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Operant response rate can be viewed as bouts, periods of alternating engagement and 

disengagement with ongoing schedules of reinforcement. Relatively few studies have examined 

the role of force and effort on engagement bouts. Moreover, those examining effort have used 

switch closure devices to define the response. Switch closures tend to overestimate the effect of 

effort because increasing the force requirement excludes low-force responses that previously 

activated the switch. In the present study, we examined the effects of effort using a force 

transducer, which allows us to record criterion responses that meet the force requirement and 

subcriterion responses that do not.  The current study was conducted using four male Sprague 

Dawley rats. Each rat was run through a series of four conditions, each with a different 

combination of variable interval schedules (VI 30s, VI 120s) and force requirements (5.6g, 32g). 

Log survivor analyses of bout structure showed that increased force requirements decreased the 

rate of bout initiations.  Additionally, when log-survivor functions were computed using only 

criterion responses, shifts in the function were less extreme than when all measured responses 

were used; the latter finding suggests exclusion of “subcriterion” responses in prior work has 

overestimated the effects of force on bout structure 
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CHAPTER 1 

INTRODUCTION 

Skinner (1938) argued that the defining dimension of free operant behavior was its 

probability of occurrence in time.  Computationally, probability is difficult to determine, 

particularly when sampling durations are free to vary.  Rate of response, on the other hand, is 

defined by the number of responses per unit time and is a convenient parallel to probability.  

Thus, response rate emerged early on as the fundamental datum in the analysis of behavior 

(Skinner, 1938).  One consequence of Skinner’s formulation is that response rate is taken to 

reflect the organization of a coherent “class” of behavior and its probability of occurrence.  

Accordingly, the temporal separation between one response and another (i.e., the interreponse 

time or IRT) is taken reflect something about a single class of responses, and response rate is 

simply the inverse of the average IRT. 

  At the same time, one cannot ignore the fact that animals are not limited to a single 

response, even if only one is defined in the experimental context (e.g., Herrnstein, 1970).  There 

may be many unspecified responses and unspecified consequences that prevail in the moment.  

In addition to the targeted task, usually food acquisition, animals may groom, explore, sleep, 

defecate, etc.  Engagement in any unspecified tasks presumably takes the animal away from the 

measured task.  Instead of reflecting the uniform probability of response emission, the temporal 

stream of IRTs may be better thought as periods responding and transitions between concurrently 

available alternatives. Responding may reflect less the “strength” of a common class and more a 

mixture of IRTs arising from multiple sources.   

A great deal of prior research has attempted to understand response rates during an 

operant task as a series of bout and interbout periods.  Shull (2011) describes engagement with 
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the response of interest (i.e., transducer or lever press) as within bout responding, or bout visits. 

The visits are interspersed with periods of disengagement with the behavior of interest or 

engagement in behaviors that do not produce programmed consequences (i.e., sleeping, eating, 

grooming), called between bout responding. The conceptualization is often referred to as the 

two-state model of activities (i.e., Steller & Hill, 1952). The transition from within to between 

bout states is called a changeover (Shull, 2011). Using this lens, rate can be viewed as at least 

two separate streams of activities: within bout response rate and bout initiation rate. The within 

bout rate is the rate of responding while the organism is engaged in the behavior of interest (i.e., 

a lever press). The bout initiation rate is how often the organism begins a new bout following a 

period of disengagement.  

The two rates can be represented graphically with a log survivor plot. The resulting graph 

looks like a broken stick, the combination of two lines with different slopes (Shull, Gaynor, & 

Grimes, 2001). Figure 1 provides an example of a broken stick function. The left portion depicts 

the within bout IRTs, while the right portion shows the between bout IRTs. The slope between 

any two points indicates the frequency of IRTs in that interval, with a steeper slope indicating a 

higher relative frequency. (Shull, Gaynor, & Grimes, 2001). The left portion of this type of log 

survivor plot has a much steeper slope than the right portion, indicating a faster response rate 

within bouts, and a slower rate between bouts. Steeper slopes also imply within bout IRTs are 

shorter than between bout IRTs. Said another way, the organism pauses for less time between 

responses within the same bout than it does between the last response in one bout and the first 

response in the next.  

