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The purpose of this experiment was to study the effects of training history on retention 

and re-acquisition of stimulus control of previously learned behaviors. In Phase I, two pairs of 

behaviors were alternately trained. Circle and touch behaviors were trained concurrently until 

two consecutive errorless sessions were run. Spin and down behaviors were trained together in 

the same manner. Probe sessions, in which all four cues were presented, were conducted each 

time a pair of behaviors reached this criterion. Training of one pair did not occur until the other 

pair had reached criterion and probe sessions were run. Despite achieving the designated 

criterion during training, stimulus control changed during probes. During probe sessions, errors 

increased under the cues that were not currently being trained. In most cases, the type of 

errors emitted for each cue was the same as the behavior that was trained concurrently. The 

number of training sessions required to reach criterion accuracy was high during the first set of 

sessions and decreased over the course of the experiment. In Phase II, spin and circle behaviors 

were trained concurrently. The number of sessions required to reach stimulus control criteria 

remained low, and the number of errors emitted under the spin and circle cues during probe 

sessions decreased. However, the number of errors increased under the touch cue. In Phase III, 

a reinforce-all procedure was used instead of extinction to test stimulus control. The highest 

frequency of errors occurred under the touch cue, but the down error was almost exclusively 

emitted under every cue during the last several sessions. 
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INTRODUCTION 

Although most trained behaviors are intentionally put on a specific cue, other 

environmental stimuli gain control over the behavior as well. So who really defines the cue for a 

particular contingency? Sidman (1979) stated that “we might be tempted to infer that the 

experimenter-specified stimuli are relevant to the subject” (p. 124). Stimulus properties can fall 

into different dimensional categories, such as physical and temporal. Physical dimensions 

include visual, olfactory, tactile, gustatory (taste) or auditory properties. Temporal dimensions 

can describe the reinforcement history of the stimulus, including reinforcement schedules, the 

length of exposure to a particular contingency, or the timing of one stimulus presentation 

relative to another. Each of these properties make up the stimulating environment, and each 

can have a different effect on stimulus control. Several trials are necessary to examine these 

effects, but over the course of those trials, “control may well have fluctuated among several 

correlated sources” (p. 124).  

  To identify which conditions are controlling the behavior, the experimenter must 

systematically manipulate the environment. To test if a behavior is under stimulus control of a 

particular cue, Pryor (2001) proposes four criteria that must be met: “1) the behavior is always 

offered when that cue is presented; 2) the behavior is not offered in the absence of that cue; 3) 

the behavior is not offered in response to some other cue; and 4) no other behavior occurs in 

response to that cue.” To utilize all four criteria, at least two separate cues must be used; one 

that will serve as the discriminative stimulus (SD) for the target response, and one that will 

serve as the SD for another response. In this experiment, we trained the target behaviors in 

pairs, allowing us to use all four of Pryor’s criteria to test for stimulus control of the cues.  
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In addition to cues, other sources of control, such as the context and the training history 

of an individual, can be tested. Freeman and Lattal (1992) found that the relationship formed 

between reinforcement schedules and their associated SDs can alter the expected performance 

when the reinforcement schedule is changed. In this study, pigeons were trained to respond on 

a fixed-ratio (FR) schedule in the presence of one stimulus, and on a differential-reinforcement-

of-low-rate (DRL) schedule in the presence of a second stimulus. The FR schedule produced 

higher response rates than the DRL schedule. The pigeons were later trained in the presence 

the previous two stimuli but under identical fixed-interval (FI) reinforcement schedules. Despite 

the identical schedules, the stimulus which was previously associated with the FR schedule 

continued to evoke higher rates of responding. Therefore, the initially trained stimulus-

response relation (i.e. the subject’s training history) carried over to the new contingency, as the 

response rate was not immediately affected by the change in the reinforcement schedule.  

Another issue in evaluating stimulus control is to decide whether to use extinction or 

reinforce-all procedures. In his review of Guttman and Kalish’s (1956) study, Rilling (1977) 

criticized the use of extinction to test for generalization. In this study, pigeons were trained to 

peck a key in the presence of a visual stimulus (colored key) on a variable-interval (VI) schedule. 

After “a substantial rate of responding was established,” they tested for generalization by 

presenting the trained stimulus and several other key colors under extinction (Rilling, 1977, p. 

434). After the extinction phase, the birds were re-trained under the same VI reinforcement 

schedule, and tested for generalization via extinction again. The total number of responses 

decreased from the first generalization test to the second, suggesting that some learning was 

taking place during extinction (Guttman and Kalish, 1956). Rilling stated that the “major 
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disadvantage” to using extinction to measure generalization is the inability to achieve a 

“behavioral baseline which is both stable and recoverable” (1977, p. 434). When the animal 

learns that the contingency has changed, it may change its response on each trial.  

Another disadvantage to using extinction is the occurrence of the extinction burst, in 

which the subject continues to offer a response that is no longer reinforced. After the 

extinction burst, the subject will often offer a variety of incorrect responses. These responses 

have usually been included in the original contingency at some point in the subject’s training 

history, either through reinforcement during shaping or by proximity in training schedules.  

