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Burkett, Leslie S., The Role of Fluency in the Emergence of the Derived 

Relations of Stimulus Equivalence. Master of Science (Behavior Analysis), December, 

1995, 78 pp., 6 tables, 10 illustrations, references, 24 titles. 

Fluent component performances may be more readily available for 

recombination into more complex repertoires. This experiment considered the stimulus 

equivalence preparation as a laboratory analog for the co-adduction said to occur in 

generative instruction. Seven adults received minimum training on 18 conditional 

discriminations, components of 9 potential stimulus equivalence classes. Training was 

interrupted periodically with tests to determine whether fluency of original relations 

predicted emergence of derived relations. Fluency predicted emergence in 2 of 17 

instances of emergent derived relations for 4 subjects. One subject demonstrated 

fluency without derived relations. Training accuracies as low as 58% preceded 

emergence for 3 subjects. Fluency appears to be neither necessary nor sufficient for 

derived relations. Fluency's role may be in retention and complex application tasks 

rather than acquisition of behavioral relations. 
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INTRODUCTION 

Behavior analysts in the field of education have proposed "generative 

instruction" to account for complex untaught behavior. Generative instruction is said to 

occur when component or "tool" skills, firmly established and practiced until they are 

at high frequencies, are then available to be recombined into more complex repertoires 

(Alessi, 1987; Johnson & Layng, 1992). Generative instruction has the effect of 

generating new behavioral relations without explicit reinforcement. The recombination 

of basic elements that results in higher-level complex skills has been called 

"contingency co-adduction" (Layng & Andronis, 1984), because new educational 

contingencies select responses adduced from former related and unrelated 

performances—rather than explicitly trained, sequenced, or chained performances. Tests 

may adduce new, untaught performances. Skinner (1953, p. 65) has referred to the 

phenomenon as "the reassortment of responses in a complex situation." Layng (1992) 

compared this process of contingency co-adduction in education to the similar process 

of exaptation in biological evolution whereby "intricate devices . . . are jury-rigged 

from a limited set of available components" (Gould, 1980, p. 20). 

Characteristics (or components) occurring at high frequencies are more readily 

available for recombination. For biological organisms, a high frequency of a viable 

characteristic in the gene pool increases the probability of its replication in succeeding 

generations. At the behavioral level of analysis, a high response frequency, or high 



rate, indicates the strength of an operant (Skinner, 1953). How frequently—and how 

fast—a particular response is emitted by a student is both a measure of academic skill 

and a measure of the probability of that response (Vargas, 1977, p. 62). Precision 

teachers and other behavior analysts interested in generative instruction use the term 

fluency to describe this high response rate. Fluency is accuracy plus rate: fluent 

performances are not only accurate but also fast, performed easily, even automatic 

(Bloom, 1986; Haughton, 1972). Knowing how to do a component skill is not enough 

for mastering more advanced or complex skills. Fluency makes the skill more readily 

available to the selecting environment, to be linked or recombined with other skills, 

resulting in complex, untaught behavior (Binder, 1993; Johnson & Layng, 1994). 

Fluency of component performances is considered to be an important foundation for 

generative learning. 

Precision teachers have reported effective use of generative instruction in 

applied settings, but there have been few published studies in the experimental 

literature to document the role of fluency in learning. Binder (1995) provided an 

annotated bibliography of fluency and precision teaching publications in education and 

performance management newsletters and journals, noting the paucity of traditional 

research. A laboratory analog of the process of contingency co-adduction said to occur 

in generative instruction would allow researchers to analyze the behavioral process and 

examine the role of fluency. 

One analog of contingency co-adduction may be the phenomenon of stimulus 

equivalence, which behavior analysts are investigating in both applied and 



experimental settings. In stimulus equivalence, as in contingency co-adduction, a 

recombination of basic components appears to occur: "the component stimuli of the 

discriminations often become related to each other in new ways that had not been 

explicitly taught" (Devany, Hayes, & Nelson, 1986, p. 244). In the stimulus 

equivalence preparation, conditional discriminations selected by reinforcement in a 

match-to-sample procedure lead to emergent behavior during testing—the "derived" 

relations said to denote stimulus equivalence (Sidman, 1994; Sidman & Tailby, 1982). 

The standard test for the derived relations of equivalence involves probing for the four 

untaught conditional discriminations that demonstrate the properties of symmetry, 

transitivity, and symmetrical-transitivity (see Table 1). The test for symmetry is a 

probe for sample-comparison reversibility: the trained relation "if A, then B," results in 

the derived relation "if B, then A"; and the trained relation "if B, then C" results in "if 

C, then B." Transitivity is demonstrated if two trained relations, "if A, then B" and "if 

B, then C," result in the derived relation "if A, then C"-i.e., the subject matches the 

sample from the first relation to the comparison of the second. The fourth derived 

relation, symmetrical-transitivity, is evident if the subject matches the comparison from 

the first relation to the sample from the second: "if C, then A." Evidence of these four 

derived relations indicates that an equivalence class-a class of three interchangeable 

stimuli—has been generated by the original relations training. The dashed lines in 

Figure 1 show the derived relations that may result from training any two related 

conditional discriminations. For example, training Al-Bl and Bl-Cl (solid lines) 

results in the relations Bl-Al, Cl-Bl, Al-Cl, and Cl-Al (dashed lines). 



These derived relations may be an example of the kind of composite skills that 

appear to emerge in contingency co-adduction. In both cases, a recombination of 

component performances is said to result in a more complex composite entity-new 

conditional discrimination relations in the stimulus equivalence procedure or a new 

skill in the generative instruction procedure. Proponents of generative instruction 

suggest that new educational contingencies adduce behavioral variations, which are 

actually recombinations of previously existing component skills. Those recombinations 

may then be selected, or not, in the instructional environment Retention of the 

component skills is more likely when those performances occur at a high frequency in 

the behavioral repertoire—i.e., they are fluent. A similar conception of stimulus 

equivalence suggests that "correct" choices during the conditional discrimination 

training are selected by the reinforcement contingencies and are more likely to be 

retained in the behavioral repertoire. The stimulus equivalence probe serves as a "new 

educational contingency" that may adduce behavioral variations (new conditional 

discriminations, the derived relations). As in the case of generative instruction, these 

new variations may actually be recombinations of previously existing component 

performances. The phenomenon, which some have called "recombinative 

generalization" (Goldstein, 1983) may be similar to the one Skinner described when he 

wrote: "Partially conditioned autoclitic 'frames' combine with responses appropriate to 

a specific situation.... The partial frame the bov's is available for 

recombination with other responses." (1957, p. 336) 



If the component elements of environment-response relations are more likely to 

be available for recombination and selection when they exist in the repertoire at high 

frequencies, then fluency of the trained conditional discriminations (the component 

performances) may play an important role in die emergence of stimulus equivalence 

derived relations (the composite, complex behavior). The stimulus equivalence 

preparation, then, may provide a way to examine, in the experimental laboratory, the 

effects of fluent component performances on untaught acquisition of complex 

behaviors. 

Fluency as advocated by precision teachers and described as a critical 

component of the "Morningside Model of Generative Instruction" (Johnson & Layng, 

1994) is defined as accuracy plus rate. Rate is a combined measure of several of the 

fundamental dimensions of the operant (Gilbert, 1958). Taking "snapshots" of 

performance with respect to a large set of different discriminated operants in 1-min 

timings intended to simulate the free-operant situation (Binder, 1995), precision 

teachers capture accuracy plus multiple dimensions of rate and transform the results on 

semilog graph paper to show changes in rate over time. The research reported in this 

paper, however, focuses on latency, one of several dimensions of rate, as the most 

appropriate measure of the rate of conditional discrimination responding in the 

stimulus equivalence experimental laboratory. Fluency, for purposes of this research, is 

defined as accuracy and rate, using latency as the measure of rate. 

To examine the effects of fluency on learning in the context of the stimulus 

equivalence experiment, this research began by training a set of conditional 



discriminations, as components of potential stimulus equivalence classes. The training 

was interrupted periodically with tests (probes) for emergent derived relations that 

indicate stimulus equivalence classes. If fluency of component elements is a 

prerequisite characteristic of learning that results in untaught derived relations—if 

fluency plays a role in adduction-the tests could indicate that role by demonstrating 

accurate derived relations only or primarily for the equivalence classes whose 

component conditional discriminations were accurate and occurring at short latencies. 

