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 Research on operant behavior often focuses exclusively on response frequency 

because it is a convenient measure and easier to quantify than are changes in other 

dimensions such as topography (form) or force. However, force is a fundamental aspect 

of a response because some amount of force must occur for the response to be 

detected. In addition, force may be the most relevant defining feature of some 

responses such as aggression or self-injury. This series of studies examined the 

relation between response rate (frequency) and response force in four translational 

contexts and one applied context. The rate and force of a button press were measured 

under conditions of reinforcement and extinction (Study 1) and ratio schedules of 

reinforcement (Study 2) applied to response rate. The same measures were taken when 

an increasing requirement was applied to response force (Study 3). Finally, the rate and 

force (or severity) of problem behavior were measured during the course of 

experimental (functional analysis) assessment in Study 4. Results showed positive 

correlations between rate and force under some conditions but negative correlations 

under others. In addition, results indicated that the severity (force) of problem behavior 

decreases within the context of the assessment.  



 

10 

CHAPTER 1 
INTRODUCTION 

Basic and Applied Research on Response Force 

 Several distinctive features define an operant response, including topography, 

force, and duration. However, force often is not measured but simply considered a static 

feature of the dependent variable. Research on operant behavior focuses on changes in 

responding over time and most often on repeatability of a predefined response rather 

than changes in fundamental response properties. Response rate or frequency often 

has been identified as the primary measure in most behavioral research (Cooper, 

Heron, Heward, 2008; Fester & Skinner, 1957; Michael, 1995) for several reasons. First, 

response rate is a convenient measure. It is relatively easy to count the number of 

responses that occur in a given period of time. Second, rate provides a quantitative 

index of change across time as a function of changing environmental conditions. Finally, 

rate allows for some variation in the dimensions of topography, force, and duration. That 

is, no change in definition is required when slight variations in the form of a response 

occur.  

 Nevertheless, force is a fundamental characteristic of any response, and rate is 

sensitive to force only at a given threshold. That is, if a response does not reach a 

threshold, it is not considered to be a response at all. In this way, rate of response can 

be a limiting measure. For example, vocal responses that are whispered may escape 

detection, although they clearly are examples of speech. Similarly, rate measures are 

insensitive to changes in intensity when all responses occur above threshold. For 

example, increases or decreases in the intensity of self-injurious behavior (SIB) cannot 

be detected in typical rate measures when responding is defined as any amount of 
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physical contact. Thus, changes in response force per se may be important to 

understanding some behavior.  

Basic Research on Response Force 

 Basic research on response force has focused mainly on lever pressing in rats to 

determine how variables that affect response rate also affect force and vice versa. 

Notterman (1959), for example, reinforced the occurrence of lever presses while 

measuring response force. He found that the force of rats’ responding on a lever during 

reinforcement decreased over time (to more closely approximate the threshold 

response) and that response force in extinction was highly variable. Similarly, Mintz 

(1962) delivered reinforcement for rats’ lever pressing on a fixed-ratio (FR 12) schedule.  

He examined peak response force (the highest force during a response) and found that 

response force increased throughout the inter-reinforcement interval until reinforcement 

was delivered. Studies such as these involved manipulation of response rate and 

observed correlated changes in response force. Other studies examined manipulation 

of response force directly. For example, Adair and Wright (1976) trained squirrel 

monkeys to regulate the air temperature in an experimental chamber by pulling levers 

connected to valves emitting warm and cool air. The experimenters subsequently 

provided continuous cool air unless the subject pulled a lever to access warm air and 

then incrementally added counterweights to the chain.  As weight increased, the 

interresponse time between chain pulls increased, and air temperature in the chamber 

decreased. These results were significant because effortful responses became more 

likely as the chamber got cooler.  When the counterweights were not on the chain, more 

consistent temperatures and more frequent chain pulls occurred.  
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 The most complete study of response force was conducted by Notterman and 

Mintz (1965), who examined response rate and response force when force was 

manipulated both directly and indirectly. When force was directly manipulated, the 

authors examined the effects of contingencies on force, duration, band discrimination 

(responding within a range of force), discriminative stimuli, feedback, and proportional 

reinforcement (reinforcement proportional to force). When response rate was 

manipulated directly, the authors examined the effects of extinction, discriminative 

stimuli, deprivation, sequential ratio schedules, and intensity of aversive stimulation.  

 One example of a manipulation that directly affected response force was 

conducted in the fourth study, in which the authors examined band discrimination-- 

differential responding within a range of parameters, in this case, response forces 

capped at a high and a low level. For example, when slowing a car to a stop, an 

individual typically uses a band of pressure on the brake to bring the car to a rest 

comfortably. Immediate and intense braking would cause pain to the individual, and the 

avoidance of this consequence serves as a negative reinforcer. Thus, a constant 

amount of moderate pressure applied to the brake stops the car gradually, although 

small deviations from the ideal amount of pressure still provide reinforcement. Similarly, 

a rat can be trained to respond within a window of response force. The authors 

examined band responding in three groups of rats (six rats per group). The first group 

was trained to press a lever between 8 and 16 g for 20 sessions. The second group was 

trained to respond between 4 and 16 g for 7 sessions and then between 8 and 16 g for 

13 sessions. The third group was trained to respond above 8 g for 20 sessions. During 

the reinforcement condition, stable responding was observed in all groups, with 
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responding within the band of response force for the first and second groups, and 

consistently around 20 g for the third group. During a subsequent extinction condition, a 

proportional increase was observed in response force, with the highest force observed 

in the third group. 

 An example of a manipulation that indirectly affected response force was 

conducted in the first study, in which the authors exposed 6 rats to conditions of 

reinforcement and extinction. In addition to measuring response frequency, the authors 

collected data on the peak force of each response. The rats received pellets on a 

continuous schedule of reinforcement (FR 1) for up to 50 pellets in the reinforcement 

condition. The threshold to activate the magazine in the reinforcement condition was 3 

g. No consequences were delivered for pressing the lever during extinction. The authors 

observed a decrease in response force and the variability of force over the course of the 

reinforcement conditions. In the extinction condition, both response force and the 

variability of force observed increased. 

 A similar indirect manipulation of response force was seen in the eighth 

experiment, in which the authors examined the sequential effects of fixed ratio (FR) 

reinforcement. The authors conducted this study with three groups of five rats. The 

authors exposed the three groups to three different FR schedules (12 days for each 

schedule). Each group began the procedure with five days of FR1, and two animals 

from each group ended the experiment with four days of FR1. The authors described 

the FR schedules in a slightly different manner than typical FR procedures. The number 

of responses between reinforcers for each animal was kept consistent across groups; 

however, the number of reinforcers that could then be obtained changed across groups. 



 

14 

For example, the first FR schedule for the first group was FR 6(1). This meant that the 

rat received one opportunity to earn a reinforcer following six unreinforced responses, 

which corresponds to an FR 7 schedule in current terminology. The first FR schedule for 

the second group was FR 6(2). This meant that the rat received two opportunities to 

earn a reinforcer following six unreinforced responses, or a tandem FR 7/FR1 schedule. 