Variable interval (VI) schedules have been commonly used to study the bout structure of 

operant behavior because reinforcement rate can be tightly constrained and VI schedules tend to 
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produce steady response rates between reinforcers and throughout a session (Shull, 2011). When 

overall rate increases are reported, it is typically a result of decreased pause length and increased 

bout initiation rate (Morse, 1966). Similarly, decreases in total rate are a function of increases in 

pause length and decreases in bout initiation (Ferster & Skinner, 1957; Sidman & Stebbins, 

1954). The overall rate changes are useful, but do not provide any information about responding 

in the two-state model. There are several factors that have been shown to modify within bout or 

bout initiation rates. Based on research done by Ferster & Skinner (1957) and Lattal (1991), 

Shull, Gaynor, & Grimes (2001), suggest that schedule variables (i.e., VR-VI tandem schedule) 

may alter the within bout response rate, while motivational variables (i.e., deprivation, reinforcer 

rate, reinforcer quality, and availability of alternatives) may affect the rate of bout initiation. 

A study by Brackney, Cheung, Neisewader, & Sanabria (2011) manipulated motoric, 

schedule, and motivational variables to isolate the effects of each on operant responding in rats. 

Motoric effects were manipulated as effort requirements, with a tall, high-force lever contrasted 

against a short, low-force lever. The tall, high force lever was located 165 mm above the 

chamber floor and had a force activation of 0.78 N (~ 79.5 g); and the short, low force lever was 

located 21 mm above the floor and required 0.05 N (~ 5.1 g) for activation. Following a brief 

acclimation period at the start of each session, only one lever was extended at a time. Force 

manipulations were active during both schedule manipulations and the food deprivation session. 

Schedule effects were quantified by comparing a VI 120 s and a tandem variable-time (VT) 120-

s, fixed-ratio (FR) 5 schedule. In the VI schedule, pellets were delivered following the first 

successful lever press after the end of the interval. In the tandem schedule, pellets were delivered 

following 5 successful presses after the interval. Motivational effects were measured during a 

single session following 24-hour food deprivation, using the tandem VT 120 s, FR 5 schedule. 
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The authors then estimated the bout parameters (i.e., within-bout response rate, bout initiation 

rate, etc.) affected by each manipulation.  

Brackney et al (2011) tested the fit of four theoretical models: single exponential, 

refractory single exponential, bi-exponential, and refractory bi-exponential. The refractory 

models correct for the “dead time” between responses, during which another response cannot be 

recorded because the lever has not returned to the starting position. The single and bi-exponential 

comparison examines whether the data is best explained by a single exponential function or the 

combination of two exponential functions. The refractory bi-exponential model was by far the 

best fit.  

Brackney and colleagues (2011) concluded that schedule and deprivation both 

significantly affected response rate by comparing the VI 120 s and tandem VT 120 s, FR 5 

schedules, and the tandem schedule with and without deprivation, respectively. Response rate 

roughly doubled with the addition of a tandem FR requirement, and further increased in the food 

deprivation session. Workload was found to significantly alter the refractory period and the bout 

initiation rate, with the smaller workload having a shorter refractory period and higher bout 

initiation rate in all three conditions (VI, tandem, and deprivation). However, because workload 

was manipulated by changing the lever height and force requirement simultaneously, it is unclear 

if the effect is a result of the different topographies available for each lever, the lever height, the 

force requirement, or some combination of these variables.  

In the log survivor functions for the VI 120 s condition, the high workload lever has a 

lower proportion of IRTs separating bouts, lower bout initiation rate, slightly higher within bout 

response rate, and higher refractory period compared with the low workload lever. In all 
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conditions, there was a higher proportion of within bout responses in the high workload 

compared to low workload levers. 

A lever is a discrete measurement, meaning that in order for a response to be counted, the 

rat has to press on the lever with enough force to close the circuit, and this either happens or does 

not. The lever does not have the capacity to capture lever pressing “attempts” (topographically, 

the rat engages in a lever press, but not with enough force to close the circuit and record the 

response). For example, if the force criterion is set at 24 grams and the rat presses on the lever 

with a force of 17 grams, the response would not be captured by a lever. The omission reflects an 

obvious problem if we compare rates to a lower force requirement, say 12 grams of force, where 

the 17-gram response would be counted.  If we observe changes in the IRT structure, we do not 

know if it is because response emission has been lowered or because other responses have been 

excluded.  

