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Using the "revealed operant" technique, variability during acquisition and 

extinction was examined with measures of response rate and a detailed analysis of 

response topography. During acquisition, subjects learned to emit four response 

patterns. A continuous schedule of reinforcement (CRF) for 100 repetitions was used 

for each pattern and a 30 min extinction phase immediately followed. One group of 

subjects learned the response patterns via a "trial-and-error" method. This resulted in a 

wide range of variability during acquisition and extinction. Only one subject emitted a 

substantial amount of resurgent behavior. A second group of subjects was given 

instructions on what keys to press to earn reinforcers. This group had less variability in 

acquisition and extinction and resurgent responding was prevalent. 
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CHAPTER 1 

INTRODUCTION 

Extinction is commonly defined as a process in which reinforcement of a 

previously reinforced behavior is discontinued, thereby causing a decrease in the rate of 

that behavior (Cooper, Heron, & Heward, 1987; Miller, 1975; Skinner, 1953). This 

definition specifies that the rate of a previously reinforced behavior will decrease; 

however, other aspects of the behavioral repertoire are also affected by extinction. 

Research over the past four decades has noted several additional extinction effects. For 

example, extinction-induced aggression and emotional responding have been observed 

(Azrin, Hutchinson, & Hake, 1966; Goh & Iwata, 1994; Herbert et al., 1973; Hutchinson, 

Azrin & Hunt, 1968; Kelly & Hake, 1970; Skinner, 1953). Using simple operants (e.g., 

lever press, key peck), extinction-induced variability has also been identified by 

measuring fluctuations in response rates (Azrin, Hutchinson & Hake, 1966; Thompson, 

Heistad, & Palermo, 1963), force (Notterman, 1959), temporal measures such as duration 

or latency (Margulies, 1961; Millenson & Hurwitz, 1961; Stebbins & Lanson, 1962) and 

topography (Antonitis, 1951; Bijou, 1958; Eckerman & Lanson, 1969; Lane & Shinkman, 

1963;). Researchers have also studied extinction-induced variability using more complex 

operants involving two or more manipulanda available for responding (Barrett, Deitz, 

Gaydos, & Quinn, 1987; Mechner, 1958; Schwartz, 1980,1982; Wong, 1978). Increased 



variability of dimensions such as run length and response sequences were observed 

during extinction. 

In addition to altering previously reinforced behavior, extinction may produce 

novel behavior or a return of behavior that may have been reinforced in the distant past 

(Bijou, 1958; Viney & Clark, 1974). The latter phenomenon has been of interest to 

scholars for most of this century. Sigmund Freud (1920; cited in Epstein 1985) used a 

psychodynamic mechanism to describe how a state of "frustration" forces behavior to 

either advance to new forms or retreat to primitive and infantile forms. Mowrer (1940) 

and Keller and Schoenfeld (1950) called retreating to old forms of behavior a 

"regression" to behavior that was previously effective in producing reinforcement. 

Some researchers have referred to this extinction-induced occurrence as recovery of 

response (Leitenberg, Rawson & Bath, 1970; Rawson & Leitenberg, 1973). For example, 

Rawson, Leitenberg, Mulick and Lefebvre (1977) suggested that when extinction 

procedures are combined with differential reinforcement of alternative responses (DRA), 

recovery of response often resulted when reinforcement for the alternative (and 

sometimes incompatible) response was discontinued. On the other hand, Epstein and 

Skinner (1980) preferred to use the term "resurgence," to describe the recurrence of 

previously reinforced behavior when recently reinforced behavior is no longer effective. 

I will use the latter terminology for the remainder of this paper. 

Resurgence Research 

Epstein (1985) reviewed numerous extinction studies that reported response 

resurgence. In this review, Epstein argued that "spontaneous" solutions to problems 

described in the classic problem-solving literature (e.g., Kohler, 1925) can be 



conceptualized as "extinction-induced resurgence/' in which previously reinforced 

response classes reappear during extinction to create novel and frequently effective 

problem solutions. One such study described what might reasonably be called the 

spontaneous use of a tool by a pigeon (Epstein & Medalie, 1983; cited in Epstein, 1985). 

In this problem-solving task, a pigeon was trained to push a box toward a target that 

was randomly placed within an experimental chamber. Then, pecking a metal plate was 

reinforced with food while box pushing was extinguished. Gradually, the metal plate 

was moved behind a wall just out of the pigeon's reach. At this point the pigeon 

stretched its neck attempting to peck the plate, behaved emotionally (e.g., scraping its 

feet on the floor), and began to peck weakly at the box. After 90 s, the pigeon pushed 

the box under the wall making contact with the metal plate and repeatedly pecked the 

box. Epstein (1985) stated that this problem-solving task was an example of extinction-

induced resurgence. With the plate out of reach, behavior with respect to it was 

extinguished; pushing the box, a previously reinforced behavior, recurred. 

Nakajima and Sato (1993) reported similar results using pigeons in a problem-

solving experiment. Pigeons were trained to push a box around in their operant 

chamber. Then they were trained to peck a key by sticking their necks through a hole in 

the chamber wall. A separate group of pigeons was only trained to peck the key located 

outside of the chamber. When the box was placed in front of the key and used as an 

obstacle, only the pigeons that were trained to push boxes around the chamber were 

successful in removing the obstacle. Nakajima and Sato (1993) stated that recurrence of 

box-pushing was an illustration of extinction-induced resurgence. 



Past research has primarily used nonhumans in the laboratory to study 

extinction-induced resurgence. Although these experiments were conducted using 

operant chambers, often only one-dimensional changes in behavior were measured. This 

may be due to the types of manipulanda that are regularly used in these experiments. 

Responses such as pressing a lever or pecking a key consist of only a single unit. 

Therefore, researchers often focus on one-dimensional, rather than multi-dimensional, 

changes in responding when discussing behavioral variability. 

Few studies have used human subjects to examine extinction-induced variability. 

Morgan and Lee (1996) studied extinction-induced variability in humans engaged in a 

standard operant task using a single key on a computer keyboard as the manipulandum. 

Subjects were exposed to a series of Differential Reinforcement of Low Rates (DRL) 

schedules followed by 10 min of extinction. Variability was measured and graphed 

using interresporise time (IRT) data. Response variability was measured following 

changes from one DRL schedule to the next and in a subsequent extinction phase. As in 

previous research with nonhuman subjects, the dependent variable (IRT) was a one-

dimensional measure of behavior. 

Results of Morgan and Lee's (1996) experiment indicated that IRT distributions 

during extinction increased in variability relative to pre-extinction (baseline) 

responding. Response topographies were also found to be highly varied and inefficient 

during the first quarter of each DRL session. During extinction, it was common for 

response patterns to move abruptly from short to long IRTs. Most of the IRTs in 

extinction showed characteristic deviations from the previously reinforced values with 

occasional clusters of responses falling within the range of previously reinforced IRTs. 



Morgan and Lee considered these occasional clusters of IRTs to be a pattern of periodic 

resurgence. 

Revealed Operant 

Mechner, Hyten, Field and Madden (1997) developed a technique using complex 

operants to study topographical variability and stereotypy in humans within a variety of 

contexts. This technique, called the "revealed operant," permits a more detailed analysis 

of resurgence and other forms of variability. Traditional operant behavior experiments 

usually record responses as single instantaneous events, like the closure of a switch 

when a lever is pressed. This makes studying response structure difficult because the 

topography of the response is not automatically recorded. The purpose of the revealed 

operant (rO) was to provide a practical way to record and study the internal structure 

and properties of complex operant responses. In other words, components of the 

behavioral stream that comprise the single response are accentuated so that they are 

more easily identified. Therefore, an rO differs from an instantaneous response only in 

that some of its sub-operants are deliberately, rather than unintentionally, specified in a 

way that reveals them for convenient recording. This is accomplished by requiring an 

initiating response, Ra, made on a separate manipulandum (the spacebar on a computer 

keyboard) which defines the beginning of the response. It is also important to specify 

the termination of the response, Rc (the Enter key). Between Ra and Rc any type of 

behavior can be specified as the R,, (e.g., a sequence of keypresses). Procedurally, this 

allows for a variety of behavioral measures to be recorded within each individual 

occurrence of a response. One such measure is the study of response patterns or 

recurring sequences of particular keystrokes and rhythms. 



Mechner et al. (1997) used the rO technique to study the recurrence of response 

patterns, resurgence, and variability during extinction. However, their procedure 

permitted a large number of Rb's to occur within a response with different rhythms, 

thereby making it extremely difficult to identify and classify different revealed operants. 

Hyten and Reilly (1994) simplified the rO procedure to study extinction-induced 

variability and resurgence in humans. Six pilot subjects learned to emit four different 

response patterns on a keyboard in the presence of four different colored stimuli. Each 

response pattern consisted of pressing the spacebar (Ra), a sequence of four specific 

keystrokes (Rb), and pressing the Enter key (Rc). Although the Rb was not restricted to 

only four keystrokes, a second stimulus appeared after the spacebar and four keys were 

pressed which signified that enough keys were pressed to fulfill Rb requirements. After 

the four response patterns were acquired, subjects experienced 10 min of extinction. A 

small amount of resurgence of the previously reinforced response patterns was present. 

However, the researchers proposed that 10 min was not sufficient to adequately 

determine the proportion of resurgent behavior within the highly varied forms of 

responding that occurred in extinction. 

Fitzsimons (1996) extended the work of Hyten and Reilly (1994) by using the 

same rO procedure to examine response variability and resurgence using a 30-min 

extinction period. Two groups of subjects were run to compare the effects of conducting 

the experiment over a 5-day period versus completing the experiment within 1 day. 

This research focused primarily on the patterns of responding that occurred in 

extinction. A detailed analysis of response topographies was performed. Some 

similarities and differences between response topographies that occurred in extinction 



and those that previously occurred in acquisition were noted. No major topographical 

differences were noted between the 5-day and the 1-day groups; therefore, the 1-day 

version was suggested for future extensions of this research. 

Hyten, Fitzsimons, and Neff (1996) used the 1-day version of the rO 

methodology to examine the effects of differing stimulus control conditions during 

extinction on response variability. Subjects operated a PC keyboard in a small room. 