The first FR schedule for the third group was FR 6(4). This meant that the rat received 

four opportunities to earn a reinforcer following six unreinforced responses, or a tandem 

FR7/FR1/FR1/FR1 schedule. The sequence of FR schedules for all groups was 6, 12, 

and 24, and the tandem schedules were held consistent. The only distinction was the 

number of reinforcers that could then be earned by the different groups (1, 2, or 4).  The 

authors found a characteristic response pattern for all FR schedules: a sharp decrease 

in response force immediately following reinforcement, and an acceleration in response 

force during nonreinforced responses immediately prior to the delivery of reinforcement. 

These results were similar to those obtained by Mintz (1962); however, the current 

study greatly enhanced the generality of these results.  

 Morris (1966,1968) extended basic research on response force to human 

behavior using a spring-loaded lever press. The author examined response force in 

extinction following training at a criterion level of force. Morris included nonclinical 

subjects in the first study and both clinical and nonclinical subjects in the second study. 

He observed that human responding on a lever was more variable and more forceful 

during extinction than during reinforcement phases. That is, results were similar to those 

found by Notterman and Mintz (1965). It is important to note that in both nonhuman 
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(Notterman & Mintz, 1965) and human (Morris, 1966, 1968) studies, some form of 

training was conducted in the acquisition phase of the experiment prior to extinction. 

Applied Research on Response Force 

 Response force also has been used as the index of behavior change in some 

applied studies. One particular response that has received attention is selective mutism 

(also called elective mutism and hysterical aphonia). Walton and Black (1959) described 

an early case history and treatment of one individual’s aphonia through the use of a 

stimulant drug and social reinforcement. Wulbert, Nyman, and Snow (1973) increased 

the vocal output of an individual who had not spoken in 3 yr through the use of a 

stimulus fading procedure and contingency management. Stimulus fading involved the 

therapist slowly moving into a room with the subject and asking the subject a series of 

questions that required a one-word response, while the subject’s mother slowly moved 

out of the room.  The subject received a piece of candy for any verbal response that 

was audible. Although the authors presented the frequency (number) of responses that 

the individual emitted, the contingency actually was placed on audible responses, which 

were a function of response force. A more direct measure of force was used by Jackson 

and Wallace (1974), who increased the sub-audible vocal responses of one individual to 

audible vocal responses.  Vocal output was measured by an audiometer and shaped 

into audible responses through a token system. The procedures were effective at 

increasing the volume of speech, as well as the length of the word (polysyllabic) 

spoken. 

In addition to increasing the volume of verbal behavior, applied research has 

examined decreasing the volume of verbal responses. Greene, Bailey, and Barber 

(1981) decreased the number and duration of noisy disruptions on a school bus. Noise 
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was measured by way of an audiometer, and the authors observed a decrease in noise 

after implementing reinforcement consisting of raffles, light display, and contingent 

music. However, because the authors reinforced the reduction of loud responses and 

not the occurrence of verbal responses at a lower level, it is unclear from the data 

presented whether the frequency of verbal behavior remained constant but was emitted 

with less force, or if there was a general decrease in all verbal behavior. 

 More relevant to the applied aims of the present study is research on estimates 

of the force of problem behavior and, more specifically, SIB. For example, Iwata, Pace, 

Kissel, Nau, and Faber (1990) developed the Self-Injury Trauma (SIT) Scale, an 

observational tool that permits objective measurement of the location, type, size, and 

severity of wounds produced by SIB. The authors evaluated the SIT scale by having 

pairs of raters score 50 clients who engaged in SIB and obtained a high percentage of 

agreement (94%) on wound size and severity. In a more recent study, Wilson, Iwata, 

and Bloom (in press) used computerized photographic analysis to precisely measure 

wound size, and then examined the relation between changes in the frequency of SIB 

and changes in wound size. Finally, Symons, Harper, McGrath, Breau, and Bodfish 

(2009) evaluated a checklist for identifying painful stimulation for individuals who were 

noncommunicative. They examined caregiver ratings of overt signs of discomfort (e.g., 

grimacing) from SIB. Here, the assumption was that increased painful reactions to 

injuries were related to the greater force of the response.  

 Response force may be of interest because it may be the most relevant 

dimension of some responses. For example, self-injurious behavior (SIB) is defined by 

its outcome, which presumably is a function of response force. That is, the severity or 
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force of the response determines whether it meets the criterion for SIB (may cause 

damage to self).  Thus, the force of SIB may be far more important than its rate. 

Consider the individual who engages in SIB by hitting the eye: One instance of forceful 

hitting may be sufficient to dislodge the retina.  

Newell and colleagues illustrated direct measurement of the force of problem 

behavior by examining joint movement during stereotypy (Newell, Incledon, Bodfish, & 

Sprague, 1999) and SIB (Newell, Challis, Boros, & Bodfish, 2002). In both studies, the 

authors used the Peak Motus system to videotape individuals engaging in problem 

behavior. The system then generated computerized models of the subjects’ action to 

measure limb movement. In the first study, the authors measured angular velocity to 

estimate the force of stereotypic movements; in the second study, the authors collected 

data on both limb movement for the action itself as well as corresponding body 

movements for SIB. That is, the authors were able to determine how the targeted body 

part moved based upon the self-injurious act (e.g., corresponding movement of the 

head for head-hitting). Following this, the authors then used a standard model to 

estimate the amount of force for each self-injurious blow.  

 The overall purpose of the present studies was to conduct a series of related 

experiments on human response force. Study 1 and Study 2 examined effects on rate 

and force when variables that typically affect response rate were manipulated. Study 3 

examined effects on rate and force when variables that typically affect response force 

were manipulated. Finally, Study 4 examined the relation between the rate and force of 

problem behavior in the context of an assessment of problem behavior. 
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CHAPTER 2 
STUDY 1: RESPONSE DIMENSIONS DURING REINFORCEMENT AND EXTINCTION 

Method 

Subject, Settings, and Apparatus 

 All subjects for Studies 1, 2 and 3 were selected based on teacher reports that 

indicated they would be appropriate for a study that required sitting at a desk. Four 

individuals diagnosed with developmental disabilities participated. Subject demographic 

information is listed in Table 2-1. All sessions were conducted in a designated area of a 

classroom in a special education school and were 5 min in duration. During sessions, 

the apparatus was placed on a table approximately .25 m from the subject, and a 

therapist was present to provide edible items. 

 The apparatus was a Tekscan flexi-force load cell, a force-resistance pad that 

was built into a switch press button. The cell was linked to a computer that monitored 

the force of each response by use of a software program developed by Tekscan (the 

ELF system). Thus, each button press registered both the occurrence of a response in 

real time and its force in lb per square in. The button emitted an audible “click” when a 

sufficient amount of pressure was placed on the panel (.07 lb). The load cell was 

calibrated with standard weights (5 and 25 lb) each week to ensure that it was recording 

response force accurately.  

Response Measurement and Reliability 

 Following each session, mean response rate (responses per min or RPM) and 

mean peak response force (lb) was calculated from the recorded data. The occurrence 

of a response produced a different amount of force over the course of the response 

cycle, and the peak force was the greatest force exerted during the cycle. In addition to 
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recording response rate and force from the load-cell data, observers recorded the 

frequency of button presses (defined as pressing the button with sufficient force to 

produce a “click”) and delivery of edible items (defined as placing an edible item on the 

plate).  