As suggested by Notterman & Mintz (1965), responses may exist above the threshold of 

detection, but below the criterion for reinforcement. A force transducer apparatus, unlike the 

lever apparatus, allows the experimenter to record these subcriterion responses. The placement of 

the transducer disk also allows for specific topography selection. Finally, transducers do not 

require any time to reset, making them a desirable alternative to levers. Figure 2 depicts the 

difference between criterion and subcriterion responses. The threshold force is the minimum 

force required to activate the apparatus, and is set low enough that all response attempts are 

captured, but high enough that extraneous noise is not. The criterion force is the minimum force 

required for a response to count toward reinforcement, and is set independent of the threshold 

force. When the criterion force is set higher than the threshold, a potential subcriterion response 

class is created, consisting of responses that meet the threshold but not criterion force 
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requirements (i.e., panel B in Figure 2). The exclusion of subcriterion responses decreases the 

total measured output of the organism, and artificially lengthens IRTs by including the duration 

of intermediate subcriterion responses. 

The present study sought to investigate the effects of effort on bout structure while 

accounting for the subcriterion response class. To this end, we used a force transducer in order to 

capture all responses and response attempts. The use of a transducer also negated the need to 

correct for the influence of a refractory period on the IRT distribution. 
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CHAPTER 2 

METHOD 

Four male Sprague Dawley rats (Harlan Laboratories, Indianapolis, IN) participated in 

the study. The rats were experimentally naïve and approximately 3 months old at the time of the 

study. All rats were kept at 80-85% of their free-feeding weight. During non-experimental 

periods, the rats were pair housed in a colony room, in plastic bins with corn cob lining, ad lib 

access to water, and Enviro-dri shredded paper for enrichment and nesting. Each rat was 

individually fed 12 g of LabDiet rodent food (ProLab RMH 1800) after each experimental 

session to maintain body weight deprivation level. The rats were kept on a reverse 12hr 

light/dark cycle. All experimental sessions began within the 3rd and 4th hours of the dark cycle.  

All experimental procedures were approved by the University of North Texas’ IACUC.                   

Four custom built operant chambers were used. The internal dimensions of each chamber 

were 20 cm x 20 cm x 23 cm. Each chamber was enclosed in a sound- and light-attenuating box. 

Two walls were made of 16-gauge stainless steel; the third wall, chamber door and ceiling were 

made of clear acrylic. The floor was made of 4 mm thick, perforated stainless steel suspended by 

stainless steel bars allowing excreta to fall into a steel tray lined with corn cob bedding. Along 

one of the steel walls, approximately 1 cm from the front wall and 3 cm from the floor was an 

opening for a 6 cm x 6 cm x 5 cm food receptacle. Attached to the receptacle was a food pellet 

dispenser (Med Associates, Model ENV-203-45, St. Albans, VT), which delivered 

approximately 45-mg of food per pellet (Bio-Serv, Frenchtown, NJ). Located next to the food 

receptacle and approximately 4.5 cm from the floor was a 1.2 cm in diameter opening. This 

Subjects and Setting

Apparatus and Measurement
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provided access to a 1 cm in diameter aluminum disk mounted on a force transducer (Sensotec, 

Model 31, Columbus, OH, USA). The surface of the disk was perpendicular to the opening and 

was located approximately 0.5 cm from the outer wall of the chamber, thereby restricting the 

response topography to the animal’s forepaws. The transducer apparatus allowed the minimum 

threshold and criterion forces to be set independently. The threshold force for the transducer was 

set at 5.6 g to exclude extraneous noise.  That is, sessions run without an animal in the chamber 

never produced forces that exceeded the threshold value.  Sessions conducted without an animal 

in the chamber showed that forces regularly varied +1 g, which may be considered the error of 

measurement. The programming of all experimental events and data recording was accomplished 

via custom software written in LabVIEW™ (National Instruments, Austin, TX) running on a 32-

bit Windows™ operating system.  

Training. The pressing response was hand-shaped by requiring the rats to reach through 

the access hole and press the transducer disk. Successful presses were followed by manual 

activation of the pellet hopper, which resulted in the delivery of two food pellets (approximately 

90 mg). Each hand shaping session lasted until approximately 100 pellets had been delivered. 

Hand shaping lasted roughly two weeks. Following hand shaping, the rats ran several sessions on 

an FR 5 at a criterion force of 5.6 g.  