The keyboard had colored dots on various keys to indicate which keys were part of four, 

4-keystroke response patterns. Without explicit instruction or shaping, subjects learned 

to emit the four different response patterns on continuous reinforcement (CRF) for 100 

repetitions per pattern. The monitor displayed a colored square that matched the key 

color of the correct pattern in effect. Subjects learned and practiced one pattern before 

moving to the next pattern; therefore Pattern 1 (PI) was the oldest (first reinforced) and 

Pattern 4 (P4) was the youngest (last reinforced). The acquisition phase was complete 

after subjects emitted 100 reinforced repetitions of Patterns 1-4, in that order, for a total 

of 400 reinforced responses. Within the same session, a 30-min extinction phase 

immediately followed acquisition. For one group of subjects, a novel stimulus was 

present during extinction; for the other group of subjects, the stimulus associated with 

P4, the last reinforced pattern, was present during extinction. This was the only 

difference between the two groups. 

Results indicated that during acquisition, most subjects took only a few minutes 

to emit the first correct Pattern 1 response. However, one subject (S16) emitted a correct 

response on her very first attempt while some subjects (e.g., S17, S18) responded over 

100 times before emitting a correct Pattern 1 response. Thereafter, when the condition 
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changed to the next reinforcement pattern (P2-P4), most subjects instantly emitted the 

correct pattern, and 100 repetitions generally took 6-7 minutes. 

In the Novel Stimulus in Extinction Group, "pure resurgence" was very rare 

during extinction. Pure resurgence refers to the occurrence of an intact PI, P2, P3, or P4 

response during extinction. No subject in this group emitted more than 6% purely 

resurgent P1-P4 responses in extinction. "Fragmentary resurgence" was more common 

than pure resurgence. Fragmentary resurgence refers to the occurrence of parts of 

previously reinforced patterns within the body of the response. For example, a response 

might have blended half of PI with two new keystrokes to form a complete response. 

Five out of six subjects in the P4 Stimulus in Extinction Group also produced very little 

pure resurgence, ranging from 8%-12%. This is slightly more than that obtained in the 

Novel Stimulus Group. However, one subject (S16) in the P4 Group emitted the original 

P1-P4 patterns 69% of the time during extinction; 64% of the responses in extinction 

were pure P4 responses. This subject's data was so different from that of the other 

subjects that it stimulated a search for variables responsible for the occurrence of pure 

resurgence. 

One variable that could account for the high proportion of purely resurgent 

responding by S16 is the number of unreinforced responses (errors) during acquisition. 

Eleven of the 12 subjects across both groups emitted multiple unreinforced responses in 

acquisition prior to emitting the first reinforced response. In contrast, S16 earned a 

reinforcer for the very first response emitted during acquisition. This first reinforced 

response was immediately followed by over 90 consecutive reinforced responses. This 

subject emitted less than 2% total errors (unreinforced responses) throughout the entire 
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four conditions of the acquisition phase. This same subject emitted 69% of her responses 

in the form of pure resurgence during extinction, 57% more than any other subject. No 

other subject emitted more than 12% purely resurgent responses during extinction. 

It is possible that the amount of pure resurgence in extinction is a function of the 

amount or nature of variability present during acquisition. Subject 16's data suggest 

that if less variability is present in acquisition then more purely resurgent behavior 

might be observed in extinction. This thesis experiment examined the issue further by 

comparing performances of subjects who show different amounts of variability during 

acquisition. Because most of the subjects in the P4 Stimulus in Extinction Group had 

relatively high numbers of unreinforced responses during acquisition, they could serve 

as a comparison for another group exposed to conditions designed to produce very low 

degrees of variability during acquisition. One way to restrict response variability during 

acquisition is to use an instruction sufficiently detailed so that subjects would be 

unlikely to emit any incorrect responses prior to their first reinforced response. 

Therefore, the Explicit Instruction Group was given specific instructions on pressing 

keys to earn money during acquisition in order to limit the amount of unreinforced 

variable responding in the acquisition phase. Response variability of those subjects was 

then compared to the P4 group that experienced a trial-and-error acquisition during the 

Hyten et al. (1996) study, hereafter called the Trial-and-Error Group. The purpose of this 

experiment was to compare the performance of the Explicit Instruction Group and the 

Trial-and-Error Group with regard to the amount and nature of variability in acquisition 

and resulting effects on variability in extinction. 



CHAPTER 2 

METHOD 

Subjects 

Twelve undergraduate students from the University of North Texas served as 

subjects for this study. Students enrolled in introductory behavior analysis classes were 

recruited to participate. Subjects earned money for participation. 

Apparatus 

Each subject was seated at a table in a small room. An 80386DX IBM-compatible 

personal computer with a 14-in color monitor and standard QWERTY keyboard was 

placed on the table facing the subject. One of four different colored square-shaped 

stimuli (Stimulus 1) was presented on the monitor in correspondence with a given 

experimental condition. The colors were blue, green, yellow and purple. After the 

spacebar and any four keys on the keyboard were pressed, a small gray rectangular 

stimulus (Stimulus 2) appeared at the bottom of the screen. When correct sequences of 

keypresses were followed by pressing the Enter key, Stimulus 1 and 2 disappeared and 

an amount of money ($0.05) flashed on the screen for 1 s while a four-tone chime-like 

sound was presented. Incorrect sequences consisting of four or more keypresses, 

followed by the Enter key, resulted in a short two-tone chime and the continued 

presentation of the colored stimulus. Sequences of three or less keypresses, followed by 

the Enter key, resulted in a return to Stimulus 1 with no chime-like sound. 

10 
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Small (.25 in) colored dots were affixed to certain keys on the keyboard. The 

numbers 1,3,5 and 7 across the top row had blue dots on them. The letters Q, E, T and 

U across the second row had green dots on them. The letters A, D, G and J across the 

third row had yellow dots on them. The letters Z, C, B and M across the bottom row had 

lavender dots on them. The colored dots corresponded to the colored stimuli that were 

presented on the computer screen. 

Procedure 

Upon entering the laboratory, the subject was asked to sit facing the computer 

monitor and keyboard. A message on the monitor stated "press any key to continue." 

Any keypress initiated the session. The computer immediately presented Stimulus 1 

(one of four square colored stimuli) and a red background. The color of Stimulus 1 

corresponded to colored dots on a horizontal row of keys on the keyboard. Pressing the 

spacebar removed the red background and replaced it with a black background. This 

also marked the beginning of a response. After any four keys were pressed following 

the depression of the spacebar, Stimulus 2 appeared just below Stimulus 1. The second 

stimulus remained on the screen until the Enter key was pressed. Pressing the Enter key 

was required to complete the sequence. To earn money, subjects had to press the 

spacebar, a pre-determined sequence of four colored keys on the keyboard and the Enter 

key. The required four-keystroke pattern was determined by experimental conditions. 

If the colored stimulus on the monitor was blue, the required pattern was 1357; if 

the stimulus was green, the required pattern was QETU; if the stimulus was yellow, the 

required pattern was ADGJ; and if the stimulus was lavender, the required pattern was 

ZCBM. Completion of a correct response resulted in removing both Stimulus 1 and 
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Stimulus 2, an audible four-tone chime and an accompanying 1 s message on the screen, 

"$0.05/' indicating that a reinforcer (money) had been earned. Incorrect patterns 

including four keystrokes or more resulted in a short two-tone chime-like sound and 

continued presentation of Stimulus 1. Incorrect patterns that had less than four 

keystrokes resulted in no tone and continued presentation of Stimulus 1. 

A continuous schedule of reinforcement (CRF) was used for all subjects 

throughout the first four experimental conditions, called the acquisition phase. Each 

condition consisted of subjects earning 100 reinforcers in the presence of a colored 

stimulus, followed by a 10 s pause and a message on the monitor, "please wait." After 

subjects completed the acquisition phase by earning 400 reinforcers; 100 reinforcers for 

each of the four response patterns corresponding to blue, green, yellow and lavender 

stimuli, the message "please wait" appeared on the monitor. After 10 s, the message 

was replaced with the stimulus associated with the last (fourth) pattern. This marked 

the beginning of a 30-min extinction phase. No responses were reinforced during this 

condition. At the end of the 30-min extinction phase, a message on the screen read 

"$20.00" and the subjects' participation in the experiment was complete. 

Half of the subjects in each group learned the patterns in the following order: 

blue stimulus and pattern 1357 (top of the keyboard), green stimulus and pattern QETU, 

yellow stimulus and pattern ADGJ, and lavender stimulus and pattern ZCBM. The 

other half of the subjects in each group learned response patterns in the opposite order 

beginning with the lavender stimulus and pattern ZCBM at the bottom of the keyboard 

as Pattern 1 and working upward. This effort was meant to counterbalance any position 

bias created by the location of patterns on the keyboard. 
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Trial-and-Error Group. Subjects in the Trial-and-Error Group were given written 

instructions immediately preceding the initial session (see Appendix A). The 

experimenter read the instructions aloud while the subject read a written copy. The 

instruction sheet was left in the room with the subject. Subjects were told the following: 

They are to try to earn money by pressing sequences of keys on the keyboard; each 

sequence begins with pressing the spacebar and ends with pressing the Enter key; they 

will have to figure out what sequence of keys you must press in between pressing the 

spacebar and the Enter key to earn money; try to earn as much money as possible. The 

experimenter answered questions by repeating relevant portions of the instructions to 

the subject and then left the room. No questions were answered after the session began. 

All other interactions were kept to a minimum. If the subject did not come in contact 

with a point delivery within the first 15 minutes of session 1, the experimenter told the 

subject to "think about the dots" as a prompt. 

Explicit Instruction Group. The Explicit Instruction Group was treated equally 

except that the instructions (see Appendix B) included the statement, "If a colored 

square on the screen matches one of the colors on the keyboard, press the matching 

colored keys in the order of left to right. For example, if the square is green, press 

spacebar, QETU, enter." This more explicit instruction told subjects two critical things 

not told to subjects in the Trial-and-Error Group: that they were to press colored keys 

that matched the on-screen colored stimulus and to press those keys from left to right. 

These two instructional elements were thought necessary to bring the behavior of the 

subjects under the control of the on-screen colored stimulus associated with each of the 

four patterns and to restrict keypressing to one direction during acquisition. If subjects 
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followed this instruction during acquisition, every response would be reinforced. 

Therefore, there would be no variability in acquisition other than that involved in 

emitting the designated four response patterns. 



CHAPTER 3 

RESULTS 

Multiple analyses were performed and, while attempting to retain the purest 

form of individual data, some of the results will be summarized according to response 

categories. Graphs and tables of the results will be presented in the following order: 

response rates for acquisition and extinction, number of responses emitted during each 

experimental condition, distribution of responses across extinction, classification of 

extinction responses according to pattern (1-4) similarities, a detailed analysis of 

response types emitted during PI of acquisition and extinction, group summaries of 

response types emitted during extinction, a summary of unreinforced response types for 

phases P1-P4 of acquisition, and response type variability across acquisition and 

extinction. The major comparisons will be between the performance of the Trial-and-

Error Group subjects and the subjects in the Explicit Instruction Group. 