 Interobserver agreement was assessed by having a second observer 

independently collect data during at least 25% of sessions. Proportional agreement 

percentages were calculated for each response by comparing the two observers’ 

recorded frequencies in each 10-s interval. The smaller number of responses was 

divided by the larger number of responses in each interval with a disagreement, the 

fractions were summed across all intervals, and the total was added to the total number 

of agreement intervals in the session. The sum was divided by the total number of 

intervals in the session and multiplied by 100% to yield reliability scores for each 

measure. Mean reliability scores were as follows: Evan, 90% for button presses (range, 

77%-100%) and 95.2% for reinforcers delivered (range, 90%-100%); Jose, 95.9% for 

button presses (range, 85.6%-100%) and 95.7% for reinforcers delivered (range 86.7%-

100%); Karen, 94.5% for button presses (range, 80%-100%) and 93.2% for reinforcers 

delivered (range, 83.3%-100%); and Nick, 94.5% for button presses (range, 80.6%-

100%) and 93.2% reinforcers delivered (range, 83.3%-100%).  

Preference Assessment 

 Prior to the experiment, a paired-stimulus preference assessment (Fisher et al. 

1992) was conducted to identify a highly preferred (selected on more than 80% of 

presentations) edible item. Nine edible items were compared, with two items presented 

on each trial, over the course of 36 randomized trials. In each trial, the subject was 
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asked to select one of two edible items until all items had been compared. Data 

collectors recorded data on the items that the subject selected. 

Procedures 

 Two conditions were conducted. In the reinforcement condition, the highly 

preferred edible item was delivered following each response on an FR1 (continuous 

reinforcement or CRF) schedule. The button was removed following delivery of an 

edible item until the item was consumed and then was returned to the same place in 

front of the subject. In the extinction (EXT) condition, no consequences were delivered 

for any response. These conditions were conducted in a reversal (ABAB) design, with 

the exception that Nick experienced an additional reversal series because his initial 

results were not replicated. 

Results 

 Figure 2-1 shows results of the analysis of reinforcement and EXT for Evan, 

Karen, Jose, and Nick. All subjects’ response rates were stable or increasing throughout 

the FR1 condition. During extinction (EXT), one of two patterns was observed for 

response rate. Evan’s and Karen’s (top two panels) response rate showed an initial 

increase followed by a decrease to near zero, whereas Jose’s and Nick’s (bottom two 

panels) responding decreased to near zero immediately. Jose responded seven times 

across two EXT conditions, and Nick responded four times across three EXT conditions. 

Data on response force during the initial FR1 condition showed relatively stable 

responding (Evan, Nick) or slightly decreasing trends (Karen and Jose). Three subjects 

showed an initial increase in response force during both EXT conditions (Evan, Karen, 

and Jose). Response force subsequently decreased across the phase as response 

frequency decreased to zero.  
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Data on response force during the FR1 and EXT conditions for Nick were 

somewhat different than for the other three subjects. A stable level of responding was 

observed in the initial FR1 condition. In EXT, there was no increase in response force. 

In the second implementation of FR1, response force was higher in the initial FR1 

condition but was still stable. In the second implementation of EXT, an increase in 

response force was observed during the first session. These results did not replicate 

those obtained in the first FR1 and EXT conditions. Therefore, an additional reversal 

was conducted. In the third implementation of FR1, response force was slightly 

decreasing and returned to the level previously observed in the first implementation of 

FR1. Following this, an increased level of response force was once again observed in 

the third implementation of EXT.  

Two patterns of variation were seen between response rate and force during 

CRF. The first pattern was positive covariation; that is, the rate and peak force of button 

presses followed the same pattern (stability or variability) and fluctuated in the same 

direction (increased and decreased together). This pattern was observed for Evan 

across all four conditions, with the exception of a few sessions immediately following a 

medication decrease. For example, in the first implementation of FR1, rate and peak 

force both occurred at a relatively stable level and seemed to fluctuate together. 

Similarly, when EXT was implemented, an increased variability was observed in both 

rate and peak force, and an immediate increase (and subsequent decrease) in RPM 

and force was observed. This effect was replicated in the second implementation of 

FR1 and EXT for Evan as well as in all four conditions for Karen, and more tenuously 

for the first three conditions for Nick.  
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The second pattern was negative covariation in which the rate and peak force of 

button presses followed a different pattern (stability vs. variability) and fluctuated in a 

different direction (increased and decreased separately). This pattern was observed 

with Jose. In his first implementation of FR1, rate increased across the course of the 

condition. By contrast, peak force decreased across the course of the condition. 

Although stability was achieved in both RPM and force, the pattern observed was not 

similar: As one rate increased, force decreased. Similarly, in the first implementation of 

EXT, rate decreased immediately to near zero; however, peak force increased 

immediately. Response rate was stable throughout the condition, whereas force was 

variable, and, at least initially, force increased as response rate decreased. This effect 

was replicated (and more exaggerated) in the second implementation of FR1 and EXT 

for Jose, and was also observed in the last three conditions for Nick. 

In multiple EXT conditions, peak force was higher than had been observed in the 

previous FR1 phase. An EXT burst has been described as an increase in the rate of a 

response in EXT over the last three sessions of the previous reinforcement phase 

(Lerman, Iwata, & Wallace, 1999). An EXT burst in rate was observed in the response 

rate of two of the four subjects (Evan and Karen).  Because response force is not often 

measured, there have been fewer reports of similar bursts in response force. Using the 

same definition for a burst in force that has been used for a burst in rate, an EXT burst 

in force was observed with every subject. In addition, an EXT burst in force occurred in 

every implementation of EXT with the exception of the first implementation of EXT for 

Nick. 
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 Another finding of minor interest was the effect on responding in FR1 with an 

intervening history of EXT. Three of the four subjects (Karen, Jose, and Nick) showed 

an increase in peak force in the initial sessions of the second implementation of FR1. As 

the FR1 condition continued, response force returned to levels similar to those observed 

in the initial (or previous, as in the case of Nick) FR1 condition. 
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Figure 2-1. Response rate and peak response force under conditions  of CRF and EXT 
for Evan, Jose, Karen, and Nick 
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CHAPTER 3  
STUDY 2: RESPONSE DIMENSIONS IN RATIO SCHEDULES OF REINFORCEMENT 

 Study 1 demonstrated that response rate and peak response force may covary 

(either positively or negatively). However, that study assessed responding only in the 

presence or absence of reinforcement. As previously noted, both Mintz (1962) and 

Notterman and Mintz (1965) conducted basic studies that assessed response frequency 

and force in the context ratio reinforcement. Mintz, who used an FR12 schedule, found 

an interesting effect, in that there was an increase in response force under ratio 

schedules. This finding is counter-intuitive. Increasing the ratio of reinforcement has 

been shown to increase the rate of responses (Cooper, Heron, & Heward, 2007). 

Because more responses are required to obtain reinforcement, one might predict that a 

decrease in the amount of pressure per response would also occur. That is, because 

the organism must burn more calories by responding more to obtain reinforcement, the 

organism might decrease the amount of force per response to compensate for the 

additional calories burned. A decrease in response force as a function of an increased 

response frequency requirement has not been observed. Furthermore, the effect 

described by Mintz has not replicated in humans. Therefore, covariation between 

response rate and peak response force was examined in humans under FR1 and FR10 

schedules. 