General procedures. Each session lasted for 50 reinforcer deliveries or 110 minutes, 

whichever came first. Each rat was run through 4 conditions comprised of a VI schedule (VI 30 

s, VI 120 s) and a force requirement (5.6 g, 32 g). The sequence of conditions was different for 

each rat. For example, the rat that started in the VI 30 s, 5.6 g condition went next to the VI 120 

s, 5.6 g; VI 120 s, 32 g; and VI 30 s, 32 g conditions, in that order. Each rat followed a similar 

Procedures
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pattern, with only one variable changing per condition shift. Following the completion of the 

interval, the first response that met the criterion force requirement resulted in the delivery of two 

pellets. Each condition was repeated for roughly 20 sessions. Many sessions of the third 

condition were interrupted by construction in the laboratory facility, so to provide a cleaner 

exploration of the condition, it was repeated following the fourth condition. Table 1 shows the 

condition sequence for each rat. 

Forces were collected from the transducer at a sampling rate of 50 samples / sec.  Forces 

were digitized and stored for later analyses. Number of responses is the total number of 

responses, criterion and subcriterion, an animal made in a session. Peak force is an average of the 

maximum force of each response across each session. Duration is the average length of the 

transducer press per session. Time integral of force (TOF) is an area-under-the-curve analysis of 

effort created by a composite of peak force and response duration. TOF was calculated for each 

response within a session and then averaged across each session. Rate was calculated in two 

parts, total and criterion. The total rate was calculated using all responses in a session, while the 

criterion rate was calculated using only responses that met the minimum force requirement for 

the session. Both rates were calculated as the number of responses in their respective category 

divided by the length of the session. Reinforcement rate was calculated as the average number of 

reinforcement deliveries per minute, per session. IRTs were calculated as the length of time 

between the termination of one response and the initiation of a new response, thus excluding 

response duration. Log survivor functions were calculated by aggregating all IRTs over the last 

five days of a condition. The aggregated IRT’s were then ranked from smallest to largest.  For 

each IRT t, the proportion of IRTs exceeding a duration (s) of t could then be computed. Data for 

Data Analysis
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number of responses, peak force, response duration, time integral of force, rate, and 

reinforcement rate are presented as an average of the last five days of each condition. Graphical 

analyses were made of all the data. For consistency, the y-axes were adjusted so that the highest 

data point on each graph is 90% of the maximum point on the axis.  
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CHAPTER 3 

RESULTS 

Figure 3 presents the average number of response per condition per subject.  The 

emphasis of this figure is to compare the effects of force within, and not between schedules. 

Note, these values include both criterion and subcriterion responses, and so reflect total output. 

Response force did not have systematic effect on response output. Peak force data for each 

subject is presented in Figure 4. All animals showed greater average peak forces when criterion 

forces were set to 32.0 g compared to forces obtained when the criterion was set to 5.6 g. Figure 

5 depicts average response duration for each subject. In the VI 30-s conditions, response duration 

decreased as force increased for subjects A1 and A2, and increased for subjects A3 and A4. In 

the VI 120-s conditions, response duration decreased in the higher force condition for subject A1 

and increased for subjects A2, A3, and A4. Overall, there were no systematic effects of force 

requirements on response duration.  

Figure 6 presents time integral of force (TOF) data for all subjects. TOF is the area under 

the curve of the force-time function.  The time-integral reflects the average force sustained by 

duration and may be considered a measurement of effort (Notterman & Mintz, 1965). The data 

shows that subjects A2, A3, and A4 expended more effort in both high-force conditions. A1 

expended more effort in the high force condition for the VI 120-s schedule, and less effort in the 

high force condition of the VI 30-s schedule. Figure 7 displays reinforcement rate data, showing 

that the reinforcement rate was about 2 per minute in the VI 30-s conditions and about 0.5 per 

minute in the VI 120-s conditions for all subjects.  

Response rate data is depicted in Figure 8. Total rate is calculated using all responses, 

and criterion rate is calculated using only responses that are greater than or equal to the minimum 
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force requirement for the condition. In the low-force conditions, criterion and total response rates 

are equal because the criterion force requirement is equal to the recording threshold of the 

transducer apparatus. Increasing the force requirement above the threshold creates a subcriterion 

response class, indicated by the distance between the total and criterion only lines in the high 

force conditions. In both high force conditions, the criterion rate is lower than the total rate for 

all subjects. In general, the leaner VI schedule (VI 120-s) and the higher force requirement 

produced lower response rates. 

Figures 9 and 10 display the log survivor functions for the VI 30-s and VI 120-s 

conditions, respectively. The initial steep portion of the curve, starting in the top left corner of 

the graph, is considered within bout responding. The portion following the bend, where the slope 

becomes less steep is indicative of between bout IRTs. For all subjects, the between bout IRTs 

were longer in the high force condition for all subjects when examining only criterion responses, 

but shorter for 3 of the 4 subjects when all responses were included. Additionally, for 3 of the 4 

subjects, the proportion of within bout IRTs is higher in the low force condition. For all subjects, 

there is a marked difference between the criterion and total IRT distributions in the high force 

conditions.  