To avoid these potential problems, we used a reinforce-all procedure, in which each 

response is reinforced regardless of accuracy, to evaluate stimulus control. In this procedure, 

the emission of incorrect responses is completely dependent on the animal, not contrived by 

the change in contingency. For example, if the animal responds correctly on the first trial, there 

is no change in the contingency and therefore, no additional learning. If the animal responds 

incorrectly on the first trial, the contingency changes, but it does not matter because the 

response was not under stimulus control to begin with. This allows us to study the effects of the 

participant’s prior training history on retention of stimulus control, not the effects of the 

current changes in contingencies. 

The present research studies the effects of a discrimination training history on the 

retention and reacquisition of stimulus-response relations. Two pairs of behaviors were 

independently trained, and the carryover effects were examined by analyzing the frequency 

and type of errors emitted when all four cues are presented together. By looking at these error 

patterns, I also studied the effect of training one behavior in close temporal proximity with 
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another. This experiment also addressed how to better train discrimination between two 

similar cues.  Lastly, this study showed the effect of using the reinforce-all procedure, to 

examine the retention of stimulus control.  
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METHOD 

Participant 

The participant for this study was a 3-year old female Maltese dog (Canis familiaris) 

named Elle. Prior to the start of this study, Elle had approximately three years of basic clicker 

training experience with the experimenter. During this training, the audible “click” produced by 

the clicker always served as a discriminative stimulus (SD) for returning to the trainer, which was 

always followed by delivery of an edible dog treat. Throughout the study, Elle was in good 

health and exhibited no atypical behavior. The participant was chosen due to ease of 

accessibility and the existence of a prior training history with the experimenter.  

Pre-History 

 Prior to the start of this study, Elle had been trained to perform four behaviors: circle, 

touch, spin, and down. First, the circle and touch behaviors were trained together. For the circle 

and touch behaviors, Elle always emitted either response with its corresponding object—the 

circle response with the flowerpot and the touch response with the bowl. However, the vocal 

cues “circle” and “touch” did not acquire complete control over which object she approached. 

Next, the spin and down behaviors were trained together, and Elle achieved successful 

discrimination between their vocal cues.   

 Discrimination training was repeated for the circle and touch behaviors until near-100% 

accuracy was achieved. To test for stimulus control, probe sessions were run in which all four 

cues were presented. Table 1 shows the responses emitted under each cue for the last two 

probe sessions. Elle did not emit any correct responses on presentation of either the circle or 

the touch cues. Only one error was emitted under the spin cue.  
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Table 1 

Responses for Last Two Probe Sessions Prior to Phase I 

Probe Session 1  
 Response  

  Circle  Touch Spin Down Stay 
Total Cues 
Presented 

Cue            
Circle   4  1 5 
Touch    3 2 5 
Spin   3  1 4 
Down    5  5 
 
      

 

Probe Session 2  
 Response  

  Circle  Touch Spin Down Stay 
Total Cues 
Presented 

Cue            
Circle  1 2  3 6 
Touch   3 2 2 7 
Spin   2   2 
Down    3  3 
       
 

The results show that even when a behavior is trained to criteria, the stimulus control of 

the assigned cue may not be strong. In this study, both pairs of behaviors were repeatedly 

trained to 100% accuracy and then probed with all four cues. The frequency and type of errors 

were examined to study the effects of training history on stimulus control retention.  

Setting and Materials 

All sessions took place in an empty bedroom in the residence of the Elle’s owner. The 

bedroom measured 3.05 m by 3.35 m. The room contained a tripod, camera, a white washcloth 

taped to the floor, which served as the “starting mat,” a green ceramic flowerpot, and a blue 
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mixing bowl. The flower pot measured 25.40 cm tall and 20.32 cm in diameter at its base. The 

bowl measured 10.16 cm tall and 15.24 cm in diameter at its base. The flower pot and bowl 

were placed upside down to ensure stability. Elle had limited experience with either object, as 

described in the Pre-History section, and she did not have access to the objects nor the training 

room outside of sessions.  

Each object was positioned 1.52 to 1.65 m away from the starting mat, and 

approximately 0.60 m away from each other, equidistance away from being directly in front of 

the starting mat (see Figure 1). The flowerpot was positioned to the right of center, and the 

bowl was positioned to the left of center.  

During sessions, the door to the training room was closed, and Elle could not leave the 

room. The experimenter served as the trainer and was present during each session. The trainer 

sat behind the starting mat, and held the clicker in one hand and the reinforcers in the other. 

Small pieces of Pup-peroni® brand dog treats (each weighing approximately 0.25 g) were used 

as edible reinforcers. 

 All vocal cues and hand prompts were presented by the trainer. Vocal cues included the 

words, “circle,” “touch,” “spin,” “down.” Hand prompts included pointing toward the flower 

pot with trainer’s right hand, pointing toward the bowl with the trainer’s left hand, and a recall 

cue, which consisted of flipping of the trainer’s right hand from a palm-down to a palm-up 

position, level with the trainer’s stomach. 

All sessions were recorded with a Sanyo Xacti digital camcorder. Data was collected 

from the videos using a computer with Microsoft Excel and Quicktime video player.  
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Measurement 

The dependent variables measured in this study were the frequency and type of errors 

emitted under each of the four vocal cues and the number of training sessions required to 

achieve stimulus control criteria.  

Correct Responses 

 Circle response. After the trainer presents the vocal cue “circle,” Elle approaches the 

right side of the green flowerpot and walks counter-clockwise around it. 

 Touch response. After the trainer presents the vocal cue “touch,” Elle walks to the blue 

bowl and touches the top of it with her left front paw. She is not required to walk around the 

bowl. 