This research question is based on an "explicitly evolutionary behavior-analytic 

framework" in which behavioral selection results in a "natural population of responses 

distributed over space/time and existing as an evolutionary unit" (Glenn & Field, 1994, 

p. 3). A natural population (species or operant) is composed of members, or instances, 

that have a common origin in historical selection contingencies (natural selection or 

reinforcement) (Glenn, Ellis, & Greenspoon, 1992, p. 1333). The data generated by 

this research are organized in accordance with this conception. The standard stimulus 

equivalence preparation is used "to examine each conditional stimulus control operant 

as a natural population," measuring fluency, as a population characteristic, at the end 

of the conditional discrimination training to see if fluency predicts the emergence of 

derived relations (Glenn & Field, 1994, p. 256; see also Glenn & Madden, in press). 

Consistent with an evolutionary approach, the data are grouped according to the 

presumed natural populations rather than by type of relation (i.e., all AB original 

relations grouped together, all BC symmetry relations grouped, and so on). 



Building on the view suggested by Glenn and Field, this research focuses on a 

pair of trained conditional discriminations having a common element (e.g., Al-Bl and 

Bl-Cl)—the original relations—as a natural population which results, at some later 

point in time, in the emergence of an expanded population that includes the derived 

relations (Bl-Al, Cl-Bl, Al-Cl, and Cl-Al). Traditionally, these derived relations 

have been regarded as evidence for the "existence" of a "stimulus equivalence class." 

Because of their interest in equivalence, per se, researchers usually have grouped the 

data from all trials for a given type of relation (symmetry, for example), or for all 

derived relations of all stimulus equivalence classes combined, using percent correct or 

number correct, to decide whether a subject's performance demonstrates stimulus 

equivalence (Bentall, Dickens, & Fox, 1993; Fields, Adams, Verhave, & Newman, 

1990; Sidman, 1994; Wulfert & Hayes, 1988). Some researchers have provided test 

data, often in a matrix format, on subjects' comparison stimulus choices for each 

potential stimulus equivalence class (Sidman, 1994), but no one seems to have 

considered these results as evidence of individually evolving instances of stimulus 

equivalence, as the current research does. 

Several stimulus equivalence studies have reported latency data along with 

accuracy data (see Fields, Adams, & Verhave, 1993, for an overview). Wulfert and 

Hayes (1988) looked at reaction times for symmetrical equivalence relations compared 

to trained conditional relations and found these to be similar and shorter than reaction 

times for transitive and symmetrically transitive relations, noting that the difference 

disappears with practice. Bentall, Dickins, and Fox (1993) found the same to be true 
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during class formation: there were more errors and longer latencies for transitive and 

symmetrically transitive relations than for symmetrical and original relations, with the 

differences disappearing after practice. Steele and Hayes (1991) found that mean 

response time increased as probes increased in complexity, where complexity was 

defined as both nodal distance and type of contextual relation ("same" or "opposite"). 

Despite the similar measure of latency, the research described in this paper 

differs, both conceptually and procedurally, from the studies described in the literature. 

The focus of the studies described in the literature was on latencies of derived 

relations, not the latencies of original relations. The studies reported in the literature 

averaged the data across subjects as well as across equivalence classes, in order to 

compare differences among the types of relations and to consider response time as a 

function of nodal distance. Although such averaging is useful in answering some 

questions, it obscures any differences that may exist at the level of individual stimulus 

classes. An overall 55% accuracy for AB original relations training, for example, may 

be interpreted as chance level responding, whereas a closer look might reveal 33% 

accuracy for the Al-Bl and A2-B2 conditional relations but 100% accuracy for the 

A3-B3 conditional relations. Similarly, 77% accuracy on equivalence probes provides 

no information about whether the incorrect responses are evenly distributed across 

equivalence classes or relations. A notable procedural difference in this study was the 

presentation of only derived relations trials in the probe instead of combining trials of 

both original relations and derived relations in the probes, as is typical of most 

stimulus equivalence research. 



In summary, then, this research was designed to look at the role of fluency in 

learning using the standard stimulus equivalence preparation. If fluency plays a role in 

the emergence of the derived relations of stimulus equivalence, the stimulus 

equivalence preparation might provide a useful experimental analog of the process of 

contingency adduction said to occur in generative learning. Considering the accuracy 

and latency of original relations as independent variables and the emergence of derived 

relations as the dependent variable, this research was designed to answer the question: 

Does fluency (accuracy plus rate) of trained original relations predict the emergence of 

the derived relations of stimulus equivalence? 

METHOD 

Subjects 

Eight adults (6 females and 2 males, ages 18 to 35) participated in this study. 

They were recruited by posted notice and word of mouth from the University of North 

Texas student population and from the general nonstudent population. At the beginning 

of the experiment, general procedures were explained to the subjects, and each read 

and signed a statement of informed consent. One subject did not meet the Phase 1 

training criterion and therefore did not complete the experiment. Five subjects were 

paid $2.00 per hr for their participation and $0.01 for each point earned. Two subjects 

received course credit for their participation and were paid $0.01 for each point 

earned. After completion of the experiment, all participants were debriefed. 
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Apparatus 

The experiment was conducted at two locations, in an experimental laboratory 

room at the Center for Behavior Analysis for the student subjects and, for the 

nonstudent subjects, in a small private office at a career counseling center in Garland, 

Texas. Stimuli were presented and responses recorded using a 386 DX40 personal 

computer with an SVGA monitor and an enhanced keyboard. The training and testing 

was delivered on the computer by custom-designed software which presented 

randomized trials, recorded selections and response latencies, and delivered points for 

choices designated by the experimenter as correct. 

The stimuli used in the research, 27 abstract geometric figures, are shown in 

Figure 2. The stimuli were intended to be novel, with no pre-experimental significance 

for subjects. Each figure was presented on the computer screen in a 120 x 120 pixel 

frame. The stimuli were arbitrarily divided into four groups, called "clusters." Within 

each cluster, the stimuli were arbitrarily divided into three classes, identified by the 

numbers 1, 2, and 3. The individual stimuli in each numbered class are designated by 

the letters A, B, and C. Each stimulus is referred to by its cluster, class, and individual 

letter designation: e.g., KA1. The stimuli are alphanumerically designated for 

discussion purposes only; subjects did not see these designations. An experimenter-

designated equivalence class consisted of the three stimuli within a given cluster that 

had the same numerical designation, such as KA1, KB1, and KC1. 

During training and testing, a sample stimulus was presented in a 120 x 120 

pixel frame in the center of the top third of the computer screen, and three comparison 
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stimuli were presented after the subject pressed the "up" arrow key. The comparison 

stimuli were presented in three frames arranged in a "V" shape on the lower two-thirds 

of the screen, as shown in Figure 3, with comparisons semi-randomly assigned to the 

left, lower, or right position to counterbalance for position effects. Subjects selected a 

comparison stimulus by pressing the "left," "down," or "right" arrow key for the 

comparison stimulus appearing on the left, lower, or right area of the screen. During 

training, the stimulus display was replaced with the words "+1 point" after a correct 

comparison was selected, followed by the presentation of the next sample stimulus. A 

blank screen followed incorrect choices. The interval between the comparison keypress 

and die presentation of a new sample stimulus was 1 s whether or not "+1 point" 

occurred. The presentation of stimuli during test trials was the same except no points 

were shown on the screen for any choices. 

General Experimental Plan 

The research was designed to teach several pairs of conditional discriminations 

(the various AB and BC original relations) using the match-to-sample procedure and 

then to test for the untaught conditional discriminations (the four derived relations) 

which indicate stimulus equivalence. Divided into two phases, the study began with a 

phase designed to provide the subject with a pre-experimental history-that is, to 

familiarize the subject with the equipment and match-to-sample procedure and to 

provide a history of stimulus equivalence responding in the experimental setting. This 

Phase 1 training and testing was intended to "establish the frame" (Hayes, Kohlenberg, 
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& Hayes, 1991; Steele & Hayes, 1991) or "learning set" (Catania, 1992; Saunders & 

Spradlin, 1993) for equivalence responding and to provide subjects with a history of 

reinforced responding to prevent extinction early in Phase 2 when the learning task 

became more difficult. Phase 1 was also expected to provide data for screening out 

subjects whose test results showed no evidence of equivalence, because further 

participation would not provide data relevant for this study. 