In the VI 120-s conditions, all subjects had shorter between bout IRTs in the low force 

condition than both the total and criterion distributions of the high force condition. The between 

bout IRTs in the total high force distribution were also shorter than when only criterion 

responses were used to construct the distribution, and this was true for all subjects. For 3 of 4 

subjects, the between bout IRT distribution for the low-force condition is nearly identical to the 

total high force distribution. For 3 of 4 subjects, the proportion of IRTs in the within bout portion 

is significantly smaller in the high-force when only criterion responses were used to construct the 
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distribution than both the low force and high force total distributions. For all subjects in both 

schedules, distributions obtained with 32-g force criteria are shifted left when all the responses 

(criterion and subcriterion) were used to compute the distribution than when only criterion 

responses were used, with a greater disparity between the lines in the leaner schedule. 
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CHAPTER 4 

DISCUSSION 

 Overall, the data show that force requirement had no systematic effect on response 

output, duration, and reinforcement rate. Instead, increases in criterion force requirement had a 

selective effect on force and its time-integral. The higher force requirement generated higher 

peak forces across all subjects. Peak forces in the leaner VI schedule were slightly suppressed 

compared with the forces attained in the richer schedule. Additionally, subjects expended more 

overall effort in the high force conditions with no systematic effect of schedule. Taken together, 

the data indicates that increasing the criterion force systematically increases effort expenditure.  

Previous research has also supported this finding (e.g., Zarcone, Chen, & Fowler, 2009). 

 The separation between total and criterion lines in Figures 8, 9, and 10 expose a 

subcriterion response class. The existence of this response class is important for two reasons. 

First, excluding subcriterion responses overestimates the effect of effort on bout structure, 

especially in a leaner schedule. Examining only the criterion IRTs in Figures 9 and 10, there is a 

large disparity between the 5.6 g and 32.0 g conditions in both schedule components. When the 

subcriterion responses are included, the effect of force on the leaner VI is still readily apparent, 

but the effect on the richer schedule becomes less pronounced and more variable. This effect 

could be a function of how IRTs are calculated when only criterion responses are included. 

Excluding subcriterion responses from the analysis artificially lengthens IRT durations by 

including the duration of the subcriterion response, and the IRT that follows it. In panel A of 

Figure 2, the IRTs between the first and second response, and the second and third response are 

fairly short, and exclude the duration of the second response. In panel B the second response is 

now subcriterion and excluded from the analysis. The IRT following the first response is now 
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longer, including the second IRT from panel A and the duration of the second response. In 

general, failing to account for subcriterion responses distorts the data and subsequent analyses, 

leaving researchers with an incomplete account of behavior. 

 Second, excluding subcriterion responses distorts the effects of force on response rate. 

For all subjects, when examining only the criterion rates, there is an apparent punishing effect 

apparent when comparing high and low force conditions in both schedules. Inclusion of the 

subcriterion responses negates this effect for subjects A1, A2, and A3 in the rich VI schedule and 

subject A3 in the lean schedule, and weakens the effect for subjects A1, A2, and A4 in the lean 

schedule. Previously, we have shown in our lab that the apparent punishing effects of effort tend 

to be mitigated, if not eliminated, by inclusion of subcriterion responses (Pinkston & Libman, in 

press).  The present results show a similar pattern.  When subcriterion responses are included in 

the rate calculation, apparent punishment effects diminish or disappear. The results suggest that 

the effects of effort manipulations on response rate may act primarily through the generation of 

the subcriterion response class, rather than by direct effects of effort requirements per se. 

 In comparison with Brackney et al. (2011), the present study did not systematically find 

that higher force requirements increased the proportion of within bout responding, even when 

comparing low force and high force criterion only distributions. It is possible that the lack of 

concordance is a function of the workload manipulation, itself. The present study manipulated 

workload by increasing the force requirement alone, while Brackney and colleagues (2011) 

increased the force requirement and lever height, requiring a different response topography for 

low and high workload levers.  