 Spin response. After the trainer presents the vocal cue “spin,” Elle walks in a tight 

counter-clockwise circle, turning over her left shoulder. Elle faces the trainer at the beginning 

and end of the spin response.  

On very few occasions, Elle emitted a spin-like response where she turned in a clockwise 

direction. These responses were recorded as stay if at least one paw remained on the start mat. 

If all four paws left the start mat, the response was recorded as either a circle or a down 

response, depending on the direction of her locomotion away from the mat. The differences in 

topography between a correct Spin response and a spin-like response were very distinct.  

 Down response. The trainer presents the vocal cue “down,” Elle lies down on start mat, 

with her elbows touching the floor.  
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Incorrect Responses 

 If Elle emits any of the above responses after a different cue was presented, the 

response is incorrect. The frequencies of the following two responses were also observed and 

recorded: 

 Stay response. After the trainer presents any of the four vocal cues, Elle remains on the 

mat and does not emit any of the four correct responses. At least one paw must remain on the 

mat to be recorded as a stay response. If Elle leaves the mat and walks in the direction of one of 

the bowl or the flowerpot, the response is recorded as either touch or circle, respectively, even 

if she does not walk all the way to the object.  

Without cue response. Elle emits any of the four trained responses without the 

presentation of any of the four vocal cues. Without cue responses were recorded, but not 

graphed. They did however count toward the accuracy of a session.  

Trainer Behaviors 

 Vocal cue presentation. At the beginning of a trial, the trainer emits one of the four 

vocal cues: “circle,” “touch,” “spin,” and “down.” 

 Hand-prompt presentation. The trainer either pointed to the flowerpot with her right 

hand or pointed to the bowl with her left hand. The hand prompt is either delivered on its own 

or after the vocal cue, depending on the training condition in place.  

 Consequence delivery for correct trials. After Elle emits a correct response, the trainer 

clicks the clicker and delivers an edible reinforcer.  

 Consequence delivery for incorrect trials. After Elle emits an incorrect touch or circle 

response, the trainer presents the recall hand cue, and Elle returns to the start mat. If Elle emits 
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an incorrect spin or down response, the trainer maintains eye contact with Elle, but does not 

offer any response until Elle returns to a sitting position on the mat.  

Reliability  

Primary data was collected by the trainer from the session videos, and two trained 

observers independently collected interobserver agreement data (IOA) from the same videos. 

Data collection consisted of recording which cue was presented and which response was 

emitted for each trial. The observers were provided with a written list of vocal cues and 

response definitions, as well as a form (Microsoft Excel template) on which to score. The 

observers were given the opportunity to practice scoring videos and ask any questions. Both 

observers were advised not to discuss their results with the trainer until after scoring was 

completed. IOA was calculated using the formula A/(A+D)*100. Table 2 displays IOA for 17.64% 

of total training sessions and Table 3 displays IOA for 51.73% of total probe sessions.  

Table 2 

Interobserver Agreement (IOA) for Training Sessions 

IOA – Training Sessions 
   
 % of Sessions 

Observed % Agreement 
IOA Observer 1 9.31% 97.97% 
IOA Observer 2 8.33% 99.12% 
Total % of 
Observed Sessions 17.64%  
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Table 3 

Interobserver Agreement (IOA) for Probe Sessions 

IOA – Probe Sessions 
   
 % of Sessions 

Observed 
% 

Agreement 
IOA Observer 1 24.14% 99.28% 
IOA Observer 2 27.59% 98.16% 
Total % of 
Observed Sessions 51.73%  
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GENERAL PROCEDURES 

Prior to the beginning of each session, the trainer started the camera recording, sat 

behind the start mat and waited for Elle to sit on the start mat. Before the trainer presented a 

vocal cue, Elle had to fulfill the following pre-trial criteria: sit silently in front of and facing the 

trainer with at least two paws on the mat and maintain eye contact with the trainer for 1 to 3 

seconds. Barking would extend the required duration of eye contact.    

The first trial of a session began when the trainer presented the first vocal cue. All 

subsequent trials began when the trainer presented the vocal cue or when Elle left the start 

mat before a cue was presented and emitted one of the four trained responses without 

presentation of a cue (recorded as “without cue”). If Elle left the mat, but did not emit a 

without cue response, the trial did not yet begin. Correct trials ended when the trainer 

delivered the click and edible reinforcer. Incorrect trials ended when Elle returned to a sitting 

position on the start mat. No reinforcers were delivered for incorrect responses.  

There were two types of sessions in this study: training sessions and probe sessions. 

Table 4 outlines the distinguishing properties of these two session types. Training sessions 

consisted of ten reinforcer deliveries, thus the minimum number of trials per session was ten, if 

all trials were correct. Each training session began with the first cue presentation and ended 

with the tenth click and reinforcer delivery. During most training sessions, vocal cues were 

presented in semi-random order, with an equal number of reinforcers delivered for each cue. If 

Elle emitted an incorrect response, the same vocal cue was presented on the following trial. 

This was repeated until Elle emits a correct response. Correct responses had no effect on which 

cue was presented on subsequent trials. For example, if Elle emitted the Touch response on the 
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circle cue during the circle/touch condition, the circle cue would be presented for each 

subsequent trial until Elle emitted the circle response. If Elle emitted the circle response on the 

circle cue, the following cue would be either the circle or the touch cue. 