The training and testing sequences for both phases, summarized in Table 2 and 

described in more detail below, started with three training sessions: training of AB 

conditional discriminations, training of BC conditional discriminations, and, in the 

third session, training of a mixture of AB and BC original relations. This latter type of 

session is hereafter referred to as an OR Mix. The fourth session, called a probe 

session, tested for derived relations indicating stimulus equivalence. Subsequent 

sessions alternated the OR Mix training and probe testing until the 90% accuracy 

criterion was met. Pilot studies indicated that this training and testing would be 

completed within 2 days, one for Phase 1 and one for Phase 2. No subject required 

more than 1 hr for Phase 1 and 2 hr for Phase 2. 

The focus of the data analysis and discussion of results is the Phase 2 data, 

although Phase 1 results are described briefly. Training and testing followed exactly 

the same sequence for Phases 1 and 2, but Phase 2 involved training and testing three 

times as many stimuli. Initial training was minimal before a test was administered, 

increasing the likelihood of differential responding. Testing after minimal training, it 

was hoped, would reveal variable latencies and accuracies among original relations, 
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and emergence of derived relations for some potential stimulus equivalence classes but 

not others. Hie OR Mix and probe were then alternated until the final test criterion 

was met. The repeated training and testing was intended to make apparent the 

characteristics of original relations, over time, along the dimensions of accuracy and 

latency, as derived relations emerged in the probes. 

Training Procedures 

After informed consent was given, instructions to the subjects were minimal. 

At the beginning of the first session, the subject was seated at the computer, with the 

words "press any key to begin" on the monitor screen. The experimenter said those 

words aloud and waited for the subject to press a key. If the subject hesitated, the 

experimenter repeated the instruction and pointed toward the keyboard. When the 

subject pressed a key, the first sample stimulus appeared on the screen. The 

experimenter pointed to the sample stimulus and read from an instruction sheet, 

"When you see a figure here, press the up arrow key." The experimenter pointed to the 

up arrow key and waited for the subject to press the key, repeating the instruction if 

the subject did not respond as instructed. The comparison stimuli appeared on the 

bottom portion of the screen. Pointing toward the comparison stimuli, the experimenter 

read, "When you see three figures appear here, press one of these arrow keys," 

pointing to the left, down, and right arrow keys. When the subject responded as 

instructed, the experimenter read, "Good. Continue to press the up arrow when you see 

the first figure, and one of the other three arrow keys when you see the other figures, 



14 

until you get to the end of this session. When you see the words 'Please exit the lab 

and get attendant,' come and get me so I can record your points and set up the next 

session." The experimenter then said, "If you have any questions, please ask now, 

because, once you begin, I can't answer any questions until the experiment is over. At 

that time I will discuss the experiment if you wish." If the subject had a question, the 

experimenter read the instructions or the relevant portion of the instructions again. 

In the first session of Phase 1, three conditional discriminations were trained 

for a set of stimuli called the H cluster. The 108-trial session consisted of three 

subsessions. In each subsession, each of the three AB sample-comparison 

combinations was presented 12 times in a randomized sequence programmed so that 

no combination appeared on more than three consecutive trials and no comparison 

stimulus appeared in the same location on the screen on more than three consecutive 

trials. Table 3 shows the sample-comparison combinations and experimental sequence 

for each session. The first trial might present the A1 sample stimulus (Figure 4a). 

When the subject pressed the up arrow key, the three comparison stimuli Bl, B2, and 

B3 appeared on the screen (Figure 4b). If the subject pressed the key corresponding to 

the choice designated by the experimenter as correct (in this case, the down arrow, to 

choose Bl), the stimuli disappeared and "-<-1 point" appeared on the screen (Figure 4c). 

If the subject pressed either of the other comparison keys, the stimuli disappeared and 

the screen remained blank during the 1-s intertrial interval before the next trial began 

with the presentation of a new sample stimulus. 
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At the end of each 36-trial subsession, points earned during the subsession 

were displayed in the middle of the screen as a cumulative point total, along with the 

words, "Press any key to continue" (Figure 4d). The next subsession began when the 

subject pressed a key. At the end of the entire session, cumulative points for the three 

subsessions were shown in the middle of the screen with the message "Please exit the 

room and inform the lab attendant" (Figure 4e). The experimenter then prepared the 

computer for the next session, called the subject back into the room, and recorded the 

points and the timed duration of the session on a log sheet located in an open folder 

on the table next to the computer. Recording the duration in this manner was intended 

to let subjects know that rate as well as accuracy was being measured, without 

providing explicit instructions regarding rate, in keeping with the generally minimal 

instructions. 

In a similar manner, the second session of Phase 1, also a 108-trial session 

with three subsessions, trained the BC original relations. The third 108-trial session 

presented a mix of all six previously trained conditional discriminations in each of the 

three 36-trial subsessions. The computer program presented each of the six sample-

comparison combinations (shown for Session 3 in Table 3) six times in a semi-random 

order as described earlier. As in previous sessions, each correct original relation 

performance produced a point, a blank screen followed incorrect responses, and a 1-s 

intertrial interval separated trials. This OR Mix training session was repeated until the 

subject met the criterion to move on to a probe session: 90% accuracy on at least one 

original relation pair (e.g., Al-Bl and Bl-Cl). The conditional discrimination pair was 
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considered to be the minimal prerequisite for the emergence of derived relations, 

because it is the component elements of these two conditional discriminations that may 

be recombined to generate new relations. Bracketed in Session 3, Subsession 3, of 

Table 3, for illustrative purposes, are the three prerequisite original relation pairs. 

Demonstrating 90% accuracy on trials for any one of these three pairs met the 

criterion for initiating a probe session. 

Testing Procedures 

When the 90% accuracy criterion was achieved for one original relation pair, 

the next session consisted of a 216-trial probe for derived equivalence class relations. 

In three 72-trial subsessions, all sample-comparison combinations, testing for the four 

derived relations for each of the three classes, were presented semi-randomly such that 

no combination was repeated more than three times consecutively and no comparison 

appeared in the same location on more than three consecutive trials. Each of the three 

transitive sample-comparison combinations and each of the three symmetrically 

transitive sample-comparison combinations were presented eight times during the 

subsession; each of the BA and CB symmetrical trial types were presented four times. 

Subsessions 2 and 3 were the same as Subsession 1. All the sample-comparison 

combinations for the four derived relations tested in the probe session are shown in 

Table 3. 

Responses in the probe session were followed by the presentation of the next 

sample stimulus after 1 s. At the beginning of each probe session, the experimenter 
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told the subject,"This time you won't receive any feedback on the screen; do your 

best." This instruction was modified halfway through the study, for reasons explained 

in the Results section, to read: "This time, there will be no points on the screen, but 

you'll still be paid at the end of the experiment based on your performance." 

If the subject demonstrated 90% accuracy for all four derived relations (i.e., 

90% accuracy for all conditional discriminations combined), Phase 2 of the experiment 

began. If any derived relation performance was less than 90% accurate, OR Mix 

training (as in Session 3) and probes (as in Session 4) were alternated until the Phase 

1 criterion was met. If no improvement was shown after two or three probes, the 

subject's participation in the experiment ended. This was the case for one subject; 

Phase 1 participation is reported but this subject's data are not included in subsequent 

data analyses. 

Phase 2 

The Phase 2 procedure followed the same testing and training sequence as 

Phase 1 but three times as many stimuli were trained and tested. Each of the three 

subsessions in Phase 2 training and probe sessions used a different set, or cluster, of 

stimuli, labeled the K, N, and S clusters (see Figure 2). The stimuli were presented in 

the KNS order for 3 subjects and NKS for 4 subjects, without counterbalancing within 

or across sessions. The research was designed to produce variable performance on 

derived relations and observe improvement; which stimulus equivalence classes 

emerged first was not important. 
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Tables 3 and 4 list the sample-comparison combinations and number of 

presentations per subsession for the original relations and probe sessions for Phase 2. 

As in Phase 1, the AB and BC original relations were trained in the first two sessions. 

The third session provided a mix of all previously trained conditional discriminations, 

and the fourth session probed for derived relations indicative of stimulus equivalence. 