Response Rates in Acquisition and Extinction 

Response rates were computed by counting the number of completed responses 

that occurred during each minute of the acquisition and extinction conditions. A 

complete response consisted of first pressing the spacebar, followed by pressing at least 

one other key, and ended when the enter key was pressed. All responses fulfilling these 

requirements, whether reinforced or unreinforced, were counted. Figures 1-6 show the 

response rates for each subject. Arrows indicate the first point where 50% or more of the 

15 
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responses in a minute were reinforced. After this point was reached, the majority of 

responses per minute were reinforced for all subjects in acquisition. 

Response rates for the Trial-and-Error Group subjects (S13-S18 in Figures 1-3) 

were initially quite low. As subjects learned to emit Pattern 1(P1) responses that earned 

points, response rates increased. Only S18 showed response rates that progressively 

increased prior to earning points for correct responses. An upward trend was apparent 

for all subjects in this group during PI of acquisition and, to some extent, throughout the 

entire acquisition condition. However, response rates increased the most during PI and 

became more stable during P2-P4. Overall, response rates varied between subjects, but 

each subject's rate was slowest during PI (ranging from 0-5 responses per minute) and 

was fastest during either P3 or P4 (ranging from 29-39 responses per minute). 

Response rates for subjects in the Explicit Instruction Group (S22-S27 in Figures 

4-6) initially were much higher and more stable when compared to PI rates for the Trial-

and-Error Group. Responses by these subjects were correct and earned points 

immediately. Only one subject's data in this group, S23, showed a noticeable upward 

trend throughout acquisition. Rates during P2-P4 for all other subjects in the Explicit 

Instruction Group were relatively stable and roughly equal to the initial rates during PI. 

Similar to the Trial-and-Error Group, each subject in this group also emitted their 

slowest rate during PI (ranging from 11-22 responses per minute) and their fastest rate 

during either P3 or P4 (ranging from 19-33 responses per minute). 

For all subjects, extinction began after completing P4 of acquisition. Changes in 

response rates occurred in both groups during the extinction condition. Compared to 
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responding during P4, all subjects, except S26, showed a decrease in rate within the first 

few minutes of extinction followed by more variable responding. 

For the Trial-and-Error Group, response rates varied throughout extinction and 

rates often dropped to levels as low as those observed in the beginning of PI when 

responses were unreinforced. The majority of data points for this group were lower 

than those produced during P2-P4 acquisition and only occasionally were rates similar 

to those produced during P2-P4 acquisition. During extinction, S14 was the only subject 

to respond at a rate that exceeded the fastest rate of responding in acquisition. Such 

periods of high-rate responding are defined as extinction bursts in this methodology (see 

Fitzsimons, 1996). 

For the Explicit Instruction Group, the majority of data points for extinction were 

within the same range as response rates emitted during P2-P4 acquisition and only 

occasionally different than P2-P4 rates. For some subjects rates during extinction were 

higher than acquisition rates and for some subjects the rates were lower. Additionally, 

all of the subjects, except S23, emitted some high-rate responding during extinction that 

qualified as extinction bursts. 

Extinction increased rate variability for both groups compared to the rather 

stable responding that was present during P2-P4, but the effects were larger for the 

Trial-and-Error Group. When points were no longer delivered, response rates generally 

decreased for the Trial-and-Error Group. However, for the Explicit Instruction Group, 

responding tended to remain more constant and similar to rates present throughout 

acquisition. 
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Only one subject, S23 of the Explicit Instruction Group, did not continue to 

respond throughout the 30-min extinction condition. Twelve minutes into extinction, 

the subject left the experimental room and asked if there was a problem with the 

computer program. The subject was told that the computer was working properly. She 

returned to pressing keys for roughly five minutes, then quit responding altogether. 

After three minutes without responding she again left the room and told the 

experimenter that she was done. 

Number of Responses 

All subjects were required to emit 100 reinforced responses for each of the four 

conditions in acquisition. This came to a total of 400 reinforced responses per person 

and 2400 per group. There was no limit to the number of unreinforced responses the 

subjects could emit during acquisition or extinction. Figures 7-8 show the number of 

unreinforced responses emitted by each subject for P1-P4 of acquisition and extinction. 

As would be expected, most of the Trial-and-Error Group subjects emitted more 

unreinforced responses during acquisition than did the Explicit Instruction Group 

subjects. Subjects in the Trial-and-Error Group emitted a total of 654 unreinforced 

responses during acquisition, seventy-five percent (489) of which were emitted during 

PI. Subjects in the Explicit Instruction Group emitted very few unreinforced responses 

throughout acquisition. A total of only 33 responses went unreinforced. These 

responses were evenly distributed across all four acquisition conditions. 

An interesting point should be noted. Two of the Trial-and-Error Group subjects 

(S15 and S16) emitted totals of only 3 and 6 unreinforced responses respectively 

throughout the acquisition condition. This number of unreinforced responses was far 
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fewer than any of the other subjects in the Trial-and-Error Group and was identical to 

the number of unreinforced responses emitted by two of the Explicit Instruction Group 

subjects (S27 and S22) during acquisition. 

During the extinction phase, the number of responses emitted by the Trial-and-

Error Group subjects ranged from 132-653 with a median of 376.5, while the range for 

the Explicit Instruction Group subjects was 350-822 with a median of 558. The Trial-and-

Error Group emitted a total of 2116 unreinforced responses while the Explicit Instruction 

Group emitted a total of 3550 unreinforced responses. Only one subject from the Trial-

and-Error Group emitted more than 500 responses during extinction whereas 5 of 6 

subjects from the Explicit Instruction Group emitted more than 500 responses. The 

subject who emitted less than 500 responses in the Explicit Instruction Group (S23) 

emitted 350 responses during the first half of the extinction condition, then quit 

responding and left the room. 

Distribution of Responses Across Extinction 

Figures 9-12 depict the overall prevalence and distribution of types of responses 

that were emitted over the 30-min extinction condition. Responses were graphed as 

single data points as they occurred in real time during extinction. The 30-min period is 

plotted across the abscissa. The types of response categories are labeled on the ordinate. 

The numbers 1-4, located on the ordinate, represent exact occurrences of the original 

four patterns learned during acquisition. Any response falling within one of these 

categories is considered an instance of pure resurgence. In addition to emitting pure 

Patterns 1-4, subjects sometimes mixed the order of keypresses within a pattern or 

combined parts of previously reinforced patterns (i.e., only pressed keys with colored 
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dots but in various orders). These responses were categorized as blends of reinforced 

keystrokes and appear on the graph in the BR category. Responses that combined 

keystrokes from one or more of the original four patterns (keys with colored dots) with 

keystrokes that were never reinforced (keys with no colored dots) are members of the 

blends of reinforced and unreinforced keystrokes and appear on the graph in the BRU 

category. The final category represents responses that were composed entirely of 

keystrokes that were never reinforced during the acquisition phases (keys with no 

colored dots). These responses were categorized as unreinforced keystrokes and appear 

at the top of the graph in the U category. Responses occurring in rapid succession (with 

short interresponse times) within a category appear as a blurred line while slower 

responding results in gaps between data points. 

These real-time analysis graphs show that the Trial-and-Error Group subjects 

produced more topographical variability during extinction than subjects in the Explicit 

Instruction Group. Every Trial-and-Error Group subject had responses distributed 

across all seven categories in extinction, except S13, who emitted no U category 

responses. Although the first response for all subjects in extinction was a pure Pattern 4, 

BR responses were most prevalent for all Trial-and-Error Group subjects except S16. 

Previous work by Fitzsimons (1996) identified "resurgence waves" in these real-time 

graphs. A resurgence wave was defined as a series of four consecutive resurgent 

responses in the order of PI, P2, P3, P4 or some other sequence that included those four 

responses. This higher-order pattern of responding was observed for 4 of the 6 Trial-

and-Error Group subjects. Subjects S14, S15, S16 and S18 emitted at least one resurgence 

wave during the 30-minute extinction condition. 
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For the Explicit Instruction Group, almost all of the responding occurred in the 

P4 category. As stated earlier, all subjects began extinction with a pure P4 response; 

however, these subjects continued responding this way with only occasional responding 

in other categories. Only S27 responded in all seven categories. He was also the only 

Explicit Instruction Group subject to emit a resurgence wave. 

Analysis of Categories 

Although it was easy to categorize responses emitted during extinction by the 

Explicit Instruction Group (the majority of which were pure P4 responses), it was more 

difficult to determine the exact structure of responses emitted by the Trial-and-Error 

Group. Most of their responses were mixed or blended parts of the original four 

patterns. To further specify the composition of these response blends (BR, BRU and U 

categories), a detailed analysis of the individual keystrokes that comprised each 

response was performed. This helped determine how often response patterns (P1-P4) 

contributed elements to the responses in the blend categories. 

This analysis used the original four patterns to define pattern element 

contribution to the blends. For example, if ZCBM was the first pattern learned (PI) and 

ZZMM was emitted during extinction, then ZZMM would be classified in the BR 

category with pattern element contribution from PI. If 1357 was the fourth pattern 

learned (P4) and 1234 was emitted during extinction, then it would be classified in the 

BRU category with pattern element contribution from P4. Responses that had elements 

from more than one pattern were classified according to the origin of the majority of 

keystrokes. For example, a response 7531QAZ would be classified as having pattern 
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element contribution from P4. Responses with equal contribution from two patterns 

(e.g., ZC57) were counted as having 0.5 contribution from each pattern. 

U category responses were composed entirely of pressing keys that were not 

from the original four patterns (i.e., keys without colored dots). Row element 

contribution rather than pattern element contribution was used to categorize these 

responses. The reason for using row element contribution was due to a relationship 

between the original four horizontal patterns of reinforced keystrokes (colored dot keys) 

and the responses that consisted of only unreinforced keystrokes (no colored dot keys). 

This relationship is partly due to the layout of the keyboard. Keys are aligned in 

horizontal rows. It is also partly due to the order in which the colored dots were placed 

on the keyboard. Similar colored dots were placed on every other key across a row of 

keys. For example, if 1357 was P4 for a subject during acquisition then the response 2468 

during extinction was considered to have row element contributions from row 4. If the 

majority of keystrokes in a response were from a single row, then that row was 

identified as the row element contribution. Responses with equal contribution from two 

rows were counted as having 0.5 contribution from each row. 