Probe sessions consisted of 16 to 24 cue presentations, 4 to 6 presentations of each of 

the four vocal cues. The number of cue presentations was usually 20, but was more or less than 

20 when the trainer miscounted. Each probe session began with the first cue presentation and 

ended when the last cued trial ended. If the last cued trial was correct, the session ended when 

the trainer delivered the click and reinforcer. If the last cued trial was incorrect, the trial ended 

when Elle returned to the start mat after the recall cue. During all probe sessions, cues were 

most often presented in blocks of four, with each cue presented within a block. The order of 

cues within each block was randomized. The cues presented in the first two trials were the 

same cues that were trained in the present condition. For example, if the spin/down condition 

was in effect during the most recent training session, the spin and down cues were presented 

during the first two trials of the probe session. Correct or incorrect responses had no bearing on 

which cue was presented on subsequent trials.   

Table 4  

Comparison of Training Sessions and Probe Sessions 
Properties of Training and Probe Sessions 

  Training Sessions Probe Sessions 
Begins First cue presentation First cue presentation 
Ends 10th reinforcer delivery End of last cued trial 
Number of Trials 10 reinforcer deliveries 16 to 24 cue presentations 
Effect of Incorrect Response on 
Subsequent Cue repeat cue present next cue* 
Effect of Correct Response on 
Subsequent Cue present next cue* present next cue* 

Number of Sessions Per Set 
Until two consecutive 100% 
correct sessions Two 

*Unless it is the tenth reinforcer delivery (Training) or the last cue trial (Probe). 
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Four to nine sessions were run during each training day, four to five days per week. 

Criteria for stimulus control achievement are defined as two consecutive training sessions 

consisting of only correct trials. Once these criteria are met, two probe sessions are run. If 

probe sessions are run, they are the last two sessions of that day. A maximum of seven training 

sessions are run on any one day, so that the potential total number of sessions will not exceed 

nine sessions (training and probe sessions).  
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PHASE I  

Procedure 

 In Phase I, there were two training conditions. In the circle/touch condition, only the 

circle and touch behaviors were trained, and in the spin/down condition, only the spin and 

down behaviors were trained. In both conditions, training sessions were run until the criteria 

for stimulus control were met (two consecutive sessions of 100% accuracy). After stimulus 

control was achieved, two consecutive probe sessions were run, in which all four cues were 

presented. Training sessions and the subsequent two probe sessions were referred to as “sets.” 

In most cases, three sets of training and probe sessions were run in a particular condition 

before switching to the other condition. Table 5 shows the order training conditions and the 

number of training session required to meet criteria.  

Table 5 

Order of Training Conditions During Phase I and Number of Training Sessions Run in Each 

  Number of Sessions Required to Meet Criteria 
Condition         
Circle/Touch 66 
Circle/Touch 14 
Spin/Down 3 
Circle/Touch 30 
Circle/Touch 9 
Circle/Touch 12 
Spin/Down 10 
Spin/Down 5 
Spin/Down 8 
Circle/Touch 14 
Circle/Touch 9 
Circle/Touch 5 
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To train the circle and touch behaviors during the first circle/touch training condition, 

we used the delayed cue method (Touchette, 1971). In his study, Touchette used this technique 

with developmentally delayed children to transfer stimulus control of a discrimination task. The 

children were first taught to touch a red key, as opposed to a white key that was presented 

simultaneously. After discriminatory responding was established, different black shapes were 

presented on each key. Each correct response to the appropriate black shape progressively 

delayed the presentation of the red stimulus. Stimulus control was successfully transferred 

from the color red (old cue) to a specific black shape (new cue) once the child pressed the 

correct key before the red stimulus was presented.  

During the first circle/touch training condition, the touch behavior was first trained to 

criteria using the delayed cue technique. The vocal (new) cue was presented, followed by an 

appropriate pause, then a hand prompt (old cue), if needed. In most cases, the hand prompt 

was delivered if Elle did not emit a response within 2-3 seconds following the vocal cue. During 

this training, a mass trial training procedure was in effect. In mass trial training, the same cue 

was presented for a large number of consecutive trials until stimulus control criteria were 

reached. Once stimulus control criteria were met for the touch behavior, the circle behavior 

was then trained to criteria using the same delayed cue and mass trial training procedures. 

Figure 2 shows the cumulative error responses during the mass trial training for the touch and 

the circle cues.  

After Elle reached criteria with the circle behavior, an interspersed training procedure, 

where both touch and circle cues were alternately presented within the same session, was put 

into effect. Criteria for stimulus control were met when both touch and circle cues were 
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presented in equal proportions, and Elle emitted only correct responses for two consecutive 

sessions. Figure 3 shows the cumulative errors for the touch and circle cues during the 

interspersed training portion of the first set of sessions. After criteria were met, the two probe 

sessions were run. The next set of training sessions began on the following training day. Mass 

trial training was not used for the remainder of the experiment.  

 After the first set of sessions in the circle/touch condition, it was unnecessary to re-

introduce hand prompts. In prior training experience with Elle, when hand prompts were 

presented too often, she tended to emit responses only upon hand prompt presentation, which 

hindered acquisition of vocal cue control.  