Everything was die same as in Phase 1 except for the number of stimuli used and the 

number of conditional discriminations trained and tested. The criterion for moving 

from OR Mix training to probe in Phase 2 was 90% accuracy on one of the nine 

original relations pairs (bracketed on the second page of Table 3 for Session 3), 

regardless of cluster. (The criterion was the same as the Phase 1 training criterion, but 

in this case there were nine original relations pairs instead of three.) The probe session 

was similar to the probe in Phase 1 except that each subsession tested a different 

stimulus cluster. The OR Mix training and probe sessions were alternated until the 

final criterion was met: 90% accuracy for all four derived relations in each of two 

clusters (i.e., all conditional discriminations in two clusters, combined). For 2 subjects, 

the pre-established 2-hr limit for Phase 2 was exceeded before the criterion was met 

and test scores did not indicate an increasing trend in accuracy, so the experiment was 

ended. Another 2 subjects achieved 100% accuracy in the second probe. 

RESULTS 

The presentation of results begins with an overview of the type of data to be 

included in the analysis, delineating the units of analysis and clarifying the 
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terminology. After the method of graphing the data is explained, this section reports 

results for each subject A brief description of each subject's responses in Phase 1 and 

the early training sessions of Phase 2 is followed by a more detailed description of the 

data most relevant to the research question. This more detailed description focuses on 

the subjects' performances in the probe sessions and in the training sessions 

immediately preceding probe sessions. Following the presentation of results for each 

subject, comparisons across subjects are made and results are related to the research 

question. Finally, results of statistical analyses of overall relations between probe 

accuracy and original relations characteristics are reported. 

The original relations pairs presented in the training sessions-the AB and BC 

conditional discriminations—are referred to by cluster and class label: Kl, e.g., refers 

to die KA1-B1 and KB1-C1 conditional discriminations as a single unit. Percentage 

accuracy for a training session is a combined measure of the percentage correct for 

AB and BC original relations. The data are reported separately for each class rather 

than combined from all three classes under the general label of "original relations" as 

other researchers have done. Probe data (symmetry, transitivity, and symmetrical-

transitivity) are combined for each class as a way of assessing the emergence of 

equivalence of the stimuli in that class. This differs from the usual procedure of 

combining data from symmetry trials, for example, across classes. Thus, "83% probe 

accuracy for Kl" is a percentage correct measure for the combined conditional 

discriminations KB1-A1 and KC1-B1 (symmetry), KA1-C1 (transitivity), and KC1-A1 

(symmetrical-transitivity). These four conditional relations, for the purposes of this 
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study, are considered together and referred to collectively as "the K1 derived 

relations." (In this paper, "SI" refers to a stimulus equivalence class, not to a subject.) 

The graph in Figure 5 summarizes one subject's accuracy and latency data for 

the training sessions relevant to data analysis for this study. Those sessions are 

designated as Review 1, 2, and 3 to distinguish them from the full range of sessions, 

which are listed in Table 5. A review session consists of original relations trials; it is 

an OR Mix (ABBC Mix) Training session that immediately preceded a probe session. 

The bars in the graph in Figure 5 represent the data for average latencies (left y-axis) 

for Subject l 's responses on the original relations trials in the review sessions. The 

filled circles represent the data for the accuracy of those same performances (right y-

axis). The data are presented in a separate panel for each of the original relations pairs 

(the supposed prerequisite components for a stimulus equivalence class). For example, 

data for K1 original relations are shown in the first panel on the graph, for K2 

relations in the second panel, and so on. The data for K1 are presented in 

chronological order. Thus, for the K1 original relations, Subject 1 performed at 83% 

accuracy in Review 1, at 91% in Review 2, and at 100% in Review 3. This subject 

demonstrated 100% accuracy on all three review sessions for the K3 and N1 original 

relations pairs. The average latency for the K1 original relations was 1.9 s in Review 

1. In Review 2, the average latency was 1.8 s, and in Review 3 the average latency 

decreased to 1 s. This subject responded with average latencies of 1 to 2 s across all 

training sessions and all original relations pairs, with two exceptions (N2 and S2 in 

Review 1). 
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The first graph in Figure 6 shows the same data for Subject 1 with additional 

information to represent the dependent variable: whether or not derived relations 

emerged in the probe immediately following each indicated review session. In other 

words, the graph now includes results from the probe session that follows each review 

session. Each bar in the graph indicates one of the following: the absence of derived 

relations in a probe following the specified review session (white bars); the emergence 

of derived relations in a probe following the specified review session (black bars); and 

the occurrence of derived relations in a later probe, after derived relations have 

emerged (dashed bars). For example, for the K1 stimulus class, Subject 1 did not 

demonstrate derived relations in the probe following Review 1. The solid black bar for 

Review 2 indicates that derived relations emerged in the probe following Review 2. 

The dashed fill of the bar for Kl, Review 3, indicates that derived relations emerged 

during an earlier probe session. The graph shows, for a given potential stimulus 

equivalence class, whether derived relations emerged during the first, second, or third 

probe—or (as shown in the last two panels in Figure 6) not at all during the study. 

The criterion for evaluating the results of a probe session as either 

demonstrating derived relations or not (labeled in the figures as "emergent derived 

relations" or "non-emergent derived relations") was initially set at 90% probe accuracy 

for all derived relations for a given stimulus equivalence class. Data analysis suggested 

the need for an empirically derived decision in some cases. When the probe accuracy 

was between 75 and 90%, the raw data were studied to determine the location and 

type of errors. If all the errors occurred at the beginning of the probe session and no 
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more than two errors occurred for a particular conditional discrimination (e.g., BA 

symmetry), the session was considered to exemplify emergent derived relations even 

when the probe accuracy was only 83%. 

Individual Subject Results 

Subjects who responded in somewhat similar ways are discussed first and are 

designated as Subjects 1, 2, and 3 (Figure 6). Results for the other 4 subjects differed 

significantly from those of the first 3 subjects discussed. Subject 1 demonstrated 97% 

accuracy on the three conditional discriminations trained in the first OR Mix training 

session in Phase 1, at average session latencies ranging from 0.7 to 1.2 s. Derived 

relations were demonstrated at 98% accuracy in the following probe session. In Phase 

2, with three times as many conditional discriminations to learn, Subject 1 required 

three OR Mix training sessions to reach the criterion for introducing a probe session. 

Performance in the third OR Mix (Review 1) was at 90% accuracy on five of the nine 

original relation pairs (K2, K3, Nl, SI, and S3), as shown in Figure 6 (top graph) by 

the accuracy data (filled circles) for Review 1. All but the first of these five classes 

had short average latencies on original relations; for three of these four classes (K3, 

Nl, and SI), derived relations emerged in the probe session following Review 1, as 

indicated by the fact that those bars are black. Responses to original relations 

comparison stimuli for the fourth class, S3, continued at short latencies in Review 2 

but were less accurate (58%); the white bar indicates derived relations did not emerge 

in the second probe session. 
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Following Review 2, derived relations emerged for the K1 and K2 classes, 

although latencies for original relations in those classes were the same in Review 2 as 

latencies in Review 1. If shorter latencies represent fluency and predict the emergence 

of derived conditional discrimination relations, a decrease in latency would be 

expected to precede the probe in which derived relations emerge, which would be 

indicated on the graph by a solid bar shorter than the white bar representing the 

previous review session. This is not seen for Subject 1, for K1 and K2 in Review 2; 

nor is it evident for N2 and N3 in Review 3. Instead, there is a decrease in latency in 

all cases in the review session after the derived relations have emerged (Kl, K2, K3, 

Nl, and SI). (The very long average latencies for the N2 and S2 classes in Review 1 

represent only 3 and 2 correct responses, respectively.) 

Subject 2 achieved the 90% accuracy criterion after two OR Mix training 

sessions in Phase 1, and demonstrated derived relations above 90% accuracy in the 

probe session. Average latencies were 1.2 s consistently for all conditional relations. In 

Phase 2, this subject met the training criterion in the first OR Mix training, with 100% 

accuracy for the Kl and K2 original relations (see Review 1 in Figure 6, middle 

graph). Of these two classes, K2, with the shorter average latency of 1.4 s (versus 2.5 

s for Kl) preceded emergent derived relations in the probe that followed. The short 

average latency for K3 and very short average latency for N3 (with 75 and 58% 

accuracy, respectively) did not predict derived relations. Derived relations were 

observed for all three classes in the S cluster in the first probe. Average latencies for 
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these S classes in Review 1 ranged from 1.3 to 2 s; accuracy of original relations 

varied, from 58 to 83%. 