Method 

Subjects, Setting, and Apparatus 

 Four individuals, three of who were subjects in Study 1 (Evan, Karen, and Nick), 

participated in this study (see demographic information in Table 2-1). The setting and 

apparatus were identical to those in Study 1, as were methods for collecting data.   
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 Interobserver agreement was assessed during at least 25% of sessions and was 

calculated as described previously. Mean reliability scores were as follows: Evan, 95% 

for button presses (range, 87%-100%) and 93.9% (range, 81.7%-100%) for reinforcers 

delivered; Karen, 98.4% for button presses (range, 80%-100%) and 90.6% (range, 

81.1%-100%) for reinforcers delivered; Lisa, 95.4 (range, 83.9%-100%) for button 

presses and 93.3% (range, 83.3%-100%) for reinforcers delivered, and Nick, 99.3% 

(range, 83.1%-99.2%) for button presses and 95% (range, 82.2%-100%) for reinforcers 

delivered.   

Preference Assessment 

 Procedures identical to study 1 were used to identify a highly preferred (selected 

in greater than 80% of presentations) edible item.  

Procedures 

 Two conditions were implemented in a reversal design. Reinforcement (the 

preferred edible item) was delivered for responding in both conditions; the only 

difference was the schedule in effect. In the FR1 condition, the edible item was 

delivered following each response. In the FR10 condition, the edible item was delivered 

following every tenth response.  

Results 

 Figure 3-1 shows the results of the comparison of FR1 and FR10 schedules for 

Evan, Karen, Lisa, and Nick. All subjects’ response rates were stable or increasing 

throughout the FR1 condition. During the FR10 condition, there was either an 

immediate (Karen and Lisa) or eventual (Nathan and Evan) increase in all subjects’ 

response rate. This effect was replicated in both implementations of FR1 and FR10.  
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 Data on response force during the initial and subsequent FR1 conditions showed 

relatively stable responding. Data on response force in the FR10 condition showed 

either a slight increase or no change in comparison to the FR1 condition. A slight 

increase in response force was observed under FR10 for three subjects (Karen, Evan, 

and Nick), whereas no difference between the peak force was observed in FR1 and 

FR10 for one subject (Lisa). Lisa showed a slight increase in response force in the 

second FR10 condition; however, her peak force subsequently decreased to levels 

similar to the previous condition. In addition, an increase in variability of peak force was 

observed for all subjects in FR10.  

 Positive covariation between rate and peak force was observed across all four 

conditions for Nick. In his first implementation of FR1, rate and peak force both occurred 

a relatively stable level and seemed to fluctuate together. Similarly, when FR10 was 

implemented, response rate increased by approximately 50%, and response force 

increased slightly. This effect was replicated in the second implementation of FR1 and 

FR10 and was more prominent in the second implementation of FR10. This positive 

covariation also was observed for Evan and Lisa to a lesser degree. Karen’s results 

were mixed. In her first implementation of FR1 and FR10, there was negative 

covariation between rate and peak force. As rate increased, peak force decreased. This 

effect also was replicated in the FR10. However, in the reversal of these conditions, 

there was positive covariation. That is, in her second implementation of FR1 and FR10, 

rate and peak force covaried positively.   

 Another interesting finding was that response force was slightly greater in FR10 

than FR1 for three of four subjects. Lisa’s results, with respect to force of responses in 
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FR1 and FR10, are uninterpretable. The final level of response force in FR10 was 

greater than the initial level in FR1 (but not the later observed level in FR1); however, 

an increasing trend was observed across all conditions.  

 



 

29 

 

Figure 3-1. Response rate and peak response force under conditions FR1 and FR10 
reinforcement for Evan, Karen, Lisa, and Nick. 
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CHAPTER 4 
STUDY 3: RESPONSE DIMENSIONS IN BAND DISCRIMINATION 

 Notterman and Mintz (1965) conducted a study in which rats were reinforced for 

responding within a particular range (band) of force. Learning of this type may be of 

interest because everyday tasks often require an individual to respond with more or less 

force in order to obtain reinforcement. For example, many individuals with 

developmental disabilities are employed through piece-meal work, and often these 

tasks require a chain of motor responses. Here, the force of motor responses is 

important--enough force to put an item together, but not too much force as to break it. 

Similar examples can be seen in a number of sports, in which effective responding (e.g., 

shooting a basketball, hitting a tennis ball, throwing a football) occurs within a range of 

force. These controls of fine or gross motor responses are examples of band 

discriminations of response force required to obtain reinforcement. Although Notterman 

and Mintz described discriminations within a band, an initial step in training such 

discriminations is to train subjects to respond above a criterion level of force. Therefore, 

the purpose of this study was to apply reinforcement contingencies to responding above 

a given force level 

Method 

Subjects, Setting, and Apparatus 

 Two individuals, Erin and Nick, diagnosed with developmental disabilities 

participated (see demographic information in Table 2-1). Nick previously participated in 

Study 1 and Study 2. Setting, apparatus, measurement, reliability assessment, and 

preference assessment procedures were identical to those of previous studies.  In 
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addition, data from sessions were separated into responses above and below threshold 

(responses that did and did not produce reinforcement, respectively).  

 Interobserver agreement was assessed by having a second observer 

independently collect data during at least 25% of sessions. Proportional agreement 

percentages were calculated for each response as described previously. Mean reliability 

scores were as follows: Erin, 87% (range, 83.1%-93.3%) for button presses and 89.2% 

(range, 80%-98.3%) for reinforcer deliveries; and Nick, 88.2% (range, 82.2%-100%) for 

button presses and 94.7% (range, 81.7%-100%) for reinforcer deliveries. 

Procedures 

 Following the preference assessment, two conditions were conducted. In the 

FR1 condition (A), the preferred edible item was delivered following each response. 

When a stable rate and force of responding were established, a criterion of a 100% 

increase in response force was determined based on the greatest mean response force 

from the last three sessions of that condition. In the high-threshold criterion (B), the 

highly preferred edible item was delivered for responses that were above the threshold 

(100% increase), while no consequences were delivered for responses below threshold.  

Finally, the FR1 condition (A) was reimplemented. Conditions were implemented in a 

reversal design (ABA).  

Results 

 Figure 5-1 shows results of the band discrimination and reinforcement procedure 

on response force and frequency. In the initial FR1 condition, response rate for above 

threshold responding (i.e., above .07 lbs) was stable for both subjects. No below 

threshold responses were observed for Nick and a lower number of sub-threshold 

responses than threshold responses were observed for Erin.  When the high-threshold 
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requirement was implemented, a similar rate of above threshold responses was 

observed for both subjects. In addition, sub-threshold responses decreased over the 

course of this condition for both subjects. The FR1 condition was then reimplemented 

for both, during which response rate was similar to that observed in the initial FR1 

condition and no sub-threshold responses were observed. In the initial FR1 condition, 

the peak force was stable for both subjects. When the high-threshold requirement was 

introduced, peak force became more variable but, by the end of the condition, peak 

force was well above the force requirement. Peak force in the reimplementation of the 

FR1 condition was greater than previously observed in the initial FR1 condition.  

 Positive covariation between rate and force was observed in all conditions for 

both subjects. In the FR1 condition stable levels of rate and force were observed for 

both subjects. In the high-threshold condition, above threshold responses covaried with 

peak force, both in the initial variability and later stability observed. In the second FR1 

condition rate and force were both stable and covaried together; however, responses 

occurred at a higher force. 