 After the second set of circle/touch training and subsequent probe sessions, the 

spin/down condition was put into effect. The delayed cue procedure was not used during the 

spin/down condition because Elle always emitted a response (both correct and incorrect) 

immediately after the vocal cue, leaving no time to present a hand prompt. During training 

sessions, only the vocal cues “spin” and “down” were presented, and a differential 

reinforcement procedure was used. If Elle emitted an incorrect response, the trainer would 

wait for her to return to the required sitting position before repeating the vocal cue. Correct 

response resulted in reinforcer delivery and did not affect which cue was presented next. All 

sessions within the spin/down condition followed the interspersed training procedure. Once 

stimulus control criteria were met for the spin/down condition, two probe sessions were run, 

and the circle/touch condition was put into effect again. From this point forward, three sets of 

training and probe sessions were run during each condition.  
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Results and Discussion 

The data show that even though behaviors are repeatedly trained to criteria, the 

introduction of other training conditions can affect stimulus control of previously trained 

responses. In this phase, retention of stimulus control was tested by measuring the frequency 

and type of errors for each of the four trained cues and by measuring how long it took to 

retrain each behavior to criteria after the probe sessions.  

In the delayed cue method, the circle and touch behaviors were first trained using hand 

cues, and stimulus control was transferred to (new) vocal cues. This initial training of circle and 

touch was done using a mass trial procedure, in which only one cue was given until criteria 

were reached. After these two behaviors reached criteria, all subsequent training followed an 

interspersed training procedure, in which both behaviors were cued within the same session, 

distinct periods of increased errors were noticeable after the criteria for reinforcement 

changed. These periods are identified by solid boxes in Figure 3, and the associated changes are 

described. The dotted box in each graph indicates an increase in errors that we cannot explain 

from the data gathered. 

Errors under both the touch and circle cues occurred most often when hand cues were 

initially removed and the presentation of only the vocal cues increased. For comparison, Figure 

4 shows the cumulative errors for the spin and down cues during the first interspersed training 

set and subsequent probe sessions for the spin/down condition (5 total sessions). Very few 

errors were emitted during these training sessions and were only emitted under the spin cue.  

Errors also increased after periods of reinforcement for other responses. During the first 

interspersed training, errors under the circle cue increased after relatively strong 
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concentrations of touch cue presentations. These blocks of trials were a result of a many 

consecutive incorrect responses, thus the touch cue was repeatedly presented. These are 

shown as gaps in the data points on the circle cue graph (see Figure 3-top).  

The circle and touch behaviors showed the most vulnerability to changes in contingency, 

either by switching from one training set to another or by exposure to the spin/down training 

condition. Under the circle cue, the most errors occurred in the probe sessions after the first 

switch from spin/down training to circle/touch training and also after the last set of spin/down 

training (see Figure 5). The greatest number of errors under the Touch cue occurred in the 

probe sessions in the first set of each of the spin/down conditions (sessions labeled “9/22/12” 

and “10/14/12” in Figure 6). Under presentation of the spin cue, the highest concentration of 

errors was during the probes in the circle/touch training sets (see Figure 7). The number of 

errors emitted under the down cue was extremely low, and no clear pattern was evident (see 

Figure 8).  

Of all four cues, the circle and touch cues produced the highest number of errors and 

showed the most vulnerability to the carryover effects caused by changes in the contingency. 

However, by the end of Phase I, the touch behavior was under much stronger stimulus control 

of its vocal cue than the circle behavior. The number of touch cue errors emitted during probe 

sessions decreased within each circle/touch training condition, and the total number of errors 

emitted during each circle/touch training condition decreased over the course of Phase I (see 

Table 6). 
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Table 6 

Count of Touch Cue Errors During Probe Sessions in Phase I. 

Count of Touch Cue Errors Emitted During Probe Sessions – 
Phase I 

Training 
Condition 1st Set 2nd Set 3rd Set 

Total 
Errors 

Circle/Touch 6 5   11 
Spin/Down 10     10 
Circle/Touch 3 1 1 5 
Spin/Down 6 1 4 11 
Circle/Touch 1 0 0 1 

 

The type of errors emitted can also be affected by the subject’s recent training history. 

In this phase, the most common error under a particular cue was that of the behaviors that was 

trained simultaneously (e.g. touch errors under circle cue).  Table 7 shows the total frequencies 

and type of each error for all four cues over all probe sessions during Phase I. Values within the 

boxes indicate responses to cues that were trained simultaneously (touch/circle and 

spin/down). Values indicated by (*) identify the most frequently emitted errors for a particular 

cue. For the circle, touch, and spin cues, the most common error emitted was the response that 

was trained in the same condition.  

Table 7 

Total Count and Type of Error Emitted During Probe Sessions in Phase I.  

Phase I - Total Errors During All Probe Sessions 
 Response 

 Circle Touch Spin Down Stay 
Total 
Errors 

Total 
Cues Presented 

Cue              
Circle   20* 15* 0 5 40 120 
Touch 14*   3 7 14* 38 122 
Spin 1 2   22* 5 30 120 
Down 0 0 1   5 6 117 

 20 



A possible cause for this pattern of error responding is the subject’s reinforcement 

history during the training sessions. Reinforcement for each behavior in the pair (circle/touch or 

spin/down) occurred in close temporal proximity to each other. Although the incorrect 

response was never directly reinforced, they were rehearsed in the presence of the other cue.  