Derived relations emerged in the second probe for the two remaining K classes 

(K1 and K3), preceded by short latencies (see Review 2) but low to moderate 

accuracies of original relations in Review 2 (66 and 83%). Derived relations also 

emerged for the N1 and N3 classes, following original relations average latencies of 

2.1 and 1.9 s, and low original relations accuracies (58 and 66%) in Review 2. 

Derived relations emerged for the remaining class, N2, in the third probe, following a 

review session with original relations at 66% accuracy and 1.6 s average latency 

(Review 3). 

Looking at Subject 2's performance overall, it appears that the average latency 

of original relations responses decreased in successive review sessions, in contrast to 

Subject l's responses, which were within the narrow average latency range of 0.9 to 

1.9 s, with two exceptions. For Subject 2, high accuracy of original relations was not 

necessary for emergence of derived relations (58% was sufficient in two cases), 

whereas for Subject 1, derived relations never emerged after review sessions with 

original relations accuracy of less than 91% (12 instances), and, in 7 of 9 cases, 

derived relations emerged in the probe as soon as accuracy of 91% was achieved on 

the original relations (K2 and S3 in Review 1 being exceptions). For Subject 2, after 

derived relations emerged for one class in the first probe (K2 in Subsession 2), they 

emerged for all classes, with one exception (N2, for which derived relations did not 

emerge until the third probe). 
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Subject 3 completed Phase 1 in the minimum number of sessions possible, with 

very high accuracy on both training and test trials, and average latencies of 1.0 to 1.3 

s in the OR Mix session. Phase 2 training proceeded as rapidly, with original relations 

accuracies over 90% for two classes (N3 and SI) in Review 1. Of these two classes, 

SI, the one with the shorter latency (1.8 s versus 2.4 s) preceded emergent derived 

relations (see Figure 6, bottom graph). Derived relations also emerged in the first 

probe for N2, K2, S2, and S3, following low to moderate original relations accuracies 

(66 to 83%) and a wide range of original relations average latencies (1.S to 3.3 s). (A 

latency range of 12.7 s for the S2 class prompted a closer look at the individual 

responses to S2 conditional discriminations in Review 1 and a recalculation of the 

average latency after the removal of a single outlier, resulting in an average latency of 

1.8 s instead of 3 s and a range of 2.4 s instead of 12.7 s. This is the only instance of 

an extreme and atypical outlier among all 7 subjects and all review sessions.) 

Three classes (Nl, N3, Kl) showed a drop in average latency in the review 

session that preceded emergent derived relations; one (K3) did not. However, for this 

subject, average latencies decreased from the first to the second review for all classes 

except one, both before and after the emergence of derived relations. As in the case of 

Subject 2, emergence of derived relations after such varied original relations 

accuracies and latencies raises questions about the role of both accuracy and latency of 

original relations performances in the emergence of derived relations. 

Subject 3's probe performance for the S3 class in Review 1 is especially 

interesting: derived relations emerged at 91% probe accuracy in spite of original 



26 

relations performance at 66% accuracy and 3.3 s average latency. The 66% original 

relations accuracy represents an even split of the errors: 2 of the 6 AB original 

relations and 2 of the 6 BC original relations were incorrect, occurring about halfway 

through the review. Although the S3 average latency of 3.3 s is significantly longer 

than the 1.8 s of the SI and S2 classes, responses for all three classes occurred over a 

wide range of latencies (2.4, 3.9, and 5.4 s for the SI, S2, and S3 classes, 

respectively). 

A summary of Subject 3's performance reads the same as Subject 2's summary 

without the N2 exception: original relations average latency decreased consistently 

across review sessions; high original relations accuracy in review sessions was not 

necessary for emergence of derived relations; and after derived relations emerged for 

one class in each of the first two subsessions of the first probe, they emerged for all 

classes. In Subject 3's case, all derived relations emerged in the second probe, 

obviating the need for continued training and probe sessions. 

Results for Subjects 4 through 7, shown in Figure 7, differed in several ways 

from those of the first 3 subjects discussed. Subject 4, unlike Subjects 1, 2, and 3, 

required three OR Mix training sessions in Phase 1 to meet the criterion for 

introducing probe trials. Accuracy during the first two OR Mix sessions remained at 

chance level, although responses during the second OR Mix suggest selections biased 

toward the B1 and C2 stimuli. After the second OR Mix, the instruction about points 

was repeated, with the following elaboration: "Each time you get one right, you'll see 

+1 point on the screen; if you get it wrong, you'll see a blank screen." After the third 
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OR Mix, all derived relations were demonstrated in the probe, at above 90% accuracy. 

Average latencies in Phase 1 ranged from 1.3 to 1.8 s. An unusual aspect of Subject 

4's responding (both in Phase 1 and Phase 2, discussed in greater detail below) is the 

very short latencies during early training sessions (Sessions 1 through 3). Accuracy 

was low (33 to 48%) and latencies were short (0.7 to 0.8 s). 

Results for the first two training sessions in Phase 2 suggest chance-level 

responding, with the exception of original relations for the S3 class in the BC training 

session, which occurred at 91% accuracy with an average latency of 1.5 s. For other 

original relations, extremely short average latencies were evident (0.3 to 0.8 s). An 

experimenter error in setting up the first OR Mix training session for Phase 2 resulted 

in overtraining the K cluster for this subject. The first and second OR Mix and the 

first probe session involved only the K stimuli (three potential stimulus equivalence 

classes) instead of the K, N, and S stimuli (nine potential classes). This K-only OR 

Mix session is graphed as Review 1 in Figure 7 (Subject 4). The setup error was 

corrected after the first probe; as the graph shows, Subject 4 was subsequently trained 

and tested on all nine stimulus classes. 

Derived relations emerged for the K cluster in the first probe, after OR Mix 

accuracies of 83 to 100% and average latencies of 1.6 to 2.4 s. No derived relations 

emerged in the probe after Review 2; original relations accuracy was low for both N 

and S clusters, and average latencies were very short for Nl, N2, and N3. In Review 

3, these average latencies increased and derived relations emerged in the following 

probe for N2 in spite of original relations accuracy of only 75%. After Review 4, 
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derived relations emerged for two more classes, N1 and N3, following an increase in 

original relations accuracies to 83 and 91%, respectively, and average latencies of 2.6 

and 1.5 s. Accuracy remained low for all S classes and derived relations did not 

emerge. 

If the shorter latency of N3 in Review 4 suggests a role for the rate component 

of fluency in the emergence of derived relations, the increased latencies for N1 

(Review 4) and N2 (Review 3) suggest the opposite. For this subject, there is a close 

correspondence between original relations accuracy and latency (note how closely the 

accuracy data points track the latency bars in the graph). Increased original relations 

accuracy seems to predict derived relations, but a comparison of N2 and S2 in Review 

3 (both at 75% accuracy and approximately 2 s average latency) suggests other 

variables are involved, because derived relations emerge for N2 but not for S2. 

Close scrutiny of Subject 4's raw data revealed a reason for the extremely short 

latencies evident in the early training sessions (Phase 1) and in the three N cluster 

classes and for the S3 class (Phase 2). Such rapid responding suggested that the 

subject may have been hitting the same key quickly, perhaps not even looking at the 

stimuli. This subject's data did not show such a same-key response bias, but did reveal 

a consistent pattern of responding when the average latency was very short. The key 

sequence 3 - 2 - 1 shows up repeatedly, with an occasional change in the pattern. 

Thus, for this subject, there was a noticeable increase in average latency when 

accuracy began to improve, instead of the decrease in average latency that might be 

expected with practice and improvement. 
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Subject 5 provided the greatest challenge to data analysis and very little data 

that are relevant to this study. If the research plan for this study had been followed 

exactly, Subject S's participation would have been terminated after Phase 1, because 

no derived relations emerged. Very consistent responding on the probes and 100% 

accuracy on the original relations, however, hinted at the probability of derived 

relations in Phase 2, so sessions were continued on the second day. 