 The results obtained demonstrate that increases in response force can be 

obtained by providing reinforcement for an increased threshold requirement. The results 

obtained in the reimplementation of FR1 are of particular interest. Following a history of 

providing reinforcement for increased response force, the removal of this requirement 

did not result in immediate decreases in response force. This finding may be explained 

by the presence or absence of a consequence. That is, when a sub-threshold response 

occurred in the high-threshold condition, no item was provided. However, when the 

subject responds more forcefully than required in the FR1 condition, a reinforcer is still 
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provided. Therefore, delivery of reinforcement provides information about the required 

threshold in one condition but not in the other. 
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Figure 4-1. Response rate and peak response force under conditions under a  high-

threshold response-force requirement for Erin and Nick. 
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CHAPTER 5 
STUDY 4: RESPONSE DIMENSIONS IN PROBLEM BEHAVIOR 

  Although several relations between response rate and force have been 

highlighted thus far, some of which may have clinical relevance, it is the assessment of 

problem behavior where force may be most useful as a measure of responding.  As 

noted previously, force is probably the critical dimension of severity for problem 

behaviors such as aggression and SIB; however, almost all research on these 

behaviors has focused not on response force but, rather, on response rate. Thus, it 

often is assumed that reductions in rate during treatment correspond to reductions in 

risk, but that is true only if there also is a reduction (or at least no change) in force.   

One particular area in which the effect of rate changes on force may have 

immediate clinical impact is exposure of problem behavior to experimental conditions 

during assessment. Functional analysis (FA) methodology, as described by Iwata et al. 

(1982/1994), has become a standard method for identifying reinforcement 

contingencies that maintaining problem behavior. During an FA, consequences 

suspected of maintaining problem behavior are delivered following its occurrence in 

different test conditions, and a common finding is a higher rate of problem behavior 

during one or more test conditions relative to a control condition. As a result, some 

authors have suggested that an FA, by definition, involves increased exposure to risk 

(Smith & Churchill, 2002). Whether rates of problem behavior during assessment 

actually are higher than those seen outside of the assessment context is unknown, but 

the concern in this study is the relation between rate and force during an FA.  Basic 

research by Notterman (1959) indicated that response force under continuous 

schedules of reinforcement (as in a standard FA) should decrease to the minimum force 
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required to obtain reinforcement, and this effect was observed generally in Study 1. For 

example, in both of Jose’s FR1 conditions, his response force decreased throughout the 

condition. 

The force (severity) of problem behavior has been assessed in applied settings 

(Newell, Incledon, Bodfish, & Sprague, 1999); however, force has not been assessed in 

the context of a standard assessment for problem behavior. Therefore, research is 

needed to apply those procedures described by Newell et al. to assess the severity of 

problem behavior during the context of a FA.  

Method 

Subject and Setting 

 Four individuals (Billy, Evan, Regan, and Erin) who were referred for the 

assessment and treatment of aggression participated (see demographic information in 

Table 2-1). Evan participated in Study 1 and Study 2, and Erin participated in Study 3. 

Sessions were conducted in a therapy room at a public school for students with 

developmental disabilities. Session materials included a table and two chairs, as well as 

materials appropriate to the FA condition. For example, in the attention and play 

conditions, moderately and highly preferred leisure items were present, respectively; in 

the demand condition, task materials were present. All sessions were 10 min in duration 

and were conducted 3 to 5 times per week. Items commonly found in the classroom 

(e.g., a clipboard) were placed around the room for Regina and Erin, so that the 

subjects had equal opportunity to engage in property destruction. No additional items 

were placed in the room for Brandon because his aggression usually took the form of 

throwing his shoes and clothing at the therapist. All sessions were videotaped in order 

to conduct a computer modeling analysis. Evan and Erin also participated in at least 
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one previous translational study. This was because we interested in observing the 

pattern of response force in an FR1 schedule for an arbitrary and problem behavior. 

Response Measurement and Reliability 

 Trained observers collected data on the frequency of Billy and Evan’s aggression 

and Regan and Erin’s property destruction. Billy’s aggression was defined as grasping -

-an object in one or both hands being thrown at he therapist (i.e., the object had to be 

thrown within .2 m of the therapist). Evan’s aggression was defined as forceful contact 

between Evan’s hand and the therapist (traveling from a distance of at least .2 m). 

Regan’s property destruction was defined as throwing objects more than .3 m (not 

directed at the therapist) or forceful contact between her palm and any object in the 

room (e.g., the wall). Erin’s property destruction was defined as throwing objects more 

than .3 m (not directed at the therapist). 

 Interobserver agreement was assessed by having a second observer 

independently collect data during at least 25% of sessions. Proportional agreement 

percentages were calculated as described previously. Mean reliability scores were as 

follows: Billy, 96.9% (range, 81.1%-100%) for aggression; Evan, 99.1% (range, 96.7%-

100%) for aggression; Regan, 97.9% (range, 95.8%-100) for property destruction; Erin, 

91% (range, 96.7%-100%) for property destruction. 

Functional Analysis 

 An FA as described by Iwata et al. (1982/1994) was conducted to identify the 

source(s) of reinforcement for Billy’s, Evan’s, Regina’s, and Erin’s problem behavior. No 

interaction, Attention, Play, and Demand conditions were conducted in a multielement 

design, with the order of conditions fixed as listed. In the No Interaction condition, the 

subject and a therapist were present in the room, and no activities were present. 
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Throughout the session, the therapist never interacted with subject either prior to or 

following problem behavior. This served as a test for maintenance by automatic 

reinforcement. In the Attention condition, the subject and the therapist were present in 

the room, and a moderately preferred leisure item was present to which the subject had 

free access. If the subject engaged in problem behavior, the therapist delivered a mild 

verbal reprimand (“don’t do that, you will hurt me”), issued a statement of concern, and 

provided gentle physical contact. This served as a test for maintenance by social 

positive reinforcement. In the Play condition, the subject and the therapist were present 

in the room, and a highly preferred leisure item was present to which subject had free 

access. The therapist provided brief statements to the subject related to the leisure item 

every 30 s or anytime the subject initiated conversation. This served as the control 

condition. In the Demand condition, the subject and therapist were present in the room 

with various academic tasks. The therapist presented tasks continuously using a three 

step prompting procedure (vocal, model, physical prompt). If the subject engaged in 

problem behavior, the therapist removed the task materials and provided a 30 s “break” 

from tasks. This served as a test for maintenance by social negative reinforcement.  

Video Modeling Analysis  

 All FA sessions were videotaped for further analysis.  Following each session, 

the video recording was divided in 40-s segments to limit the size when delacing. The 

video was then delaced (each second of video was split into eight individual frames) 

and then uploaded to a kinetic movement computer program (HuMAN motion system) 

to generate computerized models and calculate the angular velocity of each response. 

Angular velocity is the speed at which a joint rotates in movement. Greater rotation per 
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second indicates a more forceful response. Angular velocities are a common means to 

assess the force of movement in biomechanics. (Nigg, MacIntosh, & Mester, 2000).  

 We selected the HuMAN motion system rather than the Peak Motus system 

(used by Newell et al., 1999) because the Peak Motus system is prohibitively expensive 

(approximately $7,000). In comparison, the HuMan system retails for around $40, 

allows users to enter their own video segments, provides training on use of the system, 

and generated the angular velocities required for this study. The use of HuMAN system 

also may make it more likely that clinicians and researchers would be able to replicate 

analyses of this sort. 