 The log survivor functions in Figures 9 and 10 seem to show a three-part break in the 

distributions for some subjects, rather than the two breaks predicted by the two-state model (i.e., 
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Steller & Hill, 1952), suggesting that there could be an unknown factor effecting the organization 

of IRTs. Our failure to observe a strictly two-line pattern is not unusual. Bowers and colleagues 

(2008) investigated the appropriateness of bout analysis and the two-state model to characterize 

VI and VR responding in pigeons. They found that the log survivor plots for VR schedules could 

be readily identified as having two distinct states (broken-stick shaped), but that VI plots showed 

more continuous slopes, making it difficult to separate engagement and disengagement states. 

Bowers et al. (2008) also noted the both VI and VR plots often had multiple inflection points, 

potentially suggesting that behavior may be characterized by more than two states.  

This is further supported by Tanno (2016), who examined thirty models for goodness of 

fit to a log survivor plot obtained using VR 30 and yoked VI schedules, and found that a four-

component log-normal distribution model (L4) best accounted for the data. A four-component 

model has multiple inflection points and suggest that the data is best described by the summation 

of four equations, rather than the two suggested by the two-state model and supported by 

Brackney et al. (2011) refractory bi-exponential model. Behaviorally speaking, a four-

component model would suggest that there are four distinct behavior patterns, just as the two-

state model suggests two patterns (engagement and disengagement). The appearance of 

additional inflection points in our data are not the result of peculiar features of our apparatus and 

have been reported elsewhere. 

Future research should continue to investigate the appropriateness of the two-state model 

and the source of the additional inflection points often observed in bout analyses. Further 

research is also needed on the role of the subcriterion response class in operant behavior. We 

have demonstrated here that subcriterion responses have a substantial impact on bout analyses, 



 17 

but additional work is needed to support our initial findings and to quantify the impact on other 

analyses.  
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Figure 1. This is an example of a broken stick function. Notice that the slope of the left portion of the graph (0-1 on the x-axis) is 
significantly steeper than the slope of the right portion of the graph (1-9 on the x-axis). This suggests that the line is the 
composite of two different lines, each with its own slope.  
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Figure 2. This figure presents two identical response streams with different criterion force requirements. In panel A, the 
threshold and criterion forces are equal.  All 6 responses meet the criterion for reinforcement, and the responses and 
corresponding IRTs would be recorded by a lever. In panel B, the criterion force is set above the threshold for detection, 
excluding two of the response attempts and lengthening the IRTs between the responses that surround them. The 2 excluded 
responses are called subcriterion responses because their peak force is below the criterion for reinforcement. Subcriterion 
responses are not detected by a lever.  
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Table 1  

Condition Sequence for Each Rat 

First condition Second 
condition 

Third condition Fourth condition Repeated 
condition 

A1 VI 30-s, 5.6 g VI 120-s, 5.6 g VI 120-s, 32 g VI 30-s, 32 g VI 120-s, 32 g 

A2 VI 120-s, 5.6 g VI 30-s, 5.6 g VI 30-s, 32 g VI 120-s, 32 g VI 30-s, 32 g 

A3 VI 30-s, 32 g VI 120-s, 32 g VI 120-s, 5.6 g VI 30-s, 5.6 g VI 120-s, 5.6 g 

A4 VI 120-s, 32 g VI 30-s, 32 g VI 30-s, 5.6 g VI 120-s, 5.6 g VI 30-s, 5.6 g 

Table 1. This table shows the condition sequence for each rat. The repeated condition is identical to the third condition for each 
rat. 
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Figure 3. This figure shows the number of responses per condition per subject. Responses in each condition are calculated as an 
average of the last five sessions. 
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Figure 4. This figure shows the average peak force across the last five days of each condition for each subject. 
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Figure 5. This figure shows the average duration across the last five days of each condition for each subject. 
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Figure 6. This figure shows the average time integral of force across the last five days of each condition for each subject. Time 
integral of force is a composite measure of duration and force that measures total effort per response as an area-under-the-curve 
(AUC) analysis. 
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Figure 7. This figure shows the average reinforcement rate per subject per condition. 
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Figure 8. This figure shows the response rates for each subject in each condition. The total rate is calculated using all responses, 
and criterion rate is calculated using only responses that meet the minimum force requirement. 
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Figure 9. This figure shows the log survivor IRT distributions for the VI 30-s conditions. The criterion line includes only 
responses where the minimum force requirement was met in the high force condition. The total line includes all responses in the 
high force condition.  
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Figure 10. This figure shows the log survivor IRT distributions for the VI 120-s conditions. The criterion line includes only 
responses where the minimum force requirement was met in the high force condition. The total line includes all responses in the 
high force condition. 
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