In Phase 1, Subject 5 was performing at highly accurate levels halfway through 

Session 1 and continued to select correct choices until Session 3, when accuracy 

decreased during the first two subsessions and then returned to 100% in the third 

subsession. Based on this latter accuracy, a decision was made to initiate a probe 

instead of conducting another OR Mix session. This deviation from the experimental 

plan may be a reason for subsequent unusual results for this subject. 

In the first probe session in Phase 1, Subject S's performance showed some 

variability in the first subsession and then unusual stability: all choices were consistent 

and incorrect except for choices involving the CB conditional discriminations, which 

were 100% correct (resulting in overall probe accuracy of 18%). Performance was 

obviously disrupted in the next OR Mix session, with accuracy dropping to 35%, and 

then restored in the following OR Mix to 91% accuracy. Responding in the second 

probe session repeated the pattern of the first probe: CB relations were 100% accurate 

while all other relations were 100% inaccurate. A comment Subject 5 made at the 

beginning of the second probe session is revealing. Given the usual probe instruction 

("This time you won't see any points on the screen"), the subject said, "I like this 
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kind; it's not as boring — no points, so you get to pick your own, the ones you like to 

go together." (For the 4 subjects participating after this point in time, the instruction 

was modified to read: "This time, there will be no points on the screen, but you'll still 

be paid at the end of the experiment based on your performance.") 

Subject 5's average latencies, during Phase 1, were fairly long during the OR 

Mix sessions, ranging from 1 to 5 s, but consistently short (1 to 1.S s) in the probes, 

exactly opposite other subjects' latencies. (We might be tempted to say Subject 5 was 

"doing his own thing" in the probes, and "doing it fluently.") Phase 2 results are very 

similar to the Phase 1 results, except that original relations accuracy reached a high 

level early and remained high, for two of the three clusters. Accuracy for the S cluster 

was variable, however, as can be seen in Figure 7. Latencies were generally stable at 

around 2 s, except for very long latencies for the S cluster and for N3 in Review 3. 

The N3 high average latency is not the result of a single outlier, as might be expected; 

nor is it accompanied by long latencies on the N1 and N2 trials occurring during the 

same subsession. The 6 responses with long latencies (of 12 total responses) included 

both AB and BC original relations and were distributed throughout the session. 

Although the six classes of the K and N clusters show similar accuracies and 

latencies in Review 1 (Figure 7, Subject S), derived relations emerged for all of the K 

classes and none of the N classes. In the probe session following Review 2, derived 

relations emerged for N2; none ever emerged for Nl, N3, SI, S2, and S3. An entire 

research project could be devoted to analyzing Subject 5's training and probe 
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performances. For purposes of the present study, it may be said that latency and 

accuracy appear to have had no effect on derived relations for this subject. 

Subject 6's results are even more extreme: No derived relations emerged. Data 

analysis, however, suggests that these results are relevant to this study's research 

question. Subject 6 met the training criterion in Phase 1 in the first OR Mix session, 

with accuracy at 100, 94, and 100%, respectively, for the three pairs of original 

relations, and average latencies of 1 to 2 s. Probe accuracy was only 54, 34, and 18%, 

respectively, for the three classes. This probe session apparently disrupted the H2 and 

H3 original relations in the next training, decreasing the OR Mix accuracy to 61 and 

58%, respectively. Accuracy of HI original relations remained at 100% in the second 

OR Mix. The subject met the Phase 1 criterion in the second probe, with 94% 

accuracy on HI derived relations, although H2 and H3 were still only 25 and 18% 

accurate, respectively, in the probe. 

In Phase 2, Subject 6 achieved a high level of original relations accuracy in the 

first OR Mix, with six of the nine original relations pairs at 91 to 100% accuracy (see 

Review 1 in Figure 7, Subject 6). Average latencies were generally around 2 s and 

decreased over subsequent review sessions in four of the nine classes (N3, SI, S2, S3). 

For these same classes, original relations accuracy either improved or remained high. 

Additionally, responding was accurate, with stable latencies, for relations in the K 

cluster, over three sessions. In other words, responding for seven of the nine classes 

fits the definition of fluency—accuracy plus rate—and no derived relations emerged in 

the probe sessions. Probe accuracy remained at 54% or below for all nine classes 
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across three probe sessions. In the third probe, symmetrical responding was evident at 

increasing levels of accuracy, but there were still no emergent derived relations as 

defined by this study. 

Subject 7 came out of the first training session of Phase 1 and said, "I think I 

get it." This subject proceeded to demonstrate nothing less than 94% accuracy on any 

OR Mix or probe session, finishing the Phase 2 sessions in record time and providing 

no data on which to base comparisons of emergent versus non-emergent derived 

relations. Average latencies were never above 2 s and were generally around 1.3 s 

(Figure 7, Subject 7). Average latencies of original relations generally remained the 

same for each class, across the two probe sessions; only the SI class showed a 

decrease. This stability of average latencies was not seen in otter subjects' results. 

Summary of Individuals' Results 

Two of the seven subjects in this study, Subjects 2 and 3, responded in a 

similar manner along several dimensions. For Subjects 2 and 3, the average latency of 

the original relations in the review training decreased consistently across sessions; high 

accuracy of original relations was not a prerequisite for derived relations; and derived 

relations emerged abruptly for all classes as soon as they emerged for one class in the 

second subsession of the first probe. Other subjects responded with greater variability. 

Subject 1 responded at short average latencies consistently across sessions, 

whether derived relations emerged or not; for this subject, however, a minimum of 

91% accuracy on original relations appeared to be a prerequisite for derived relations, 
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and the emergence of derived relations was distributed evenly across the three probe 

sessions. Subject 4's results showed a close correspondence between original relations 

accuracy and average latencies not evident in other subjects' results. Like Subject 1, 

Subject 4 demonstrated a correlation between original relation accuracy and accuracy 

of derived relations in the probe, but there is no indication of a relationship between 

original relations latencies and probe accuracy. 

Subject 5 responded with high accuracy and short latencies on original relations 

in two of the three clusters, and with variable accuracy and very long latencies in 

subsessions involving stimuli from the third cluster. Derived relations emerged for 

only four of the nine potential stimulus equivalence classes, although responding was 

very consistent on all probe relations. Subject 6 demonstrated increasingly fluent 

original relations responding for seven of the nine classes, but no derived relations in 

three probe sessions. Subject 7, on the other hand, responded fluently and with highly 

accurate derived relations for all stimulus classes in the first probe session. Stimulus 

equivalence responding, it appears, can be highly variable. 

Comparisons of Results Across Subjects 

This data analysis focuses on two comparisons of the results. The first is a 

comparison of the characteristics of the original relations in the review session 

preceding the emergence of derived relations with the characteristics of the original 

relations in the prior training session for that same class. Data referred to in this 

discussion are presented in Figures 6 and 7. Results for 2 of the 7 subjects (see Figure 
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6, Subjects 2 and 3) demonstrate three instances each in which fluency preceded the 

emergence of derived relations-that is, the average latency of original relations 

decreased in the training session preceding the probe in which derived relations 

emerged (in all cases except one, accuracy either increased or remained the same): 

Subject 2--N1 ami K1 (Review 2) and N2 (Review 3), and Subject 3--N1, N3, and K1 

(Review 2). A third subject's data (Figure 7, Subject 4) shows one instance: 4: N3 

(Review 4). 

Results for Subjects 2 and 3 (Figure 6) also show one instance each in which 

original relations accuracy increased while average latency remained the same, 

immediately prior to the probe in which derived relations emerged: Subject 2--K3 

(Review 2), and Subject 3~K3 (Review 2). Results for a third subject (Figure 6, 

Subject 1) provide another four instances: Kl, K2 (Review 2); N2, N3 (Review 3). For 

2 subjects (Subject 2, shown in Figure 6, and Subject 4, shown in Figure 7), there 

were three instances of change in the opposite direction, an increase in average latency 

of original relations just before derived relations emerged: Subject 2--N3 (Review 2), 

and Subject 4—N2 (Review 3) and N1 (Review 4). As shown in Figure 7, Subject 5's 

increase in average latency for N2 in Review 2 (1.09 to 1.33 s) is probably too small 

to be significant. 