Pattern element contribution for responses that moved vertically up and down 

the keyboard (e.g., a response composed of only one keystroke from each of the four 

patterns) was determined by the first key pressed within the response. This method was 

used for two reasons. First, there was no obvious way to categorize these responses 

other than to put equal parts (0.25) into each category. However, dividing a response in 

that manner produced no useful information about the strength of individual pattern 

element contributions to the response. Second, the basis for determining how to classify 
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this type of pattern resulted from comments made during the debriefing sessions. Some 

subjects stated that they thought the first key pressed in a response may be more 

important than any of the following keypresses. No subjects reported the middle or last 

keys as having any significance. Therefore, vertical responses were categorized based 

on the location of the first key pressed. If 1357 was P4 for a subject and 1QAZ was a 

vertical response emitted during extinction, then it would be classified as a vertical 

pattern with element contribution from P4. Note that all of the reinforced patterns 

during acquisition moved horizontally from left to right across rows of keys. Only the 

progression of completing one pattern of responding in an acquisition phase and 

continuing to the next acquisition phase moved vertically up or down the keyboard. 

Some responses could not be categorized based on a pattern or row element as 

defined above. Therefore, these responses were classified as Other. For example, 

responses that did not have a clear majority (e.g., 12WEDC or ZDAW3) were classified 

in the Other category. Responses such as words, that appeared to be under some other 

type of stimulus control, were also classified as Other. For example, responses for one 

subject (S13) included her social security number, date of birth and name while another 

subject (S14) typed the first 46 words of the Gettysburg Address. 

Figures 13 and 14 show stacked bar graphs summarizing the pattern element 

contributions of the responses during extinction. Located on the abscissa are the pattern 

numbers 1-4 that represent contributions to responses based on patterns or rows. The 

Other category is also on this axis. Located on the ordinate is the percent of responses 

emitted during extinction. The total height of the bars indicates the percent of responses 

associated with the Pattern 1-4 categories and the Other category. As illustrated in 
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Figure 13, all of the Trial-and-Error subjects emitted more types of responses with 

Pattern 4 or row 4 elements than any other type of response. Percentages of responses 

with P4 element contribution ranged from 56% for S14 to 93% for S13. No other single 

category contributed more than 20% to the total amount of responding during 

extinction. This figure also shows that the majority of responding for 5 of 6 subjects 

(excluding S16) was in the BR category, and most of the BR responding was comprised 

of keystrokes from Pattern 4. The majority of responses for S16 were also from Pattern 4; 

however, they were in the form of purely resurgent P4 responding. Sixty-four percent of 

S16's responses were pure P4. This is much higher than any other subject in the Trial-

and-Error Group. The amounts of pure P4 responding for the other subjects ranged 

from 5% for subject 15 to 9% for subject 14. 

Figure 14 illustrates the pattern element contribution for the Explicit Instruction 

Group subjects during extinction. These subjects emitted responses consisting almost 

exclusively of P4 elements and nearly all responding was in the form of purely resurgent 

P4. Pure P4 responses ranged from a low of 86% for Subject 27 to a high of 99% for 

Subject 25. No other single pattern element contributed more than 1% to the total 

amount of responding during extinction. 

Based on these data, it is clear that the P4 stimulus presented during extinction 

exerted strong stimulus control over responding for both groups. However, the Explicit 

Instruction Group produced an abundance of responses identical to those previously 

emitted during the last phase of acquisition, whereas the Trial-and-Error Group 

primarily pressed the same keys but varied the order in which they were pressed. 
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Individual Variability Charts 

To obtain more information about the nature of variability in both groups, a 

more detailed analysis of response structure was necessary. Unlike the previous 

analysis of extinction data shown in the real-time graphs and the stacked bar graphs, 

this analysis compared response structure during both acquisition and extinction. 

Responses that were initially categorized as either BR, BRU, or U were again analyzed 

and classified more explicitly. The majority of responses could be classified as 1 of 8 

different response types. Responses that could not be categorized according to these 

eight response types were classified as an Other. 

A variability chart was designed to present these results. Figures 15-18 are 

individual variability charts that show how often a subject emitted various response 

types. The charts are divided into left and right halves. The left side identifies pattern 

element contributions for the eight response types emitted during the first phase of 

acquisition while the right side identifies pattern element contributions for response 

types emitted during extinction. The eight response type categories plus the Other 

category are listed on the far left-hand side of the chart. Data from the second, third and 

fourth phases of acquisition were analyzed in the same manner, but because there was 

so little topographical variability during these phases these data are not shown in the 

variability charts. An analysis discussed later will summarize data from these phases. 

Every response was categorized according to two components. One component 

pertains to the pattern element contribution as discussed earlier. For example, if 

pressing the keys ZCBM was reinforced during the first phase of acquisition, then 

responses emitted on the bottom row of the keyboard are said to be related to Pattern 1 
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and are placed in the PI column of the chart. The second component pertains to the 

sequential order in which keys were pressed. 

Responses that were purely resurgent (the same sequence of keys as pressed 

during acquisition) continued to be classified according to the response patterns P1-P4. 

For example, if ZCBM was the first pattern to be reinforced in acquisition and the 

response ZCBM was emitted during the first phase of acquisition, then it would be 

categorized as a "pure" PI and be placed in the first row, first column under 

Acquisition. If a total of 100 responses were ZCBM during the first phase of acquisition, 

then the number 100 would be present in the "pure-Pi" bin. When the sequential order 

of keystrokes was reversed and MBCZ was pressed, then this response would still have 

Pattern 1 element contributions but would be classified as a backwards pattern response 

and be placed in the second row of column one or "backpat-Pl" bin. When the order of 

keypresses was jumbled and, for example, ZMCB was pressed then this response would 

be categorized as a mixed-order Pattern 1 response or "mixpat-Pl." Any combination of 

the four keys that make up a response (other than in the reinforced order or backwards 

order) was considered a mixed-order response. Backpats and mixpats most closely 

resemble the actual occurrence of pure resurgence because only the sequence (one 

dimension) of the actual reinforced response varied. Response types that are less similar 

to the originally reinforced responses will follow. Moving down the response type 

column, "mostpat" is the next category. When the biggest similarity between keystrokes 

was that 50% or more of the keys pressed were from one of the four patterns then the 

response was categorized as a "mostpat." Responses such as ZXCVBNM or ACBM 

were classified as "mostpat-Pl." When a single key was pressed repeatedly (e.g. BBBB), 
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then it was categorized as a single repeat or "sgl. rpt.-Pl." The "half/half" category 

includes responses such as ZZ11. Because pattern element contributions were equally 

divided between two patterns, this response was recorded as 0.5 in both pattern bins (in 

this case 0.5 for PI and 0.5 for P4). When the sequential order of keypresses moved 

vertically up or down the keyboard, then the response was classified as a "vertical." 

MJU7 is an example of a "vertical-Pi" response and 1QAZ is an example of a "vertical-

P4" response. When the majority of a response was comprised of pressing non-pattern 

keys (keys without colored dots) then it was categorized based on row element 

contribution. The response XVN would be classified as a "mostrow-Pl." The mostrow 

category is similar to the mostpat category except the keys pressed were never part of a 

reinforced pattern. If a response did not fit into any one of the eight previously 

mentioned categories, then it was placed into the "Other/word" category. 

The individual variability chart for S13 will be described below to illustrate how 

to read these charts. The number 100 is found on the acquisition (left) side of the chart 

in the first column, first row. This means that 100 responses were in the form of "pure-

Pi" responses. This is the case for all subjects because 100 responses was the required 

amount of reinforced responses necessary to proceed to the next phase of acquisition. 

Only responses in this bin were reinforced. Therefore, responses located in any other 

bin on the chart were unreinforced. The total number of responses emitted for each 

category was recorded in the individual bins. An empty bin signifies that the subject did 

not emit this type of response. Bins were left empty so that it is easy to see the amount 

of topographical variability simply by counting the number of bins containing numbers. 
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Continuing across the "pure" row of S13's chart, responses included two "pure-

P2" responses, two "pure- P3" responses and one "pure- P4" response for the first phase 

of acquisition. Moving down the variability chart, S13 emitted two "backpat-Pl" 

responses and five responses that mixed the order of the original PI response. No other 

backwards or mixed patterns were emitted. Twelve responses were categorized as 

"mostpat," 11 with PI element contribution and one with P3 element contribution. No 

single repeats were emitted. One "half/half" response was emitted with pattern 

element contributions originating from PI and P2. Of the eight response type categories, 

the most common type of unreinforced response emitted by S13 was in the vertical 

category. Nine "vertical-Pi" responses and 10 "vertical-P4" responses were emitted. 

Unreinforced responses in the "mostrow" category had pattern element contribution 

originating from all four patterns (five from PI, two from P2, one from P3 and two from 

P4). There were 21 responses that could not be classified according to the eight 

categories and were placed in the "Other/word" category. Eleven of these responses 

were in the form of words. 

Subjects 13-18 were not given instructions on how or what to press to earn 

points, therefore they had to figure out what keys to press using a trial-and-error 

procedure of their own. The variability charts show that many of the response types for 

S13 (and the other subjects) had PI element contribution. This suggests that either the 

colored stimulus on the computer monitor or the colored dots on the keys exerted 

stimulus control over which keys were pressed in acquisition. Perhaps the ability to 

match the colored stimuli on the monitor to the colored dots on the keyboard had some 
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effect on which keys were pressed. Most of the acquisition variability occurred prior to 

the first point delivery. 

The right side of the individual variability chart lists all responses emitted during 

extinction. Remembering that the P4 stimulus was on screen for all subjects during 

extinction, the variability chart shows that the majority of responses emitted by all 

subjects had pattern element contributions from P4. This was also evident in the stacked 

bar graphs discussed earlier, but the variability charts more clearly identify the types of 

responses that were emitted. For example, S13 emitted very few responses that had 

pattern element contribution from P1-P3. Responses with P4 elements were dispersed 

across many of the response type categories, with the majority of responses in the form 

of "mixpat-P4" and "mostpat-P4." 

Located below each variability chart is the total number of responses emitted for 

each condition. For acquisition, this number includes both the 100 reinforced responses 

and all of the unreinforced responses. Therefore, the number of unreinforced responses 

can be calculated by subtracting 100 from the total number or responses. A simple 

variability metric was also calculated for each condition and is located below the 

number of responses. The variability chart consists of a 4 x 8 matrix plus one additional 

bin for the "Other/word" category, thereby giving it a total of 33 bins for each condition. 

