 5. plots the number of responses 

during the control period and extinction periods for each participant. For the control 

period, the number of responses was averaged over the 30-s pre and post extinction 

period. Each graph shows the control and probe data for the 10th, 20th, and 30th minute 

of the session. As indicated previously, for the Sound conditions, the low-force condition 

tended to produce larger magnitude bursts than the high-force condition, particularly in 

the extinction probe conducted at minute 30. Extinction bursts were also observed in 

several cases in the Video Production conditions, but they were not differentiated 

between the low and high force requirements. 

Extinction Graphs, Peak Force 

Figure 4. shows average peak force (kg) per response as a function of time. For 

the Video Production, Low Force condition, the data show that 4/7 participants 

cumulative peak force increased during baseline measures recorded at the 10th minute. 

During the 1st extinction 4/7 participants showed extinction bursting in cumulative peak 

force. During the 2nd extinction period 4/7 participants showed extinction bursting. The 

results of the Video Production, High Force analysis are in the upper right corner of fig. 

4. This data show that during baseline probes 5/7 participant’s presses increased during

the baseline probe during the 10th minute. During the 1st extinction 6/7 participants’ 

showed extinction bursts. In the 2nd extinction period 7/7 participants showed extinction 

bursts in cumulative peak force. The analyses for sound production low force are 

represented in the graph located in the bottom left corner of fig 4. During baseline 

measure in the 10th minute only 3/6 participants showed increases in peak force. In the 
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1st extinction period 5/6 participants showed extinction bursting. And during the 2nd 

extinction period all or the participants 6/6 demonstrated extinction bursts in cumulative 

peak force. The analysis for Sound Production, High Force conditions are represent in 

the lower right graph of Figure 4. During baseline measure in the 10th minute only 1/6 

participants showed increases in peak force. During the 1st extinction period 5/6 

participants showed extinction bursting. And in the 2nd implementation of extinction only 

3/6 of the participants demonstrated extinction bursts in cumulative peak force. In 

parallel to the analysis for response rate, we computed the average peak force (kg) in 

the 30-s periods prior, during, and following extinction for the 10th, 20th, and 30th minute 

of the session.  Again we tallied the number of times the highest values were observed 

during the 30-s probe period; a summary of the results are shown in Table 2.  In 

general, there were not robust effects of the manipulations on force.  

Table 2. Number of observations of increased force during the 30-s probe period. 

     Minute Sound, High 
N=6 

Sound, Low 
N=6 

Video, High 
N=7 

Video, Low 
N=7 

Significance 

10th 1 3 4 4 p > .05 
20th 4 4 4 3 p > .05 
30th 3 3 4 3 p > .05 

Figure 6. shows the average maximal force exerted during the control period and 

extinction period for each participant. Details are like those of Figure 2. As shown in the 

figure, forces during the Sound Production conditions were slightly greater in the high-

force compared to the low-force condition; there was little in the way of extinction-

related changes in force under either condition. Under the Video Production conditions, 

the high-force condition maintained greater forces under baseline. Again, extinction has 
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a weaker overall effect on force, but it is notable that force elevations during extinction 

occurred only under the high-force condition.   
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DISCUSSION 

             The primary goal of this research was to better understand the variables that 

give rise to extinction side effects. There have been few behavioral analytical studies 

aimed at understanding the variables responsible for bursts, and other side effects of 

extinction. Instead, the field has sought to eliminate problematic aspects of extinction by 

combining extinction with other procedures. (Goh & Iwata; Lerman et al., 1996; Lovaas, 

Freitag, Gold, & Kassorla, 1965). We suggest a different strategy that may be useful to 

the field would be to identify variables that contribute to side effects so they may be 

understood and manipulated directly in the course of interventions. The variables would 

include an analysis of the controlling variables and the contingencies under which 

extinction bursts occur.  

The results showed that local increases in responding, commonly called 

extinction bursts were a prominent feature in our study, occurring approximately 80% of 

the time when all the data are aggregated across the 20th and 30th minutes of the 

session. The increases are not accounted by normal fluctuations in local rate as a 

comparison point in the session at the 10th minute did not reveal robust 

increases.  Such findings are important as they pertain to prior clinical work showing 

that extinction bursts are less common in humans (e.g., Lerman et al., 1999). On the 

contrary, bursts appeared common across our procedures. 

Extinction-induced changes in responding and force bore an interesting 

relationship to the modality of the consequence. There seemed to be a tendency for 

greater response elevations in the low-force conditions, particularly when presses 

restored the sound accompanying the video. Increases in force, by contrast, were only 
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noticeable when the response required high forces and responses restored the video 

component, i.e., Video Production, High Force. The fact that both response topography 

and consequence modality affect extinction bursts may speak to discrepancies 

previously reported between basic animal and human clinical work. Basic animal 

research often employs relatively discrete, low-force responses, while clinically relevant 

problem behavior are likely high-force topographies, as it often results in tissue damage, 

such as bruising, bleeding, or fractured bones. Additionally, the modality of stimulus 

consequences are likely to differ between clinical and laboratory preparations. Our 

study suggests both may contribute to extinction bursts. 