Figures 6 and 7 also show, for 5 of the 7 subjects (Subjects 1 through 5), a 

decrease in average latency after the derived relations emerge. For most subjects, 

average latency of original relations responding in a review session was lower in the 

training session following the emergence of derived relations than it was in earlier 
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review sessions. This is the case for all subjects who demonstrated derived relations 

except Subject 7. For Subject 7, average latencies remained the same for the two 

training sessions. For Subjects 1 through 5, average latencies decreased in 21 of the 26 

instances where a review session was followed by emergent derived relations and then 

by another review session. This decrease in latency might be predicted as the result of 

practice. 

The second comparison to be made here, concerning the role of fluency in the 

emergence of derived relations, is that between characteristics of responses in the three 

original relation pairs (classes) within a single review subsession and the presence or 

absence of corresponding derived relations in the subsequent probe. Do the 

characteristics of original relations responding that preceded derived relations differ 

from the characteristics of original relations responding that did not precede derived 

relations? Answering this question involves focusing on those training subsessions that 

preceded probes in which the derived relations for at least one class (e.g., K2) 

emerged but the derived relations for at least one other class (e.g., Kl) did not emerge. 

Figure 8 shows the results for 4 subjects by subsession, starting with the 

training session preceding the first probe (Review 1). There were three instances 

within a subsession in which fluency preceded emergent derived relations but not the 

failure of derived relations to emerge: Subsession 1 of Review 1 for Subjects 1 and 3, 

and Subsession 2 of Review 1 for Subject 2. Subsession 2 (Review 1) for Subject 3 

may show the opposite or may reflect the fact that accuracy for K3 was not high 

enough for derived relations to emerge (although derived relations emerged in 
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Subsession 3 for S3 at even lower accuracy). Subject 5's data for Subsession 2 of 

Review 2 is equivocal: derived relations emerged following the fluent N2 responding 

but did not emerge following the equally fluent N1 responding. Subsession 2 (Review 

1) for Subject 1 appears to be a similar case, with derived relations emerging after 

only one of two training sessions involving equally fluent original relations; however, 

in this case, the lower accuracy of the N3 original relations is significant, because for 

this subject, derived relations never emerged with less than 91% accuracy in the 

review session. In conclusion, of the six subsessions in which this comparison can be 

made, three subsessions (Subsession 1 of Review 1 for Subjects 1 and 3, and 

Subsession 2 of Review 1 for Subject 2) provide data suggesting that fluency of 

original relations may play a role in the emergence of derived relations in the probe. 

Statistical Analysis 

Pearson product-moment correlations were calculated for each subject, for the 

two possible functional relationships (i.e., emergence of derived relations as a function 

of original relations accuracy and of original relations latency). The correlations are 

another approach to answering the research question. In this case, however, the 

analysis requires considering the probe data on an interval scale, as percentage 

accuracy, rather than considering the probe data as an indication of the emergence of 

derived relations or failure of derived relations to emerge. Table 4 summarizes these 

correlation data, and Figures 9 and 10 graphically display derived relations as a 

function of original relations accuracy and original relations latency, respectively. The 
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data graphed include all review session and probe data discussed above except the data 

for "previously emerged derived relations." Because the focus is on the characteristics 

of original relations that may predict derived relations, the data for a particular 

stimulus equivalence class after derived relations have emerged are not pertinent to 

this analysis. 

The graphs in Figure 9 show the percentage accuracy of derived relations in 

the probe as a function of the percentage accuracy of original relations in the previous 

training session (review) for each subject. Hie correlation coefficient, £ value, and 

number of data points sampled are provided above each graph. The accuracy variables 

are positively correlated for Subjects 1 and 4, with a correlation coefficient of .52 (2 = 

.02, n = 19) for Subject 1 and r = .79 (2 = .00003, n = 20) for Subject 4. The 

correlation shown by Subject 6 (r = .45, £ = .02, n = 27) is not particularly relevant, 

because the accuracy of derived relations never exceeded 60%. As the graphs indicate, 

there is no correlation between the two accuracy variables for 4 of the 6 subjects. For 

these 4 subjects, accuracy of original relations does not predict derived relations. 

The graphs in Figure 10 show the percentage accuracy of derived relations in 

the probe as a function of the average latency of original relations in the previous 

training (review) session for each subject. As in the previous figure, the correlation 

coefficient, £ value, and number of data points sampled are shown above each graph. 

The correlation data are listed in Table 4. A high negative correlation would be 

expected if fluency predicted derived relations. None of the subjects demonstrated a 

correlation between the original relations average latency variable and the dependent 



38 

variable, accuracy of derived relations in probes. The graphs in Figure 10 show a wide 

range of original relations latencies for 3 subjects; for Subjects 1 and 6, average 

latencies generally fell within the narrow range of 1 to 2 s no matter what the derived 

relations accuracy. The correlation data and graphs do not suggest a role for fluency, 

as combined accuracy and rate, in the emergence of stimulus equivalence derived 

relations. 

DISCUSSION 

The results of this study do not indicate conclusively that fluency plays a role 

in the emergence of the derived relations of stimulus equivalence. Although 2 subjects 

showed several instances of the decrease in latency (with improvement or maintenance. 

of accuracy) prior to testing that would occur if fluency predicted the emergence of 

derived relations, exceptions to the expected pattern occurred as often. The exceptions 

suggest that although fluency may precede or accompany derived relations, it appears 

to be neither necessary nor sufficient. A tally of results shows fluency preceding 

derived relations seven times; derived relations emerging without prior fluency seven 

times; and fluency not followed by emergence of derived relations seven times. 

Intersubject variability along the dimensions of fluency— accuracy and latency-

was common in the results obtained. For 2 subjects, latencies decreased consistently 

across sessions, whereas for 3 subjects, latencies were generally stable from the 

beginning to the end of the experiment. One subject's latencies were extremely 
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variable; another's were consistent within clusters but variable across clusters (if they 

were long in Review 1, they were long in Review 3, regardless of derived relations). 

Accuracy data also show intersubject variability. Original relations accuracy 

generally improved across sessions, for all subjects, although for 3 subjects, accuracy 

remained unstable in one cluster, (tee subject demonstrated a strong correlation 

between accuracy of original relations and emergence of derived relations: at 91% 

accuracy of original relations, and not before, derived relations emerged. Two subjects 

repeatedly demonstrated high original relations accuracy with no derived relations. A 

most interesting finding, however, is that, for 3 subjects, highly accurate original 

relations were not necessary for derived relations. Accuracies as low as 58 to 75% in 

review sessions preceded the emergence of derived relations in probes. 

The emergence of derived relations without the prerequisite component 

performances, along with the lack of clear evidence of a role for fluency, raises the 

question of whether stimulus equivalence provides a useful laboratory analog for 

generative instruction. The derived relations of stimulus equivalence may not be 

comparable to the complex composite skills referred to in the fluency literature. The 

fact that new behavioral relations emerge in both cases suggests a similar process, but 

the derived relations of stimulus equivalence may be more like the basic tool skills 

(component skills) of generative instruction than like the composite skills generated by 

the application task. Some of the more complex tasks involved in recent stimulus 

equivalence research—for example, the addition of nodes or inclusion of other 

relational tasks (Fields et al., 1993; Steele & Hayes, 1991)~may provide better 



40 

opportunities to answer this research question. Further research may show that fluency 

does not play a large role in die acquisition of new relations—the emergence of derived 

relations—but that it is important for retention and more complex application tasks. 

Alternatively, the lack of conclusive evidence for a role for fluency in stimulus 

equivalence may be due to the lack of experimental control. The ideal experiment 

would manipulate accuracy and latency as true independent variables in order to 

evaluate the functional relations responsible for stimulus equivalence results. However, 

experimentally manipulating accuracy and latency in the context of the stimulus 

equivalence preparation presents problems that have not been resolved. The traditional 

procedure in stimulus equivalence research trains original relations to a designated 

criterion accuracy level before probing for derived relations, which often results in 

overtraining. Many subjects demonstrate derived relations immediately; some do not 

demonstrate derived relations after repeated testing; and some demonstrate delayed 

emergence similar to that shown in the current research (and discussed extensively in 

Sidman, 1994). Attempts in the UNT laboratory to control latency with a limited hold 

or by delaying the opportunity to respond have not been successful (see Chase, 1995, 

for similar attempts). 