A variability percentage for each individual was calculated by dividing the number of 

occupied bins by 33 and multiplying by 100. Individual variability percentages can be 

used to compare amounts of topographical response variability a subject emitted during 

acquisition and extinction. Variability percentages for each condition can also be used to 

compare responding between subjects. 
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Subject 13 emitted 175 responses during PI of acquisition, 75 of which were 

unreinforced. Seventeen of the 33 bins were occupied resulting in a variability 

percentage of 52%. In extinction, 132 responses were emitted and 11 of the 33 bins were 

occupied. Therefore, variability for extinction was 33%. Subject 13 was the only person 

whose topographical variability was less in extinction than it was in acquisition. 

Topographical variability during Phase 1 acquisition for the subjects in the Trial-

and-Error Group ranged from 6% for S16 to 64% for S18. Topographical variability 

during extinction ranged from 33% for S13 to 91% for S14. When comparing variability 

across conditions, S14 had the largest change. Seven of the 33 bins (21%) were occupied 

during acquisition and 30 out of 33 (91%) were occupied in extinction. However, S16 

also showed a large increase in topographical variability. During PI of acquisition, S16 

emitted only one response that was not reinforced and it was in the form of a "pure-P2." 

This resulted in two of the 33 bins (6% variability) being occupied for the first phase of 

acquisition. During extinction, 19 of the 33 bins were occupied resulting in 58% 

variability for this condition (nearly a tenfold increase). In all, 5 of 6 subjects in the Trial-

and-Error Group (except S13) had increases in topographical variability during 

extinction compared to the PI acquisition condition. 

The subjects in the Explicit Instruction Group had lower variability percentages 

for both phases. Three subjects (S22, S25 and S26) emitted only reinforced responses 

during PI of acquisition, which resulted in just one of the 33 bins being occupied (3% 

variability). These subjects did not emit a single unreinforced response during the first 

phase of acquisition. During extinction, these subjects only emitted two types of 

responses. The responses were primarily "pure-P4" with a few "mostpat-P4." 
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Inspection of the data files showed that the majority of the mostpat responses were in 

the form of simultaneously hitting two adjacent keys. This suggests that mostpat 

responses were often typographical mistakes and were not attempts to press other 

sequences of keys. 

Knowing this about the mostpat responses, it is not surprising to find out that the 

only type of unreinforced response made by the other three subjects in the Explicit 

Instruction Group during acquisition was in the form of "mostpat-Pl." In other words, 

three subjects emitted only reinforced responses during acquisition (3% variability) and 

the other three subjects emitted just one type of unreinforced response (6% variability). 

The subjects who emitted only PI responses during acquisition emitted only two types 

of responses during extinction ("pure-P4" and "mostpat-P4"). However, all three 

subjects who emitted a mostpat response during the first phase of acquisition emitted 

other types of unreinforced responses during extinction. Topographical variability 

during extinction for this group ranged from a low of 6% for S22 to a high of 45% for 

S27. 

Group Variability Charts 

For an overall view of group responding during extinction, the variability charts 

were slightly modified. The group variability charts in Figures 19-20 summarize the 

data that were presented on the extinction side of the individual variability charts. All 

six individual charts were combined into one and the number of responses per bin were 

converted into percentages. For example, S13 emitted a total of 132 responses during 

extinction. One of those 132 responses was a "pure-Pi." This is equal to 0.8% of the total 

responses emitted by S13 during extinction and can be found in the top left-hand slot of 
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the "pure-Pi" bin. Percentages for S13 are always located in the top left-hand slot of 

each response type bin. If the top left-hand slot is empty, then S13 did not emit that type 

of response. The 33 bins in the group variability charts are identical to the bins used for 

the individual variability charts. Because each subject had the opportunity to emit the 

33 different types of responses, all bins were divided into six slots, one for each subject. 

These group variability charts attempt to retain individual data by using percentages of 

total responding, while visually showing how much variability was present for the two 

groups. Figures 19-20 show amounts of topographical response variability for the Trial-

and-Error Group subjects and the Explicit Instruction Group subjects. 

Topographical variability for each group was calculated by dividing the number 

of occupied bins by 198 and multiplying by 100 (198 is derived from multiplying the 33 

bins by the 6 individual slots). Variability for the Trial-and-Error Group was equal to 

65.7% during extinction while variability for the Explicit Instruction Group was equal to 

15.2%. A quick visual inspection of the two charts shows that the variability chart for 

the Trial-and-Error Group is quite full. This indicates that most subjects emitted many 

response types during extinction. Compare this to the relatively empty variability chart 

for the Explicit Instruction Group and it is apparent that most of the subjects in the 

Explicit Instruction Group emitted a small number of response types during extinction. 

A closer look at this chart reveals that most of the topographical variability for the 

Explicit Instruction Group was emitted by one subject (S27). 

The total amount of "pure-P4" resurgent responses was also calculated. The 

Trial-and-Error Group emitted 357 resurgent P4 responses during extinction (16.9%) 

while the Explicit Instruction Group emitted 3354 resurgent P4 responses (94.5%). These 
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figures show that most of the responding for the Explicit Instruction Group was in the 

form of pure P4. On the other hand, pure P4 responses were rare for every subject in the 

Trial-and-Error Group except S16. Subject 16 emitted 232 of the 357 pure P4 responses 

for the Trial-and-Error Group. Responses by the other Trial-and-Error Group subjects 

were distributed across most of the response type bins, but the majority of responses 

were in the P4 column. 

Acquisition Variability 

Although the variability chart could have been used for all acquisition phases, 

the majority of topographical response variability occurred during PI. Acquisition 

phases 2-4 had very little variable responding. Therefore variability charts were not 

completed for these phases. However, some interesting information would be missed if 

this information was not presented. Therefore an acquisition summary table was 

completed to show response data that occurred during each of the four acquisition 

phases. 

The summary tables, shown in Figures 21 and 22, include the subjects' 

acquisition data. Subject numbers are found in the first column while column 2 lists 

each acquisition phase. All subjects have four rows of data, each row corresponding to 

one of the four acquisition phases. The information presented in these tables should be 

read from left to right. For example, information concerning S13's responding during 

the first condition of acquisition is located across the first row of data in Figure 21. 

Information for the second phase of acquisition is in row 2 and so on. This allows 

response data for each subject to be analyzed according to each individual phase of 

acquisition. 
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A review of S13's data will be used to describe the information in these 

summaries. The first row of data includes responses during PI of acquisition. Column 3 

indicates that the sixty-fifth response was the first response to earn a reinforcer. In other 

words, S13 emitted 64 consecutive unreinforced responses prior to receiving any 

reinforcement for pressing keys. A total of 75 responses went unreinforced during the 

first phase of acquisition (column 4), meaning that 11 unreinforced responses were 

emitted after contacting the first reinforcer. Columns 5 and 6 identify when the first 

unreinforced response occurred and its response type. For S13, the first response of this 

phase was unreinforced and it was categorized as a vertical response starting with a 

keystroke from pattern 1 (vertical 1). Other types of unreinforced responses (if any) are 

presented in the last column. These unreinforced response types are listed in the 

sequential order in which they were emitted. During the first phase of acquisition, S13 

emitted unreinforced responses in the following categories: vertical-Pi (first 

unreinforced response located in column 6), mostrow, pure-P2, pure-P3, other, half and 

half, mostpat, word, backpat and mixpat (located in the last column). 

For S13, the first responses in acquisition phases 2-4 were reinforced. The total 

numbers of unreinforced responses during P2-P4 were 8,9 and 10 respectively. The 

second response in phase 2 was the first occurrence of an unreinforced response. In 

phases 3 and 4 it was the sixth and sixteenth response respectively. In phases 2-4, the 

first unreinforced response type was a mostpat. An unreinforced backpat was also 

emitted during P2 and a half/half was recorded during P3. No other response types 

were attempted by S13 during the last phase of acquisition. 
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The amount of topographical variability for each acquisition phase can be 

estimated by counting the number of response types a subject emitted in each phase. 

Because the purpose of this sheet was to summarize data, pattern element contributions 

were recorded only for the first unreinforced response and for the purely resurgent 

response type category. The last two columns of the acquisition summary table can be 

used to estimate a subject's topographical variability across the four phases. For 

example, S13 emitted a total of nine different response types during PI. However, only 

mostpats and backpats were emitted during P2. Mostpats and a half-and-half were 

emitted during P3 and only mostpats were emitted during P4. This subject emitted 

many types of unreinforced responses during PI, showing high variability. Compared 

to PI, very few unreinforced response types were emitted during P2-P4, showing low 

topographical variability. 

Data displayed in the last two columns reveal that the widest variety of 

unreinforced responding for all subjects in the Trial-and-Error Group (except S16) 

occurred during the first phase of acquisition. This topographical variability decreased 

during phase two and remained low during the third and fourth phases. Topographical 

variability was initially low for SI 6 and it remained low throughout acquisition. Subject 

18 also responded differently compared to the rest of the Trial-and-Error Group in that 

she continued to emit many types of unreinforced responses during P2. There was a 

decrease in variability compared to PI, but it was not nearly the decrease exhibited by 

the other subjects. While 5 of 6 subjects showed the largest decrease between PI and P2, 

S18 had the largest decrease between P2 and P3. 
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Similar to S16, three subjects in the Explicit Instruction Group emitted only one 

type of unreinforced response (mostpat) during PI (see Figure 22). The other three 

subjects in this group emitted no unreinforced responses during PI. All Explicit 

Instruction Group subjects earned a reinforcer for the first response emitted. Both the 

variety of response topographies and the total number of unreinforced responses were 

much lower compared to the Trial-and-Error Group, especially for PI. Throughout 

acquisition, the only type of unreinforced response emitted by any subject in the Explicit 

Instruction Group was in the form of a mostpat. So, not only did these subjects emit 

very few unreinforced responses but they also emitted only one type of unreinforced 

response. Therefore, topographical variability for all of the Explicit Instruction Group 

subjects was initially low and remained low throughout acquisition. 

Response Type Variability Summary 

Figure 23 graphically summarizes the data on response type variability for all 

subjects across acquisition and extinction. Located across the abscissa are the four 

phases of acquisition and the extinction condition. Percent response type variability is 

plotted on the ordinate. The variability percentages for PI and extinction, which were 

previously presented at the bottom of each individual variability chart, are shown. 