 In order to create the computer models, two frames of action were selected from 

each instance of the target response (i.e., each instance of aggression for Billy and 

Evan, and each instance of property destruction for Erin and Reagan). Because each 

second of video was split into eight frames, and individual responses varied in duration, 

several frames of each instance of the target response were available for analysis (e.g., 

from cocking the arm to releasing the item). Thus, we selected the frame that recorded 

the exact moment at which the response met the definition for the target behavior (i.e., 

the moment at which a thrown object left the subject’s or the subject’s hand made 

contact with the therapist) as well as the frame immediately prior to that frame; the 

selection of these frames provided the best comparison of response force across 

instances. The HuMAN motion system used the selected frames to create a computer-

generated model of the angular velocity (mean degrees of rotation per second) at which 

specific joints (the shoulder and the elbow) were moving. In order to accomplish this, we 

selected specific body parts to track over time. For the elbow angular velocity we 
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tracked the shoulder, elbow, and hand. For the shoulder angular velocity we tracked the 

hip, shoulder, and hand. Following each session, the mean angular velocity for each 

joint was calculated by totaling all of the velocities and dividing by the number of 

responses.  

Results 

 Figure 5-1 shows the results of Billy and Evan’s FA. The left panels show the rate 

of aggression in the four assessment conditions. A higher rate of aggression was 

observed in the Attention condition, indicating that both Billy’s and Evan’s aggression 

was maintained by social positive reinforcement in the form of attention. 

 The right panels again show the rate of aggression, but only in the Attention 

condition, plotted with the mean angular velocity of two joints (elbow and shoulder) of 

Billy’s and Evan’s aggression during Attention sessions. The angular velocity data show 

that the speed of the aggressive acts decreased through the course of the FA despite 

increases in the rate of aggression for both subjects. For Billy, there was a slight 

increase in the force of the shoulder movement; however, there was also a sharp 

decrease in the force of elbow movements. By the final session, the force of elbow 

movements was less than 50% of the force in the initial Attention session. 

Topographically, Billy initially was throwing items in an overhead fashion and using both 

his elbow and shoulder to generate the aggressive act. Through the course of the 

assessment, Billy continued to use his shoulder to throw items, but decreased the 

degree to which he was flexing his elbow when engaging in aggressive acts. Because 

both the elbow and shoulder are involved in all throwing motions, these data indicate 

that the force of aggression decreased over the course of the assessment. For Evan, 

both elbow and shoulder velocity increased initially and then decreased over the course 
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of the assessment. Topographically, Evan was initially slapping the therapist in an 

overhand motion that incorporated both his elbow and shoulder. As sessions 

progressed, Evan continued to use his elbow and shoulder; however, the degree to 

which he flexed these joints and the speed with which he moved the joints decreased. 

Because of this, the severity of his aggression decreased. 

 Figure 5-2 shows the results of Regan’s and Erin’s FA. The left panels show the 

rate of property destruction in the four assessment conditions. A higher rate of property 

destruction was observed in the Demand condition, indicating that both Regan’s and 

Erin’s property destruction was maintained by social negative reinforcement in the form 

of escape from demands. 

 The right panels again show rate of property destruction, but only in the Demand 

condition, plotted with the mean angular velocity of two joints (elbow and shoulder) of 

Regan’s and Erin’s property destruction during the Demand sessions. The angular 

velocity data show that the speed of Regan’s property destruction decreased through 

the course of the FA despite increases in the rate of property destruction. However, this 

decrease in force was not as pronounced as for Billy and Evan. Topographically, Regan 

was throwing items in an overhead fashion and using both her elbow and shoulder to 

engage in property destruction through the course of the assessment and continued to 

use both the joints at a similar level, though the general range of action decreased. 

These data indicate that the force of property destruction decreased over the course of 

the assessment. The force of responses did not decrease for Erin. The angular velocity 

of her joint movements increased in some sessions but did not increase significantly 

across the course of the assessment. At the same time, the frequency of her problem 
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behavior was variable. It should be noted that angular velocities were generally low 

across Demand conditions for Erin even when a large number of responses occurred, 

and the severity of responding never increased to the point where any object was 

broken or damaged. Topographically, Erin threw items in both an overhead manner and 

in a pushing motion. In the 3rd and 5th sessions, she began to throw objects more 

forcefully in an overhead manner.  Because of this, the severity of property destruction 

increased in these sessions; however, no real change in responding was observed. 
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Figure 5-1. Response rate (left and right panels) and rate of arm rotation (right panel) 
during the functional analysis of Billy and Evan’s aggression. 
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Figure 5-2. Response rate (left and right panels) and rate of arm rotation (left panel) 

during the functional analysis of Regan and Erin’s property destrcution. 
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CHAPTER 6 
DISCUSSION 

 The present studies examined the relation between response rate and force in a 

series of translational contexts (Studies 1-3) and in one applied context (Study 4). 

Taken together, results of the studies identified several relations between response rate 

and force, which may be informative when teaching appropriate behaviors and treating 

problem behavior.  

 Although the applied aspect of the present research (Study 4) focused on force 

as it relates to problem behavior, force is equally relevant to the study of adaptive 

performance of clinical populations. For clinical populations, assessments of response 

force might be necessary for training individual sports (hitting the tennis ball at the 

appropriate speed, shooting a basketball, etc.), social skills (voice volume, handshake 

strength, etc.), and vocational tasks (piecemeal work, typing, etc.) A number of 

individuals with developmental disabilities are employed in piecemeal work or other 

activities that require fixed chains of behavior and varying levels of response force. 

Simplified chains of behavior could be designed for the benefit of those employed. That 

is, decreasing the number of movements to obtain reinforcement, as well as 

determining and training an ideal amount of force during each action, might increase 

productivity. In this manner, errors made because the response force is either too high 

(breaking an item) or too low (insufficient force to complete the task) could be identified.  

 Studies 1 and 2 examined the effects of manipulations that typically influence the 

rate of behavior. Specifically, Study 1 examined the rate and force of button presses 

under conditions of continuous (FR 1) reinforcement and extinction. Results of this 

study suggest that the relation between response rate and force is not straightforward. 
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In the FR 1 condition, some individuals’ (Evan and Karen, and in the second 

implementation of FR1 for Nick) response rate and force covaried positively. However, 

in the FR1 condition, some individuals’ (Jose and in the first and third implementations 

of FR1 for Nick) response rate and force covaried negatively. The negative covariation 

between response rate and force has been demonstrated in a number of studies 

(Notterman, 1959; Notterman & Mintz, 1965), and that an organism would find the 

minimum response requirement to obtain reinforcement seems intuitive. This was not 

found for some subjects in Study 1 and Study 2, which is notable. There are several 

possible explanations for this finding. The first is a species-specific difference. It is 

possible that humans as a species are less sensitive to identification of the minimum 

response force requirement than rats, although it is not clear why this would be the case 

from an evolutionary standpoint. Additionally, some of the human subjects did seem 

sensitive to force as a contingency (Study 3); therefore, an explanation in personal 

learning history is more likely. 