An exception to this pattern of error responding is the emission of the spin error under 

the circle Cue, which occurred almost as frequently as the touch error. Spin and down errors 

under the circle cue were rarely observed during training sessions, yet the spin error was 

emitted almost as much as the touch error during probe sessions. One explanation for this high 

occurrence of spin errors under the circle cue could be the identical “s” sound at the onset of 

the words, “circle” and “spin”. This error-cue relationship was not reciprocal however, as the 

circle error only occurred once under the spin cue. In Phase II, the spin/circle discrimination was 

taught in an attempt to correct these errors. 

The most notable effect is on the number of sessions required to achieve stimulus 

control criteria. The number of sessions required to reach criteria is always highest during the 

first training set of each condition. Over the 2 to 3 training sets per condition, there is a general 

decrease in the number of sessions required. However, when we compare the number of 

training sessions within the first set of each circle/touch condition to the last set of the previous 

circle/touch condition, there is always an increase (see Table 5). This shows that after a period 

of reinforcement for alternative behaviors, more training is needed to reacquire stimulus 

control of a behavior that was previously trained to criteria. This trend holds true for both 

training conditions, though it is less pronounced in the spin/down condition (see Table 5). 
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PHASE II 

Procedure 

 Due to the high occurrence of Spin errors under the circle cue condition in Phase I, we 

decided to teach the discrimination between the “spin” and “circle” cues. The procedure for 

Phase II was identical to that of Phase I, except that there was only one training condition, 

spin/circle, which consisted of the spin and circle behaviors. No further training of touch and 

down behaviors took place, and touch and down cues were only presented during probe 

sessions.  

The interspersed training procedure was in effect during all training sessions, and the 

spin and circle cues were presented in equal proportions during each session. The criteria for 

determining stimulus control remained the same: two consecutive training sessions in which 

Elle emitted only correct responses. Once criteria were met, two probe sessions, in which all 

four cues were presented, were run. Seven sets of training and probe sessions were run during 

this phase.  

Results and Discussion 

 The number of training sessions in each set required to reach criteria was relatively low, 

compared to Phase I. The number of sessions ranged from two (the absolute minimum to meet 

criteria) to four.  

 Under the circle cue, the touch response was the only error emitted during probe 

sessions and only occurred twice (see Figure 9). Under the spin cue, only one error, the circle 

response, was emitted during probe sessions (see Figure 10). Each of these three errors 

occurred within the first four sets of probe sessions.  
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The number of training sessions required to achieve criteria was consistently low 

compared to that of Phase I and could be due to the absence of “interruptive” alternative 

training conditions in the participant’s recent history. Only spin and circle responses were 

recently trained, thus reinforced in high density. No other behaviors were being trained; 

therefore the recent reinforcement history of other behaviors is relatively sparse.  

 The highest number of errors occurred under the touch cue (see Figure 11). Of the 

twelve error occurrences, the circle response was emitted nine times (75%). This error was 

emitted evenly across the entire phase.  

 Figure 12 displays the errors emitted under the down cue. The touch and spin errors 

were the only two errors emitted, and each occurred only once.  

 When looking at the two cues that were not trained during this phase, we can infer from 

the relatively frequent occurrence of errors under the touch cue that an extended period of 

training alternative behaviors (spin and circle) can reduce the retention of stimulus control over 

time. The type of errors emitted under the touch cue (mostly the circle response) provides 

further evidence that the temporal training history of the circle and touch cues can also affect 

stimulus control. This effect was not present under the down cue, possibly because the down 

response had acquired the function of a “default” behavior, which was consistently being 

reinforced, either unintentionally by the trainer or because the response of laying down was 

reinforcing in and of itself. 
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PHASE III  

Procedure 

 In this phase, a reinforce-all contingency was put in effect for all four cues. Each trial 

was reinforced, regardless if it was correct or incorrect.  

 A total of ten probe sessions were run, two sessions on each of five training days. These 

probe sessions were identical to the probe sessions in Phases I and II, except that every 

response was followed the delivery of a click and reinforcer, regardless if it was a correct 

response or not.  

Results and Discussion 

 By employing a reinforce-all procedure to analyze stimulus control, rather than 

extinction, the artificial occurrence of errors due to extinction-induced variability was 

prevented. All trials were reinforced, and stimulus control retention could be examined without 

further shaping Elle’s behavior. If a response was under strong enough stimulus control, Elle 

would be less likely to emit an error under that particular cue.  

The most common error for the touch, circle and spin cues was the down response. For 

each cue, all down errors occurred only in the last two to three sessions, with increasing 

frequency. Table 8 shows the total count and type of errors per cue throughout Phase III. The 

box indicates errors that occurred under the two cues which were most recently trained (in 

Phase II). 
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Table 8 

Total Count and Type of Errors per Cue During Phase III 

Incorrect Response 

Cue Circle Spin Touch Down Stay 
Total 

Incorrect 
Total  

Cues presented 
Circle   2 3 7 1 13 49 
Spin 0   0 6 1 7 51 
Touch 9 0   20 1 30 48 
Down 0 2 0   1 3 51 
        
 

Figure 12 shows the errors emitted under the touch cue.  The only errors in the first five 

sessions were of the circle response. The last four sessions consisted of only down responses. 

The number of correct responses decreased over the course of this experiment, with no correct 

responses occurring in the last four sessions. Table 8 shows the occurrence of incorrect 

responses for each cue during Phase III.   