Additionally, variability percentages for P2-P4 were calculated using the same method 

as previously defined (dividing the number of occupied bins by the total number of bins 

and multiplying by 100). Two graphs, one for each group, present the data for the 12 

subjects. 

The filled shapes in the top graph represent the Trial-and-Error Group while the 

empty shapes in the bottom graph represent the Explicit Instruction Group. The Trial-



37 

and-Error Group graph illustrates how topographical variability was initially high, 

decreased for phases 2-4 and increased again during extinction to levels often exceeding 

PI variability levels. In comparison, topographical variability for the Explicit Instruction 

Group started at near zero levels and remained low throughout acquisition. 

Topographical variability increased slightly during extinction for most of the subjects. 

Only one subject (S27) in the Explicit Instruction Group showed a substantial increase in 

topographical variability during extinction; however, his increase was less than that 

observed in 5 of 6 Trial-and-Error Group subjects. 



CHAPTER 4 

DISCUSSION 

Major differences in the amount and nature of variability during acquisition and 

in extinction were observed between the two groups. These differences were evident in 

every measure used to analyze the data. During acquisition, subjects in the Trial-and-

Error Group behaved more variably than did subjects in the Explicit Instruction Group. 

Response rates of the Trial-and-Error Group exhibited a greater range during acquisition 

than those of the Explicit Instruction Group. The majority of Trial-and-Error Group 

subjects produced many unreinforced responses prior to emitting the first reinforced 

response whereas the Explicit Instruction Group subjects emitted reinforced responses 

from the start of acquisition and produced very few other types of responses. The 

instruction given to the Explicit Instruction Group appears to have been very effective in 

restricting both rate and topographical variability during acquisition. 

Almost all of the variability differences during acquisition were obtained during 

the first condition of that phase, when subjects were learning to emit PI responses. By 

the end of the fourth condition of the acquisition phase, the groups differed very little in 

the amount or nature of the variability. 

Substantial differences between the groups' performances were apparent during 

extinction as well. Although subjects in the Explicit Instruction Group emitted more 

total responses in extinction than Trial-and-Error Group subjects, almost all of their 

38 
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responses were purely resurgent P4 responses. Response rates of the Explicit Instruction 

Group subjects remained high and near the acquisition rates with only occasional 

deviations. Subjects in the Trial-and-Error Group emitted a greater variety of responses 

in extinction and their response rates decreased below those observed during the 

terminal portions of the acquisition phase. For 5 of 6 Trial-and-Error Group subjects, the 

majority of extinction responses consisted of fragmentary resurgence: responses that 

blended elements from the P4 response pattern. In this regard, the two groups share a 

similar feature. The behavior of all subjects was under strong stimulus control by the P4 

colored stimulus that remained on screen throughout extinction. 

One conclusion that can be drawn from these data is that variability during 

extinction is similar to, and therefore predicted by, variability during the early portions 

of an acquisition phase. However, a close examination of the amounts of topographical 

variability stimulated an examination of the nature of that variability. There were some 

differences in the nature of the topographical variability during acquisition and 

extinction between two subjects in the Trial-and-Error Group that suggest a more 

complex account of the relationship between variability in acquisition and extinction. 

Both S15 and S16 of the Trial-and-Error Group emitted very few unreinforced 

responses in acquisition, yet they produced different kinds of topographical variability 

in extinction. A subtle but potentially important difference between the two subjects 

was observed. Subject 16's first response was completed and reinforced within 19 s of 

the start of the acquisition phase. A total of 94 consecutively reinforced responses were 

emitted prior to the first unreinforced response (which was an intact P2 response). This 

is similar to the performance of the Explicit Instruction Group subjects, all of whom also 
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emitted reinforced responses as their first responses in acquisition. Subject 15's first two 

responses were "errors" and went unreinforced. The first unreinforced response was a 

blend of PI and P4 responses. Following her second response, at approximately 1 min 40 

s into the experiment, she did press the correct sequence of Rb keys, but the spacebar 

(Ra) was not pressed to initiate the response. Therefore, this was not considered a 

complete response and it did not earn a reinforcer. The third complete response was 

the first to earn a reinforcer and it occurred four and a half minutes after the experiment 

started. 

So, although both subjects had approximately the same amount of topographical 

variability in acquisition, the nature of that variability was different. During extinction, 

the variability of S15 was more similar to that of the other Trial-and-Error Group 

subjects whereas the variability of S16 in extinction was more similar to that observed in 

the Explicit Instruction Group. This suggests that when topographical variability occurs 

and what kind of unreinforced responses are emitted in acquisition may be crucial in 

determining the kind of topographical variability produced during extinction. 

All of the subjects in the Explicit Instruction Group emitted P4 responses as the 

dominant response in extinction. This shows that pure resurgence in extinction can be 

greatly amplified through an instruction that eliminates most variability during 

reinforced acquisition. What feature of the explicit instruction was responsible for that 

effect on behavior in extinction? There are several possible explanations. One possible 

explanation is that the instruction's effectiveness in restricting acquisition variability 

may have led to the restricted variability in extinction. Specifically, Explicit Instruction 

Group subjects emitted the designated "correct" (reinforceable) responses from the start 
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in acquisition. The few unreinforced responses occurred later and were "mostpat" 

responses consisting of a majority of keystrokes belonging to the response designated as 

correct for that condition of the acquisition phase. It is likely that these mostpat 

responses were typing mistakes more than deliberate attempts to emit a different 

response. 

There is some experimental evidence supporting the view that instructions can 

lead to restricted variability following later changes in programmed contingencies. 

Joyce and Chase (1990) showed that a detailed instruction about how to respond on a 

fixed-ratio schedule produced low variability in response rates (as measured by 

interresponse time distributions) and a subsequent persistence of those rates following 

an unsignalled change to a different schedule. The second schedule was a fixed-interval 

schedule that permitted efficient responding at a lower rate than the high-rate 

responding generated by the fixed-ratio schedule. Although response rates of the 

Explicit Instruction Group subjects in the present study also persisted across acquisition 

and extinction, the focus of the analysis was on finer details of response topography. 

The finding that instructed response topography led to low topographical variability in 

acquisition and a persistence of that reinforced topography in extinction extends the 

conclusion of Joyce and Chase (1990) beyond the domain of response rates to more 

complex aspects of response topography. 

Interestingly, results from the present study differ from those of Joyce and Chase 

(1990) in one aspect. Joyce and Chase also found that simply exposing subjects to the 

fixed-ratio schedule without instructions until responding was stable (low variability) 

resulted in low variability when the schedule changed abruptly to the fixed-interval 
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schedule. Although they did not show data from early portions of the fixed-ratio 

schedule, it is reasonable to conclude that response rates were more variable than when 

they finally met the stability criterion at the end of the training. This is similar to the 

changes in acquisition variability of the Trial-and-Error Group in the present study. My 

subjects emitted most of their variable responding early in the acquisition phase, but by 

the end of that phase the topographical variability was not meaningfully different from 

that of the Explicit Instruction Group. So, immediately prior to the change to extinction, 

Trial-and-Error Group subjects had low topographical variability that could be 

considered stable on this dimension. Yet, unlike subjects in the Joyce and Chase (1990) 

study, these "stable" subjects behaved quite variably in extinction. Perhaps the 

difference in the contingency changes is responsible for the dissimilar results. Joyce and 

Chase's subjects experienced a change from one reinforcement schedule to another 

whereas subjects in the present study experienced a change from reinforcement to 

extinction. An alternative possibility is that variability in response rate and variability in 

response topography are not identical in their sensitivity to contingency changes. 

A second feature of the explicit instruction that may have led to low rate and 

topographical variability during extinction is the compliance-inducing effect of an 

instruction given by an authority figure. Hayes, Brownstein, Zettle, Rosenfarb, & Korn 

(1986) pointed out that instructions provided by an experimenter to respond in a certain 

manner may evoke a rigid form of rule-following behavior because of a history of such 

instructions being associated with powerful social contingencies. Such a history would 

promote rule-following regardless of other contingencies. They called such behavior 

"pliance," and suggested that it may account for instances of the insensitivity of 
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instructed subjects to changes in programmed contingencies often observed in 

laboratory studies (see Hayes, 1989). Subjects in the Explicit Instruction Group were 

told that they could earn money by responding on the keys that matched the color of the 

on-screen stimulus. During extinction, the on-screen stimulus was the one associated 

with P4 and that was the dominant response of these subjects. Therefore, the resurgence 

observed might have been due to subjects continuing to follow the rule described by the 

instruction given during acquisition as a form of pliance. If this were the case, subjects 

would have been reluctant to emit responses other than P4 because of the history of 

positive or negative reinforcement contingencies for simply complying with an 

instruction. 

Future research could try to separate the effects of pliance contingencies 

associated with instructions from the variability-restricting effects of an explicit 

instruction. A procedure that retained variability-restricting effects without using 

instructions from the experimenter (and the embedded pliance contingencies) could 

isolate the role of variability during acquisition on subsequent performance in 

extinction. One possible method of accomplishing this would be to use a shaping 

procedure without instructions to teach the correct responses in each acquisition 

condition. Errorless learning procedures that somehow mask keys that are not part of 

the reinforceable patterns could insure that subjects emit only reinforceable responses 

from the beginning of the acquisition phase. If successful, subjects would produce very 

little variability in acquisition, yet no instructions would contaminate the procedure 

with pliance contingencies. This group's performance during extinction then could be 

compared to the performances of the groups shown in this study to determine the effect 
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of a more pure form of variability restriction in acquisition on the amount and nature of 

variability during extinction. 
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Trial-and-Error Group Instructions 

During this study, you will be alone in this room. Your task is to try to earn 

money by pressing sequences of keys on the keyboard. Start each sequence by pressing 

the spacebar and end each sequence by pressing the enter key. 

When you press a sequence of keys that earns money, a number will flash on the 

screen indicating the amount of money you earned for that sequence. For example, if 

$0.05 flash on the screen, it means that you earned a nickel. Each time you see the $0.05 

flash, you've earned another nickel. 

Use only the index (pointer) finger of your dominant hand throughout the 

experiment. Continue to use the same hand and finger for the entire experiment. 

Remember to start each new sequence by pressing the spacebar and to end each 

sequence by pressing the enter key. Try to see how much money you can get. Good 

Luck! 