 In experiments where rats have been used as subjects, these animals are often 

naïve to the experimental situation prior to the experiment. Although none of the human 

subjects had a history of pressing a button to obtain reinforcement, the subjects were 

selected from a special education school. Thus, it is likely that in the subjects’ recent 

history, edible items may have been provided for academic tasks. These academic 

tasks most likely took the form of reinforcement provided for a rate of responding. For 

example, one might imagine a scenario where the individual earns an edible item for 

completing math problems. Here, the number of problems completed, rather than the 

force with which the individual grips the pencil or presses down on the paper, is 
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reinforced. It is therefore likely that a history of receiving reinforcement exists for 

responding more frequently (contingency on frequency rather than force). Additionally, it 

is equally unlikely that reinforcement has been associated with increased response 

force, except on a very general level  (i.e., sufficient pressure to make a mark with a 

pencil). Furthermore, when response force might be an important variable (e.g., 

increasing an subject’s exercise behavior), it is likely that reinforcement is provided for a 

corollary measure (e.g., distance) because of ease of data collection. Therefore, it is 

possible that each subject had an idiosyncratic history of reinforcement associated with 

response force, which would explain the differences observed in covariation. This point 

was highlighted by Nick’s data, where at the start of the experiment he was relatively 

insensitive to the minimum response force contingency, but in the final FR1 phase he 

began to engage in less effort through the course of the condition. Here, response force 

decreased as has been observed with other species in FR1 schedules. It is also 

possible that human subjects are somewhat sensitive to contingencies placed on 

response force, but that differential EXT is a necessary component for subjects to 

attend to this feature of their responding. That is, although subjects did not decrease 

response force in FR1 conditions, they did respond above the criterion when EXT was 

implemented for low levels of response force. 

 In addition, the finding that EXT bursts of response force are more likely than 

EXT bursts of rate is significant and has direct implications for the clinical treatment of 

severe problem behavior. EXT is a common and effective procedure for reducing 

severe problem behavior exhibited by individuals diagnosed with developmental 

disabilities  (Lerman & Iwata, 1995). However, this procedure has also been associated 
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with undesirable side effects such as increases in the rate of problem behavior, 

extinction induced aggression, and emotional responding (Lerman & Iwata). To this list 

of potential side effects, an increase in the severity of problem behavior exhibited by the 

individual should also be considered. The results obtained in Study 1, as well as results 

from the Notterman (1959) and Notterman and Mintz (1965) studies, demonstrated that 

an increase in response force is likely in EXT. This effect, however, has never been 

demonstrated with problem behavior. This may be because of difficulties in measuring 

the severity of problem behavior; the methods described in Study 4 provide a system 

through which the severity of problem behavior in treatment (e.g., EXT) might be 

measured. The addition of reinforcement procedures for appropriate behavior to an EXT 

procedure may make an EXT burst in frequency less likely. However, it is not clear that 

the addition of a reinforcement procedure for appropriate behavior would also decrease 

bursts in response force. In addition, bursts in the force of problem behavior may be 

more relevant as they may be more likely to cause significant damage to the individual. 

The procedures described in Study 4 could examine this possibility as well.  

 Notterman and Mintz (1965) suggested two explanations for an increase in 

response force during extinction, which they observed every time that extinction was 

implemented following FR1. One explanation was biological in nature: For evolutionary 

reasons, unsuccessful responding might be rendered more effective if it occurs more 

vigorously. They related this explanation to the concept of “frustration” and provided the 

example of a squirrel attempting to drag a nut to storage. Here, the increase in 

response force has the biological advantage of eventually providing reinforcement. The 

authors also discussed reinforcement as a function of force from a learning perspective, 
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noting that, in any experiment with animals, several dimensions of a response are in 

flux. Specific to the experiments conducted, rats engaged in several types of lever 

presses to obtain reinforcement, which the authors described as more or less of a 

response-sampling repertoire that narrowed based on exposure to a contingency. 

Applying this explanation to results observed in reinforcement conditions, the authors 

noted that response force decreased because more forceful responses were not more 

effective in obtaining reinforcement. When rats subsequently were exposed to 

extinction, this “sampling” of response magnitudes was observed again. Thus, the 

pattern of response force during acquisition and extinction was similar, but reversed.  

 Study 2 examined the effect of ratio schedules of reinforcement on the rate and 

force of button press responses, and results of this study also suggested that the 

relation between rate and force of a response is not straightforward. Results obtained 

during the FR10 condition were mixed. There was no difference or only a slight 

difference in response force for Lisa and Nick when a larger number of responses was 

required to obtain reinforcement. A larger difference in response force was observed for 

the other two subjects (Evan and Karen). In addition, these subjects also had 

decreasing levels of response force in the FR1 condition. As noted previously, an 

increase in response force under higher ratio schedules seems counterintuitive. As the 

number of responses required to obtain reinforcement increases, response force might 

be expected to decrease because the organism is required to emit more behavior; thus, 

reductions in force conserve energy. However, this has not been observed in basic 

research. Only two studies have measured response rate and force under ratio 

schedules (Notterman & Mintz, 1965; Mintz, 1962). Mintz conducted the more relevant 
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of these studies, as it more closely approximated the procedures used in Study 2. Mintz 

examined FR12 schedules of reinforcement in rats that were earning a sucrose solution. 

He found that rats engaged in progressively more forceful responses until reinforcement 

was obtained. Although these data were not presented, this pattern of responding would 

also increase the mean peak force. Therefore, it is possible results obtained for Karen 

and Nick might be related to this effect. Finally, three of the four subjects (Evan, Karen, 

and Nick) showed increased variability in response force in the FR10 condition. 

Covariation (either positive or negative) between response force and response rate has 

been demonstrated in the previous Study 1 and this study in FR1 conditions. When 

positive covariation was identified, the force of response seemed to move with the 

response rate. This covariation also occurred in the FR10 condition.  

 Demonstrations of how response rate and force change as a function of changes 

in the response ratio requirement to obtain reinforcement might shed light on several 

behavioral processes. An immediate increase in mean response force was observed for 

three subjects (Evan, Karen, and Nick) in the FR10 condition of Study 2. In this way, 

FR10 more closely approximated the effects of EXT than FR1, at least initially. The 

FR10 condition is similar to the EXT condition in the sense that initial responses in the 

schedule are not reinforced. Although reinforcement is eventually forthcoming in the 

FR10, initial responses go unreinforced. Therefore, it is likely that this schedule would 

increase response force for some individuals.  

 A comparison of FR and fixed interval (FI) schedules of reinforcement in Study 2 

might have provided additional information. In FI schedules of reinforcement, a lower 

response rate would have been expected.  This lower rate then could be compared with 
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those results produced by an FR schedule of reinforcement. Furthermore, a comparison 

of FR and variable ratio (VR) schedules of reinforcement might have been interesting. In 

VR schedules of reinforcement, the delivery of the reinforcer is based on the average of 

the schedule value; reinforcer delivery would have been less predictable. This may have 

shed light on the underlying mechanisms for the increase in response force for some 

individuals. That is, the ordered increase in response force across the number of 

responses to obtain reinforcement may be disrupted when reinforcers are not delivered 

after a constant number of responses. Indeed, no research currently available has 

assessed response force in the context of VR schedules of reinforcement, and future 

research should assess this type of schedule. 

 Study 3 examined the effects of reinforcing a specific band of response force. 

Both subjects showed stable and moderate response rates and low levels of peak force 

in FR1. When subjects were required to respond at the high-threshold, response rate 

(both below and above threshold) became more variable, and a significant increase in 

response force was observed. Additionally, when the second minimum response FR1 

condition was implemented, more forceful responding was observed for both subjects. 