Extinction is commonly implemented in applied clinical settings to decrease 

problem behaviors, such as self-injurious behavior, aggression, tantrums, and other 

undesirable behaviors (Lerman et al., 1996). Although, functional analysis are valuable 

to determine the reinforcing contingencies that maintain a response, little research has 

been done to determine the functional relationship and contingencies of responding 

during extinction. The current research looks at the functionality of extinction bursts and 

provides evidence of utilizing a direct approach to understanding extinction, instead of 

regarding extinction side effects as a nuisance or secondary process. Taking a 

functional approach to understanding extinction-related behavior directly stands to 

improve treatment at a number of levels. For example, extinction related behavior is 

sometimes desirable as extinction-induced variability in frequency and topography (e.g., 

Hearst, 1961) may provide new patterns that can be capitalized upon during response 

shaping (e.g., Carr & Kolinsky, 1983; Duker & Van Lent, 1991; Lalli, Zanolli, & Wohn, 
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1994).  At the same time, understanding variables that promote adverse effects, such 

as increased force of self-injurious behavior, may be minimized.   

  Part of the advancement of behavior analysis is attempting to be a natural 

science which quantifies physical dimensions of behavior. Effort is another area of 

research that has yet to be fully operationalized. We as a field have yet to directly 

quantify effort and more often only interpret what effort means behaviorally. Notterman 

and Mintz (1965) quantified effort as time-intergral-of-force (TOF), the integral of force 

over the duration of the response (g-s). Effort, in this light, if a multivariate concept.  The 

present work may be seen as a first attempt to explore only a single dimension effort, 

namely force, future work will benefit from further quantitative analyses of single and 

combined multiple dimensions.  

Several promising domains present themselves as useful avenues to continue 

functional analyses extinction-induced behavior. Applied research in effort and 

extinction has examined increasing physical exertion (e.g. adding stimuli that make the 

response more effortful), e.g. Applezweig, 1951; Mowrer & Jones, 1943. For example, 

Van Houten (1993) added weights to the wrist of an individual who engaged in head 

hitting. The behavior was maintained by self-stimulation and SIB decreased when the 

weights were introduced during extinction. Basic research paradigms, such as used 

here, may offer a useful testbed for identifying force-extinction functions to suggest 

optimal effort manipulations for examining extinction bursts. 

 Another important domain for future research involves stimulus control functions 

that modulate the progression of extinction, (e.g., Bitterman, Feddersen, & Tyler, 1953; 

Lerman et at., 1996; May & Beauchamp, 1969; Morris, 1968.) discuss that during 
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acquisition a behavior may come under the control of different environmental stimuli, 

and reinforcing contingencies that surround the stimuli. Their research has shown that 

resistance to extinction can be altered if the controlling stimuli are removed 

simultaneously at the beginning of extinction. Some applied studies have shown that 

behavior is more resistant to extinction if stimulus changes are not made when 

extinction in implemented (Lerman et al., 1996). For example, Rincover & Koegel (1975) 

conducted a study with four children with autism who were taught a simple receptive 

instruction (e.g. stomp your feet). When the children were in a new environment with a 

new instructor, they were unable to respond to the same instruction correctly. When 

stimuli that were present during acquisition were reintroduced into the new environment, 

target responding occurred and was maintained. Thus, if undesirable behavior is put 

under extinction conditions the behavior will be more resistant to extinction if the 

controlling stimuli are present (Rincover & Koegel, 1975). Therefore, an extension to the 

current research using the same behavioral technology may provide more information 

about extinction bursts when stimuli are altered during extinction versus when 

controlling stimuli remain constant. 

One more area of interest is the relationship between negative reinforcement and 

extinction bursts (i.e. behavior that is increased by the removal of an aversive stimulus, 

see Skinner, 1951). In our study, the contingencies specifically focused on production of 

stimuli, but a similar approach could employ noxious stimuli, such as white noise or 

distracting tones played over the video, and participants would respond to remove those 

stimuli.  To date, there have been few experimental examinations of the role of stimulus 
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production / removal in relation to extinction. The present laboratory paradigm could 

easily be adapted studies of positive and negative reinforcement.  
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Figure 1. 

Figure 1.  Cumulative response records across time in the session.  Participants in each 

Stimulus/Force group are overlaid in the same graph.   A 30-s extinction probe was 

implemented at 1200 and 1800 seconds in each session. 
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Figure 2. 

Figure 2.  Cumulative maximum (peak) response force (kg) across time in the session. 

Details are the same as in Figure 1. 
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 Fig 3. 

Figure 3.  Number of presses in the 30-s periods prior to, during, and following 

extinction are plotted as line graphs for the 10th, 20th, and 30th minute in each session. 

Each 3-point line shows data from individual participants.   
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Fig 4. 

Cumulative peak force (kg) per response as a function of time. 

Figure 4.  Average maximum (peak) force (kg) obtained in each 30-s period prior to, 

during, and following extinction are plotted as line graphs for the 10th, 20th, and 30th 

minute in each session.  Each 3-point line shows data from individual participants.   
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Figure 5.  Average number of presses are shown in pairs of bars for the 10th, 20th, and 

30th minute in each session.  Average number of presses during the 30-s periods prior 

to and after probe tests are shown in the left bar of each pair (BL); average number of 

presses during the 30-s probe are shown in the right bar of each pair (Probe).  Small 

filled circles show the data obtained from individual participants.     
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Fig 6. 

Figure 6.  Average maximum (peak) force (kg) are shown in pairs of bars for the 10th, 

20th, and 30th minute in each session.  Details are the same as in Figure 5. 
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