Steps to follow to earn money 

Step 1: Press Spacebar 

Step 2: Figure out what sequence of keys to press 

Step 3: Press the enter key to complete the sequence and earn money 
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Explicit Instruction Group Instructions 

During this study, you will be alone in this room. Your task is to try to earn 

money by pressing sequences of keys on the keyboard. Start each sequence by pressing 

the spacebar and end each sequence by pressing the enter key. If a colored square in 

the middle of the screen matches one of the colors on the keyboard, press the matching 

colored keys in the order of left to right. For example, if the square is green, press 

spacebar, Q E T U, enter. 

When you press a sequence of keys that earns money, a number will flash on the 

screen indicating the amount of money you earned for that sequence. For example, if 

$0.05 flash on the screen, it means that you earned a nickel. Each time you see the $0.05 

flash, you've earned another nickel. 

Use only the index (pointer) finger of your dominant hand throughout the 

experiment. Continue to use the same hand and finger for the entire experiment. 

Remember to start each new sequence by pressing the spacebar and to end each 

sequence by pressing the enter key. Try to see how much money you can get. Good 

Luck! 

Steps to follow to earn money 

Step 1: Press Spacebar 

Step 2: Press the colored keys that match the screen from left to right 

Step 3: Press the enter key to complete the sequence and earn money 
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Figure 1. Response rates during Acquisition Phases P1-P4 and Extinction for S13 and 

S14 from the Trial-and-Error Group. Arrows indicate the first point the subject emitted 

more than 50% correct responses. 
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Figure 2. Response rates during Acquisition Phases P1-P4 and Extinction for S15 and 

S16 from the Trial-and-Error Group. Arrows indicate the first point the subject emitted 

more than 50% correct responses. 
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Figure 3. Response rates during Acquisition Phases P1-P4 and Extinction for SI7 and 

S18 from the Trial-and-Error Group. Arrows indicate the first point the subject emitted 

more than 50% correct responses. 
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Figure 4 . Response rates during Acquisition Phases P1-P4 and Extinction for S22 and 

S23 from the Explicit Instruction Group. Arrows indicate the first point the subject 

emitted more than 50% correct responses. 
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Figure 5 . Response rates during Acquisition Phases P1-P4 and Extinction for S24 and 

S25 from the Explicit Instruction Group. Arrows indicate the first point the subject 

emitted more than 50% correct responses. 
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Figure 6. Response rates during Acquisition Phases P1-P4 and Extinction for S26 and 

S27 from the Explicit Instruction Group. Arrows indicate the first point the subject 

emitted more than 50% correct responses. 
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Figure 7. Number of unreinforced responses during Acquisition Phases P1-P4 and 

Extinction for S13-S18 from the Trial-and-Error Group. 
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Figure 8. Number of unreinforced responses during Acquisition Phases P1-P4 and 

Extinction for S22-S27 from the Explicit Instruction Group. 
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Figure 9. Responses by category in real time across Extinction for S13, S14 and S15 from 

the Trial-and-Error Group. Each data point represents one response. Categories 

include Pure Patterns 1-4, Blends of Reinforced keystrokes (BR), Blends of Reinforced 

and Unreinforced keystrokes (BRU), and responses comprised of Unreinforced 

keystrokes (U). 
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Figure 10. Responses by category in real time across Extinction for S16, SI7 and S18 

from the Trial-and-Error Group. Each data point represents one response. Categories 

include Pure Patterns 1-4, Blends of Reinforced keystrokes (BR), Blends of Reinforced 

and Unreinforced keystrokes (BRU), and responses comprised of Unreinforced 

keystrokes (U). 
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Figure 11. Responses by category in real time across Extinction for S22, S23 and S24 

from the Explicit Instruction Group. Each data point represents one response. 

Categories include Pure Patterns 1-4, Blends of Reinforced keystrokes (BR), Blends of 

Reinforced and Unreinforced keystrokes (BRU), and responses comprised of 

Unreinforced keystrokes (U). 
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Figure 12. Responses by category in real time across Extinction for S25, S26 and S27 

from the Explicit Instruction Group. Each data point represents one response. 

Categories include Pure Patterns 1-4, Blends of Reinforced keystrokes (BR), Blends of 

Reinforced and Unreinforced keystrokes (BRU), and responses comprised of 

Unreinforced keystrokes (U). 
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Figure 13. Pattern element contribution to categories for each subject in the Trial-and-

Error Group. Each bar shows the percentage of responses in Extinction that were 

composed of elements from the pattern or row indicated on the x-axis. Row numbers 

were only used for the analysis of responses in the U category. Responses with no clear 

origin were counted in the Other category. 
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Figure 14. Pattern element contribution to categories for each subject in the Explicit 

Instruction Group. Each bar shows the percentage of responses in Extinction that were 

composed of elements from the pattern or row indicated on the x-axis. Row numbers 

were only used for the analysis of responses in the U category. Responses with no clear 

origin were counted in the Other category. 
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T&E 
S13 

ACQUISITION 
Phase 1 

EXTINCTION 

PI P2 P3 P4 PI P2 P3 P4 
pure 100 2 2 1 1 1 1 7 

backpat 2 7 
mixpat 5 54 
mostpat 11 1 50 
sgl. rpt. 
half/half 0.5 0.5 1 1 
vertical 9 10 5 4 
most row 5 2 1 2 

other/word 10 other 
11 word 

XXXX XXXX XXXX XXXX XXXX XXXX 

ACQUISITION: 175 responses EXTINCT] 
VARIABILITY: 17/33 = 52% VARIABH 

[ON: 132 responses 
JTY: 11/33 = 33% 

T&E 
S14 

ACQUISITION 
Phase 1 

EXTINCTION 

PI P2 P3 P4 PI P2 P3 P4 
pure 100 7 4 3 57 

backpat 2 1 4 2 2 25 
mixpat 12 
mostpat 9 5 16 9 96 
sgl. rpt. 1 9 13 21 123 
half/half 14 12.5 12.5 15 
vertical 20 6 10 17 
most row 1 6 3 2 18 

other/word 1 other XXXX XXXX XXXX XXXX XXXX XXXX 56 other 
52 word 

ACQUISITION: 115 responses 
VARIABILITY: 7/33 = 21% 

EXTINCTION: 653 responses 
VARIABILITY: 30/33 = 91% 

T&E 
S15 

ACQUISITION 
Phase 1 

EXTINCTION 

PI P2 P3 P4 PI P2 P3 P4 
pure 100 3 3 4 6 

backpat 2 3 2 2 
mixpat 
mostpat 1 3 43 
sgl. rpt. 13 
half/half 0.5 0.5 0.5 0.5 1 1 
vertical 9 12 
most row 2 3 4 10 

other/word XXXX XXXX XXXX XXXX XXXX XXXX 3 other 
3 word 

VARIABILITY: 4/33 = 12% 
EXTINCTION: 133 responses 
VARIABILITY: 22/33 = 67% 
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Figure 15. Individual variability charts for S13, S14 and S15 from the Trial-and-Error 

Group. Each response emitted during PI Acquisition and Extinction was categorized 

and recorded in one of the 33 response type bins. Variability percentages are based on 

the proportion of bins occupied by at least one response. 
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T&E 
S16 

ACQUISITION 
Phase 1 

EXTINCTION 

PI P2 P3 P4 PI P2 P3 P4 
pure 100 1 8 4 5 232 

backpat 9 
mixpat 8 
mostpat 1 21 
sgl. rpt. 1 8 
half/half 1 0.5 1.5 
vertical 9 6 
mostrow 9 1 17 

other/word XXXX XXXX XXXX XXXX XXXX XXXX 3 other 
15 word 

ACQUISITION: 101 responses EXTINCTION: 360 responses 
VARIABILITY: 2/33 = 6% VARIABILITY: 19/33 = 58% 

T&E 
S17 

ACQUISITION 
Phase 1 

EXTINCTION 

PI P2 P3 P4 PI P2 P3 P4 
pure 100 1 1 3 3 4 22 

backpat 9 1 2 2 3 28 
mixpat 7 81 
mostpat 28 7 8 3 1 1 3 145 
sgl. rpt 20 
half/half 4.5 3.5 2 3 2 1.5 2.5 4 
vertical 34 17 22 20 18 2 30 
mostrow 1 9 

other/word 60 other XXXX XXXX XXXX XXXX XXXX XXXX 6 other 
ACQUISITION: 333 responses 
VARIABILITY: 20/33 = 61% 

EXTINCTION: 393 responses 
VARIABILITY: 23/33 = 70% 

T&E 
S18 

ACQUISITION 
Phase 1 

EXTINCTION 

PI P2 P3 P4 PI P2 P3 P4 
pure 100 12 12 12 3 3 4 33 

backpat 2 1 2 2 3 2 26 
mixpat 2 2 28 
mostpat 9 8 7 12 6 8 6 104 
sgl. rpt. 17 
half/half 0.5 0.5 1 1.5 5.5 5 
vertical 3 52 45 60 
mostrow 2 4 8 3 3 7 44 

other/word 12 other XXXX XXXX XXXX XXXX XXXX XXXX 23 other 
2 word 

ACQUISITION: 263 responses 
VARIABILITY: 21/33 = 64% 

EXTINCTION: 445 responses 
VARIABILITY: 25/33 = 76% 
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Figure 16. Individual variability charts for S16, S17 and S18 from the Trial-and-Error 

Group. Each response emitted during PI Acquisition and Extinction was categorized 

and recorded in one of the 33 response type bins. Variability percentages are based on 

the proportion of bins occupied by at least one response. 
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EXP. INST ACQUISITION EXTINCTION 
S22 Phase 1 

PI P2 P3 P4 PI P2 P3 P4 
pure 100 695 

backpat 
mixpat 
mostpat 23 
sgl. rpt. 
half/half 
vertical 
mostrow 

other/word xxxx xxxx XXXX XXXX XXXX XXXX 
ACQUISITION: 100 responses 
VARIABILITY: 1/33 = 3% 

EXTINCTION: 718 responses 
VARIABILITY: 2/33=6% 

EXP. INST 
S23 

ACQUISITION 
Phase 1 

EXTINCTION 

PI P2 P3 P4 PI P2 P3 P4 
pure 100 2 343 

backpat 
mixpat 
mostpat 2 4 
sgl. rpt. 
half/half 
vertical 
mostrow 1 

other/word XXXX XXXX XXXX XXXX XXXX XXXX 
ACQUISITION: 102 responses 
VARIABILITY: 2/33 = 6% 