 Under the circle cue, the number of errors gradually increased over time. The first few 

errors were of the touch response, while those in the last three sessions were of spin and down 

responses (see Figure 13). The number of correct responses decreased during the last three 

sessions, with no correct responses in the last session (see Table 8). The low number of spin 

errors under the circle cue could be due the discrimination training that was done in Phase II, 

which strengthened the stimulus control of the circle behavior. However, because the circle 

response still occurred upon presentation of the touch cue, we cannot say that it was under 

complete stimulus control according to Pryor’s (2001) criteria.  
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The sequence in which errors were emitted under the touch and circle cues appeared to 

be orderly. Under the touch cue, the circle response was the first emitted and with the highest 

frequency. Under the circle cue, the touch response was the first error emitted. This could be 

due to the strong simultaneous reinforcement history of both cues. Because they were trained 

together, the overall occurrence of emitting the circle response under the touch cue, and vice 

versa, was also very high throughout this study.   

 Figure 14 displays the responses under presentation of the spin cue. For the first six 

sessions, Elle emitted no incorrect responses. The number of errors slowly increased over the 

last four sessions, ranging from one to three errors per session. The down response was the 

most common error.  

 Elle only emitted incorrect responses under the down cue in two of the sessions (see 

Figure 15). Two emissions of the spin response occurred in the first session, and one emission 

of stay response occurred in the eighth session.  

 The down response appeared to strengthen over the course of this experiment, 

however it is difficult to determine if that is due to the increasing relative frequency of its 

reinforcement under the other three cues due to the reinforce-all contingency or because it 

simply became a default behavior for all four cues. The down error was emitted first under the 

touch cue (whose stimulus control was the weakest at this point), then under the spin and 

circle cues.  
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GENERAL DISCUSSION 

 In this experiment, each of the four behaviors was repeatedly trained to criteria; 

however, in the probe sessions, it was shown that at least three of the behaviors (touch, circle, 

and spin) were not under stimulus control. This disruption of stimulus control was first 

apparent in the first set of training sessions within the first Circle/touch condition. The touch 

and circle behaviors were individually trained to criteria using a mass trial procedure; however, 

the stimulus control was disrupted when they were trained together for the first time. The 

context of the session changed from asking for just one behavior to asking for two behaviors. 

After interspersed training, successful discrimination of the touch and circle behaviors was 

achieved, and both behaviors fulfilled all four of Pryor’s (2001) criteria for stimulus control of 

cues. During the probe sessions, we changed the context again by adding the spin and down 

cues, and stimulus control once again deteriorated. This phenomenon of disrupting stimulus 

control during probe sessions despite having been trained to criteria was also seen with the 

spin behavior, and continued to occur with the touch, circle, and spin behaviors throughout the 

experiment.  

The effects of the participant’s training history were first evident when looking at the 

reacquisition of stimulus control in Phase I. To study reacquisition, we examined the number of 

training sessions required to reach stimulus control criteria after it was disrupted in the probe 

sessions. Each condition contained one to three sets of training sessions. Within each set, 

training sessions were run until stimulus control criteria were met, and probe sessions were run 

in between each set of training sessions. In the conditions that contained at least two sets of 

training sessions, the number of training sessions required to achieve stimulus control criteria 
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was always highest in the first set (i.e. immediately after a period of training the other pair of 

behaviors). In general, within each condition, the amount of training needed to reach criteria 

decreased from set to set. However, there was a small increase in the number of sessions 

needed to reach criteria after each reversal. For example, the number of sessions in the first set 

of the second circle/touch condition (thirty) was higher than the number of sessions in the last 

set of sessions of the first circle/touch condition (fourteen). This disruptive effect was seen in 

both the circle/touch and spin/down conditions after every reversal.  

The participant’s training history also affected the type of errors emitted under each 

cue. During the training sessions of the circle/touch condition, the participant often emitted the 

concurrently-trained response under each cue, such as the touch response under the circle cue 

and vice versa. The participant also often emitted the down response under the spin cue during 

the training sessions of the spin/down condition. Although they were not directly reinforced, 

the emission of these errors carried over into the probe sessions. During the probe sessions, for 

the circle, touch, and spin behaviors, the most common error for each cue was the behavior 

that was trained at the same time. For example, the touch error was the most common under 

the circle cue, as was the circle error under the touch cue and the down error under the spin 

cue. One exception to this pattern was the frequent occurrence of the spin error under the 

circle cue during the probe sessions. I suspected it was due to the similar “s” sound at the onset 

of both cues. To address this, the spin and circle behaviors were trained together during Phase 

II. Discrimination was achieved and very few spin errors were emitted under the circle cue for 

the rest of the experiment. Identifying and addressing this error strengthened the 
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discrimination between the spin and circle cues and reduced the overall errors emitted under 

either cue during Phase II.  

In addition to the type of errors emitted, the frequency of errors was also affected by 

the participant’s training history. In the first two phases, errors for a cue occurred more often in 

the probe sessions following the training of one of the other cues. In Phase I, the number of 

errors emitted under the circle and the touch cues was higher immediately after spin/down 

training than after circle/touch training. Likewise, the number of errors emitted under the Spin 

cue was higher after the training of circle/touch than after spin/down training. In Phase II, when 

only the spin and circle behaviors were being trained, there was a steady, high occurrence of 

errors under the touch cue. Likewise, a significantly smaller number of errors were emitted 

under the spin and circle cues during this phase, possibly due to the fact that there was no 

period of training other behaviors.  