These data may have clinical relevance to response acquisition. For example, 

measuring response force may be of applied value in exercise. Sargeant et al. (1981) 

assessed exercise behavior through examining crank velocities on an exercise bike. A 

standard feature of many stationary exercise bikes is a watts reading. One could use 

the procedure described in Study 3 to increase energy output by reinforcing higher 

levels of exercise force and longer durations of exercise. In this way, exercise 
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responding could be based on sustained caloric output rather than distance, a measure 

in which caloric output may fluctuate.  

 One limitation of Study 3 was in the design of the apparatus, which made an 

audible “click” when .07 lbs of pressure were applied to close the switch. This became 

problematic during reinforcement of higher levels of response force because in the initial 

CRF condition, the audible click was associated with forthcoming reinforcement. This 

was no longer the case in the high-threshold condition. That is, some responses that 

produced a click did not produce reinforcement. Morris (1968) used an apparatus that 

only produced reinforcement when the lever was fully depressed. A spring controlling 

the amount of pressure required to depress the lever could be adjusted to a threshold 

level. This apparatus was ideal because the signal that reinforcement was forthcoming 

was the act of depressing the lever. This was not the case in the present study. It is 

possible that some variation of response force observed in the high-threshold condition 

was related to the fact that a previously paired stimulus was no longer paired with 

reinforcement. Future researchers assessing methods to increase response force 

should use apparatuses that provide either no exteroceptive cue that reinforcement is 

forthcoming, or a cue only when reinforcement is forthcoming.  

 Another limitation of Study 3 was that the effects of EXT were not examined 

following training on high- and low-threshold force requirements. Although the effects of 

EXT following high-threshold training would likely be identical to those observed in 

Study 1 (i.e., an EXT burst in rate and force), it is not clear what effect would be 

observed during EXT following low-threshold training. Because the subject had a history 

of reinforced responding, an EXT burst might occur. However, the most immediate 
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history would be reinforcement at a low level of force, which may engender responses 

of minimal force when reinforcement is no longer forthcoming.  

 Additional translational research is also required in examining the choice 

between responses when the parameters of reinforcement (rate, quality, immediacy, 

and magnitude) are held constant and only the amount of force required to engage in 

the behavior differs. However, no cohesive definition of response effort exists in the field 

of behavior analysis. For example, in a basic study, Baum (1982) examined the 

distance that pigeons traveled to press either of two buttons associated with concurrent 

VI schedules. The requirement for the VI schedules increased every time the organism 

obtained reinforcement on each button. In addition, the length of a partition between two 

buttons was increased such that switching between the two buttons was more or less 

effortful depending on the partition’s length. The author characterized switching as 

related to the effort to obtain reinforcement. In an applied study, Ringdahl et al. (2009) 

examined the effects of training three types of communication responses for three 

subjects with problem behavior maintained by access to tangible items. The authors 

trained the subjects to engage in three alternative responses (a switch press, a hand 

sign, & a card). During training, the authors collected data on the number of trials to 

acquire each response. The authors defined proficiency as the number of training trials 

in which the subject correctly emitted the communication response. The authors found 

that when subjects were highly proficient with a communication system, this 

communicative response was effective at treatment. In this study, effort was 

conceptualized as the subjects’ proficiency with each response. These two studies 

demonstrate that response effort has come to define a number of disparate 



 

54 

manipulations in behavior analysis. Therefore, the use of a load cell, which produces a 

quantitative measure of effort (in the amount of response force), is ideal for assessing 

the role of effort in choice on a translational level. 

 Study 4 evaluated a computer modeling approach to the measurement of 

severity of problem behavior in the context of assessment. Results of this study were 

significant in two ways. First, the study demonstrated a method for conducting a more 

through analysis of problem behavior than is obtained in clinical settings. Although time 

consuming, the technology could be helpful in quantifying risk during assessment or 

success/failure during treatment when problem behavior occurs at varying intensities.  

For example, initial probes of a treatment could be conducted to determine whether 

alternative or supplementary procedures are needed to minimize the risk of potentially 

severe problem behavior.     

 Study 4 also demonstrated that problem behavior did not become more severe 

over the course of the assessment of problem behavior. The force of Billy’s, Regan’s, 

and Evan’s problem behavior actually decreased over the course of the assessment, 

even while their rate of problem increased. These results correspond with previous 

findings for rats’ lever responses exposed an FR1 schedule of reinforcement 

(Notterman, 1959).  The force of Erin’s problem behavior remained stable over the 

course of the assessment, even while the rate of her problem behavior was variable. 

Thus, increases in the frequency of individual’s problem behavior per se during 

assessment do not necessarily increase risk of injury.    

 Most research on response force indicates that response force decreases in FR1 

schedules (Notterman, 1959; Notterman & Mintz 1965). All of the experiments 
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conducted in the present study included at least one FR1 condition, providing a total of 

24 FR1 implementations. Of the 24 FR1 conditions, a decreasing trend in force was 

observed in 12 implementations, and a stable trend was observed in the other 12. Two 

subjects (Erin and Evan) participated in at least one translational and one applied study, 

both of which included the implementation of an FR1 schedule. Erin showed a stable 

trend in all FR1 conditions in Study 3 and Study 4. Evan showed a decreasing trend in 

three of the four implementations of FR1 in Study 1 and Study 2 and a decreasing trend 

throughout Study 4. In these two cases it appears that the results of FR1 

implementations conducted with an arbitrary response predicted the results when FR1 

was implemented with problem behavior. 

 In summary, results of the present studies suggest that the force of a response, 

which often is taken for granted in both basic and applied research, deserves further 

study as a dimension of behavior that it important in its own right. Furthermore, the 

technology exists to study this relation in different settings. Relations between the rate 

and force of human responding need to be examined more thoroughly such that better 

predictions can be made of changes in force during both response acquisition and 

reduction procedures. Equally important, attempts should be made to measure 

response force more directly during the course of assessment and intervention when 

changes in force may be either beneficial or problematic.  
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Table 2-1. Subject characteristics 
Name Age Classification Communication 

Skills 
Definition of Target Behaviors 

Evan 8 Autism No verbal or 
symbolic 
language 

Study 1 & 2: Depressing a button so 
a “click” is heard 
Study 4: Forceful contact between 
Evan’s hand and the therapist 
traveling from a distance of at least 6 
inches 

Karen 14 Autism & 
Mental 
Retardation 

PEC sentence 
strip 

Depressing a button so a “click” is 
heard 

Jose 14 Autism & 
Mental 
Retardation 

Three to four 
word sentences 

Depressing a button so a “click” is 
heard 

Nick 19 Autism No impairment Depressing a button so a “click” is 
heard 

Lisa 22 Autism No impairment Depressing a button so a “click” is 
heard 

Leo 15 Autism & 
Mental 
Retardation 

Three to four 
word sentences 

Depressing a button so a “click” is 
heard 

Regan 14 Autism & 
Mental 
Retardation 

One word sign 
language 

Throwing objects more than 3 inches 
(not directed at the therapist) or 
making forceful contact between her 
palm and any object in the room 

Erin 15 Down 
Syndrome 

One word sign 
language 

Study 3: Depressing a button so a 
“click” is heard 
Study 4:Throwing objects more than 
3 inches (not directed at the 
therapist) 

Billy 11 Autism One word sign 
language 

Throwing an object within .5 m of the 
therapist 
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