EXTINCTION: 350 responses 
VARIABILITY: 4/33 = 12% 

EXP. INST 
S24 

ACQUISITION 
Phase 1 

EXTINCTION 

PI P2 P3 P4 PI P2 P3 P4 
pure 100 1 1 1 745 

backpat 
mixpat 
mostpat 3 74 
sgl. rpt. 
half/half 
vertical 
mostrow 

other/word XXXX XXXX XXXX XXXX XXXX XXXX 
ACQUISITION. 103 responses 
VARIABILITY: 2/33=6% 

EXTINCTION: 822 responses 
VARIABILITY: 5/33 = 15% 
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Figure 17. Individual variability charts for S22, S23 and S24 from the Explicit 

Instruction Group. Each response emitted during PI Acquisition and Extinction was 

categorized and recorded in one of the 33 response type bins. Variability percentages 

are based on the proportion of bins occupied by at least one response. 
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EXP. INST 
S25 

ACQUISITION 
Phase 1 

EXTINCTION 

PI P2 P3 P4 PI P2 P3 P4 
pure 100 560 

backpat 
mixpat 

mostpat 3 
sgl. rpt. 
half/half 
vertical 
mostrow 

other/word xxxx xxxx XXXX XXXX XXXX XXXX 
ACQUISITION: 100 responses 
VARIABILITY: 1/33 = 3% 

EXTINCTION: 563 responses 
VARIABILITY: 2/33 = 6% 

EXP. INST ACQUISITION EXTINCTION 
S26 Phase 1 

PI P2 P3 P4 PI P2 P3 P4 
pure 100 533 

backpat 
mixpat 
mostpat 11 
sgl. rpt. 
half/half 
vertical 
mostrow 

other/word XXXX XXXX XXXX XXXX XXXX XXXX 

VARIABILITY: 1/33 = 3% 
EXTINCTION: 544 responses 
VARIABILITY: 2/33=6% 

EXP. INST 
S27 

ACQUISITION 
Phase 1 

EXTINCTION 

PI P2 P3 P4 PI P2 P3 P4 
pure 100 2 1 1 478 

backpat 2 1 1 2 
mixpat 1 6 
mostpat 1 43 
sgl. rpt. 5 
half/half 
vertical 6 
mostrow 1 3 

other/word XXXX XXXX XXXX XXXX XXXX XXXX 

VARIABILITY: 2/33 = 6% 
EXTINCTION: 553 responses 
VARIABILITY: 15/33 =45% 
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Figure 18. Individual variability charts for S25, S26 and S27 from the Explicit 

Instruction Group. Each response emitted during PI Acquisition and Extinction was 

categorized and recorded in one of the 33 response type bins. Variability percentages 

are based on the proportion of bins occupied by at least one response. 
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Trial & Error 
Group 

PI P2 P3 P4 

pure 513 0.8% SI6 2.2% 
514 1.1% SI7 0.8% 
515 2.3% S18 0.7% 

513 0.8% S16 1.1% 
514 0.6% S17 0.8% 
515 2.3% S18 0.7% 

513 0.8% S161.4% 
514 0.5% S171.0% 
515 3.0% S18 0.9% 

513 5.3% S16 64.4% 
514 8.7% S17 5.6% 
515 4.5% S18 7.4% 

backpat 
514 0.6% S17 0.5% 
515 1.5% S18 0.4% 

514 0.3% SI7 0.5% 
515 2.3% SI8 0.7% 

S14 0.3% S17 0.8% 
SI 5 1.5% SI 8 0.4% 

513 5.3% S16 2.5% 
514 3.8% S17 7.1% 
515 1.5% SI8 5.8% 

mixpat 513 40.9% S16 2.2% 
514 1.8% S17 20.6% 

SI8 6.3% 

mostpat 
514 0.8% S17 0.3% 
515 2.3% S18 1.3% 

S14 2.5% S17 0.3% 
SI 8 1.8% 

S16 0.3% 
S14 1.4% S17 0.8% 

SI 81.3% 

513 37.9% S16 5.8% 
514 14.7% S17 36.9% 
515 32.3% SI8 23.4% 

single 
repeat S14 1.4% S14 2.0% 

S16 0.3% 
S14 3.2% 

S16 2.2% 
S1418.8% S17 5.1% 
S15 9.8% S18 3.8% 

hal^half 513 0.8% S16 0.3% 
514 2.1% S17 0.5% 
515 0.4% SI8 0.2% 

514 2.0% SI7 0.4% 
515 0.4% S18 0.3% 

S16 0.1 % 
514 2.0% S17 0.6% 
515 0.8% S181.2% 

513 0.8% S16 0.4% 
514 2.3% S17 1.0% 
515 0.8% S18 1.1% 

vertical 513 3.8% S16 2.5% 
514 3.1% S17 4.6% 
515 6.8% S1810.1% 

SI4 0.9% S14 1.5% S17 0.5% 
513 3.0% S16 1.7% 
514 2.6% S17 7.6% 
515 9.0% S18 13.5% 

most row 
514 0.9% 
515 1.5% S18 0.7% 

S16 2.5% 
514 0.5% 
515 2.3% S18 0.7% 

S16 0.3% 
514 0.3% 
515 3.0% S181.6% 

S16 4.7% 
514 2.8% S17 2.3% 
515 7.5% S18 9.9% 

other/word S16 5.0% 
S14 16.5% S17 1.5% 
SI 5 4.5% SI 8 5.6% 

xxxxxxxxxxx XXXXXXXXXXX XXXXXXXXXXX 

EXTINCTION 

VARIABILITY 130/198 = 65.7% 
Total number of responses = 2116 
Amount of Pure P4 357/2116 = 16.9% 
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Figure 19. Group variability chart for the Trial-and-Error Group subjects. This chart 

consists of 33 bins (identical to the 33 bins in the individual variability charts). The 

percentage of each subjects' responses, instead of the number of responses, was 

calculated and recorded in the response type bins. Group data such as amount of 

variability, total number of responses, and total amount of pure P4 (resurgent) 

responding are shown below the chart. 
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Explicit Inst 
Group 

PI P2 P3 P4 

pure 

S24 0.1% S27 0.4% S24 0.1% S27 0.2% 
523 0.6% 
524 0.1% S27 0.2% 

522 96.8% S25 99.5% 
523 98.0% S26 98.0% 
524 90.6% S27 86.4% 

backpat 

S27 0.4% S27 0.2% S27 0.2% S27 0.4% 
mixpat 

S27 0.2% S27 1.1% 
mostpat 522 3.2% S25 0.5% 

523 1.1% S26 2.0% 
524 9.0% S27 7.4% 

single repeat 

S27 0.9% 
haitfhaif 

vertical 

S27 1.1% 
most row 

S27 0.2% 
S23 0.3% 

S27 0.5% 
other/word xxxxxxxxxxx XXXXXXXXXXX XXXXXXXXXXX 

EXTINCTION 

VARIABILITY 30/198 = 15.2% 
Total number of responses = 3550 
Amount of Pure P4 3354/3550 = 94.5% 
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Figure 20. Group variability chart for the Explicit Instruction Group subjects. This 

chart consists of 33 bins (identical to the 33 bins in the individual variability charts). 

The percentage of each subjects' responses, instead of the number of responses, was 

calculated and recorded in the response type bins. Group data such as amount of 

variability, total number of responses, and total amount of pure P4 (resurgent) 

responding are shown below the chart. 
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Subject Phase 
1st 

reinforced 
response 

(occurrence) 

Number of 
unreinforced 

responses 

1st 
unreinforced 

response 
(occurrence) 

1st 
unreinforced 

response 
(type) 

Other 
types of 

unreinforced 
responses 

S13 1 65 75 1 vertical 1 mostrow, P2, P3 
other, hf/hf 

mostpat, word 
backpat, mixpat 

2 1 8 2 mostpat 2 backpat 
3 1 9 6 mostpat 3 hf/hf 
4 1 10 16 mostpat 4 — 

S14 1 9 15 1 mostpat 1 backpat, other 
single repeat 
mostrow, P2 

2 1 8 20 mostpat 2 
3 1 6 17 mostpat 3 — 

4 1 13 2 mostpat 4 
S15 1 3 2 1 h f 1 / h f 4 mostpat 

(1 keystroke) 
2 1 0 — — 

3 1 1 56 mostpat 3 — 

4 1 0 ~ — — 

S16 1 1 1 95 P2 — 

2 1 2 15 P3 mostpat 
3 1 2 24 mostpat 3 
4 1 1 58 mostpat 4 — 

S17 1 211 233 1 mostpat 1 vertical, other 
mostrow, hf/hf 
backpat, mixpat 

2 1 7 10 backpat 2 mostpat 
3 1 14 2 backpat 3 mixpat, mostpat 
4 1 12 3 mostpat 4 backpat 

S18 1 5 163 1 mostpat 1 vertical, other 
mostrow, P3, P2 

P4, hf/hf 
mixpat, backpat 

2 2 64 1 PI 
...JL— r 

mostpat, P4 
backpat, vertical 

mostrow 
mixpat, hf/hf 

3 1 2 34 mostpat 3 
4 1 6 3 mostpat 4 — 
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Figure 21. Analysis of behavior during the Acquisition Condition for the Trail-and-

Error Group subjects. 
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1st Number of 1st 1st Other 
Subject Phase reinforced unreinforced unreinforced unreinforced types of 

response responses response response unreinforced 
(occurrence) (occurrence) (type) responses 

S22 1 1 0 — — — 

2 1 2 7 mostpat 2 — 

3 1 2 45 mostpat 3 — 

4 1 2 21 mostpat 4 — 

S23 1 1 2 58 mostpat 1 — 

2 1 2 41 mostpat 2 — 

3 1 1 39 mostpat 3 — 

4 1 2 18 mostpat 4 — 

S24 1 1 3 44 mostpat 1 — 

2 1 4 28 mostpat 2 — 

3 4 1 mostpat 3 — 

4 1 5 31 mostpat 4 — 

S25 1 1 0 - - — — 

2 1 0 — — — 

3 1 1 2 mostpat 3 — 

4 1 0 — — — 

S26 1 1 0 — — — 

2 1 0 - - ~ — 

3 1 0 — — — 

4 1 0 — — — 

S27 1 1 1 73 mostpat 1 — 

2 1 1 62 mostpat 2 — 

3 1 0 — — — 

4 1 1 75 mostpat 4 
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Figure 22. Analysis of behavior during the Acquisition Condition for the Explicit 

Instruction Group subjects. 
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Figure 23. Percent of response type variability across P1-P4 Acquisition and Extinction 

for both the Trial-and-Error Group and the Explicit Instruciton Group. Percentages 

were derived from variability charts. 
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