Given this evidence, it is possible that training only one pair of behaviors at a time 

disrupted the stimulus control of the other behaviors during the probe sessions. Stimulus 

control might have been achieved and maintained if all four cues were trained together, making 

the contexts of the training and probe sessions identical.  

To further examine the measure of the stimulus control that had been acquired, a 

reinforce-all procedure was adopted in Phase III. The rationale for using the reinforce-all 

procedure is that it can clarify the stimulus control that was taught by capturing it. By looking at 

the type of errors that were maintained under the reinforce-all procedure, it was revealed that 

the down response was a default behavior. The down response was not only the most common 
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error for the spin cue, but it was also the most common error for the circle and touch cues, 

even though it was never trained at the same time as the circle and touch behaviors.  

 A possible improvement to this study would be to remove the recall cue contingency for 

incorrect touch and circle responses. It is possible that the presentation of that cue, which was 

part of a short behavior chain resulting in the delivery of an edible reinforcer, inadvertently 

reinforced those particular errors. The recall cue was chosen for two reasons: 1) it cued the 

behavior of returning to the mat, so the current incorrect trial was not unnecessarily long, thus 

allowing more opportunity to emit errors, and 2) to avoid expected, undesirable behaviors 

produced by extinction, based on the participant’s previous training history. However, in the 

present study it is difficult to tell if this contingency for incorrect behaviors made a significant 

difference in the acquisition of stimulus control of the circle and touch behaviors.  

 Another improvement would be to increase the number of training sets within each 

condition. While the effects the participant’s training history on error type and frequency and 

on stimulus control reacquisition were seen after three sets, more sets would potentially 

provide stronger evidence for the presence of these carryover effects.  

 Further research should include a more comprehensive definition for the criteria of 

stimulus control. During training, stimulus control criteria were always met, but errors during 

the probe sessions showed that the behaviors were never under perfect stimulus control to 

begin with. What was termed “strong” stimulus control was just strong relative to that of the 

other behaviors.  

The current study provides evidence that the subject’s training history can affect the 

retention and reacquisition of stimulus control of previously trained behaviors. Errors in one 

 30 



behavior are more likely to occur after concentrated periods of training another behavior. The 

specific type of errors that occur can be influenced by behaviors that were trained at the same 

time. It was shown that even when behaviors are trained to criteria, the subject’s training 

history could disrupt the stimulus control.  
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Figure 1. Photo of the training room with the start mat, bowl and flowerpot.  
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Figure 2. Cumulative count of errors emitted under the touch cue circle cue during the mass 
trial training portion of the first circle/touch training condition. Data points left of the vertical 
dotted line represent errors emitted under the touch cue. Data points right of the vertical 
dotted line represent errors emitted under the circle cue.  
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Figure 3. Cumulative count of all responses emitted under the Circle cue during the first training 
set of Behavior Set A (Circle and Touch) of Phase I. Data points left of the vertical dotted line 
represent trials in the 66 training sessions. Data points right of the vertical dotted line represent 
trials during the 2 probe sessions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Cumulative count of errors emitted under the Circle cue (top) and touch cue (bottom) 
during the interspersed training sessions of the first circle/touch condition and the subsequent 
probe sessions. Data points right of the vertical dotted line represent errors emitted in the 
probe sessions.   
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Figure 4. Cumulative count of errors emitted under the spin cue (top) and down cue (bottom) 
during the first spin/down condition and subsequent probe sessions. Data points to the right of 
the vertical dotted line represent errors emitted in the probe sessions.  
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Figure 5. Count and type of errors emitted under the circle cue during Phase I probe sessions. 
Data points between the bars represent the type of training condition and number of training 
sessions required to reach stimulus control criteria.  
 
 

 

 

 

 

 

 

 

 36 



 

Figure 6. Count and type of errors emitted under the touch cue during Phase I probe sessions. 
Data points between the bars represent the type of training condition and number of training 
sessions required to reach stimulus control criteria.  
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Figure 7. Count and type of errors emitted under the spin cue during Phase I probe sessions. 
Data points between the bars represent the type of training condition and number of training 
sessions required to reach stimulus control criteria.  
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Figure 8. Count and type of errors emitted under the down cue during Phase I probe sessions. 
Data points between the bars represent the type of training condition and number of training 
sessions required to reach stimulus control criteria.  
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Figure 9. Count and type of errors emitted under the circle cue during Phase II probe sessions. 
Data points between the bars represent the type of training condition and number of training 
sessions required to reach stimulus control criteria.  
 

 

 

 

 

 

 

 

 

 40 



 
 
 
Figure 10. Count and type of errors emitted under the spin cue during Phase II probe sessions. 
Data points between the bars represent the type of training condition and number of training 
sessions required to reach stimulus control criteria.  
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Figure 11. Count and type of errors emitted under the touch cue during Phase II probe sessions. 
Data points between the bars represent the type of training condition and number of training 
sessions required to reach stimulus control criteria.  
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Figure 12. Count and type of errors emitted under the down cue during Phase II probe sessions. 
Data points between the bars represent the type of training condition and number of training 
sessions required to reach stimulus control criteria.  
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Figure 13. Count and type of errors emitted under the touch cue during Phase III probe 
sessions.  
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Figure 14. Count and type of errors emitted under the circle cue during Phase III probe sessions.  
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Figure 15. Count and type of errors emitted under the spin cue during Phase III probe sessions.  
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Figure 16. Count and type of errors emitted under the down cue during Phase III probe 
sessions.  
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