The current research was designed to make use of naturally occurring 

differences among original relations latencies of different stimulus classes and 

naturally occurring timing differences in emergence of derived relations. This 

experiment succeeded in providing a view of derived relations emerging gradually in 

successive probe sessions, showing that, for some subjects, the training and practice 
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required for the emergence of derived relations is minimal. This research considered 

the accuracy and latency of original relations as if they were independent variables, 

measuring them and looking for a correlation with the dependent variable, emergent 

derived relations. Because the results were not conclusive, further attempts to 

manipulate fluency experimentally are needed to answer this research question. 

Looking at the relationship between fluency of original relations responding 

and derived relations in the stimulus equivalence preparation will likely increase our 

understanding of stimulus equivalence responding, even if the comparison to 

generative instruction does not prove to be productive. Asking the fluency question 

required modifying the standard stimulus equivalence procedure and developing new 

ways of graphing the data, including a fine-grained analysis of the latencies and 

accuracy of individual populations or classes. The graphs and procedural modifications 

resulted in otherwise inaccessible observations. Modifying the procedure to ensure 

variation in derived relation responding by providing only a minimum amount of 

training before testing showed that, for some subjects, brief training is sufficient. By 

testing after brief training, this research revealed that derived relations may emerge in 

the probe despite low accuracy of original relations in the training. The need to 

classify probe performances in a binary manner—emergence of derived relations or 

not—required a close examination of probe trial data when results were not clear-cut: 

Is 83% probe accuracy "in" or "out"? Does 79% accuracy indicate emergence, if, after 

the first few incorrect responses, all responses in a probe session are correct? Data 

from the current research showing accuracy of all probe trial types in a cluster except 
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the BA symmetry trials raise the issue of what counts as the unit of analysis. The 

traditional method of combining the data for all stimulus equivalence classes would 

overestimate stimulus equivalence in this case. Grouping the same data according to 

natural populations, as this research has done, would show two stimulus equivalence 

classes and one transitional population. The operant of stimulus equivalence, like 

species, may have different boundaries depending on the researcher's definition of the 

unit of analysis. 

The role of fluency in the emergence of the derived relations of stimulus 

equivalence was not clearly shown by the current research. The relationship between 

stimulus equivalence and generative instruction remains speculative. The intersubject 

variability revealed by the current research raises several questions. The data showing 

emergence of derived relations following minimal training and only moderately 

accurate original relations was unexpected and has not previously been reported. The 

problems of establishing experimental control over latency and defining the unit of 

analysis are issues that have not been addressed in the stimulus equivalence literature. 

The importance of these issues and questions remains to be empirically investigated. 
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Table 1 
Trial Types in 3-Choice Conditional Discrimination Task 

Relation Type Sample Comparison Array 

Original A1 B1 B2 B3 
A2 B1 B2 B3 
A3 B1 B2 B3 

B1 CI C2 C3 
B2 CI C2 C3 
B3 CI C2 C3 

Derived Relations 

Symmetrical B1 A1 A2 A3 
B2 A1 A2 A3 
B3 A1 A2 A3 

CI B1 B2 B3 
C2 B1 B2 B3 
C3 B1 B2 B3 

Transitive A1 CI C2 C3 
A2 CI C2 C3 
A3 CI C2 C3 

Equivalence CI A1 A2 A3 
(symmetrically C2 A1 A2 A3 

transitive) C3 A1 A2 A3 

Note: Boldface indicates experimenter-designated "correct" 
stimuli. 
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Table 2 
Training and Testing Sequence 

Phase 1 

Session 1: Train 3 AB conditional discriminations: 
Al-Bl, A2-B2, A3-B3 

2: Train 3 BC conditional discriminations: 
Bl-Cl, B2-C2, B3-C3 

3: Mix Training: 6 AB and BC conditional discriminations: 
Al-Bl, A2-B2, A3-B3 
Bl-Cl, B2-C2, B3-C3 

4: Probe: Test for derived relations indicative of: 
AB Symmetry: 3 BA conditional discriminations 
BC Symmetry: 3 CB conditional discriminations 
Transitivity: 3 AC conditional discriminations 
Symmetrical-Transitivity: 3 CA conditional discriminations 

5: Alternate between 3 (OR Mix training) and 4 (Probe) until 90% 
accuracy criterion is met. 

Phase 2 

Same as Phase 1 but using three times as many stimuli (9 AB relations, 9 BC 
relations, test for 3 times 12 = 36 conditional discriminations). 
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Table 4 
Pearson Product-Moment Correlations Between Accuracy of Derived Relations and 

Accuracy and Latency of Original Relations 

Original Relations Accuracy/ Original Relations Latency/ 
Derived Relations Accuracy Derived Relations Accuracy 

Subject r £ r £ n 

1 .52 .02 19 .12 .62 19 

2 .14 .63 15 -.45 .09 15 

3 .50 .09 13 .12 .70 13 

4 .79 .0* 20 .13 .58 20 

5 .14 .56 20 -.41 .08 20 

6 .45 .02 27 .08 .68 27 

Note: Accuracy of derived relations % % correct in probe sessions 
Accuracy of original relations = % correct in training (review) sessions 
Latency of original relations = average latency for training (review) sessions 

*.00003 
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Table 5 
Training and Testing Sessions, All Subjects 

Subject 1 Conditional Relations, % Correct 

Session Cluster Type All Class 1 Class 2 Class 3 

1 H AB trng 62 
2 H BC trng 98 
3 H Mix trng 97 
4 H Probe 98 98 97 98 

5 K AB trng 0 
5 N AB trng 30 
5 S AB trng 36 
6 K BC trng 69 
6 N BC trng 77 
6 S BC trng 58 
7 K Mix trng 69 
7 N Mix trng 36 
7 S Mix trng 50 
8 K Mix trng 63 
8 N Mix trng 44 
8 S Mix trng 61 

9 K Review 91 
9 N Review 69 
9 S Review 69 

10 K Probe 56 25 45 100 
10 N Probe 59 95 45 37 
10 S Probe 61 100 58 25 
11 K Review 94 
11 N Review 77 
11 S Review 66 
12 K Probe 94 91 91 100 
12 N Probe 47 95 25 20 
12 S Probe 47 95 25 20 
13 K Review 100 
13 N Review 100 
13 S Review 77 
14 K Probe 98 95 100 100 
14 N Probe 91 91 83 100 
14 S Probe 45 100 16 20 
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Table 5 (continued) 
Training and Testing Sessions, All Subjects 

Subject 2 Conditional Relations, % Correct 

Session Cluster Type All Class 1 Class 2 Class 3 

1 H AB trng 48 
2 H BC trng 78 
3 H Mix trng 65 
4 H Mix trng 94 
5 H Probe 98 98 100 97 

6 N AB trng 36 
6 K AB trng 83 
6 S AB trng 69 
7 N BC trng 83 
7 K BC trng 83 
7 S BC trng 94 

8 N Review 58 
8 K Review 91 
8 S Review 69 
9 N Probe 26 12 45 20 
9 K Probe 47 16 100 25 
9 S Probe 88 95 87 83 

10 N Review 63 
10 K Review 83 
10 S Review 100 
11 N Probe 84 83 79 91 
11 K Probe 94 87 100 95 
11 S Probe 100 100 100 100 
12 N Review 91 
12 K Review 97 
12 S Review 100 
13 N Probe 100 100 100 100 
13 K Probe 100 100 100 100 
13 S Probe 100 100 100 100 
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Table 5 (continued) 
Training and Testing Sessions, All Subjects 

Subject 3 Conditional Relations, % Correct 

Session Cluster Type All Class 1 Class 2 Class 3 

1 H AB trng 87 
2 H BCtrng 93 
3 H Mix trng 99 
4 H Probe 98 98 100 97 

5 N AB trng 58 
5 K AB trng 80 
5 S AB trng 83 
6 N BCtrng 94 
6 K BCtrng 94 
6 S BC trng 91 

7 N Review 86 
7 K Review 75 
7 S Review 80 
8 N Probe 83 79 100 70 
8 K Probe 52 45 83 29 
8 S Probe 97 100 100 91 
9 N Review 91 
9 K Review 94 
9 S Review 100 

10 N Probe 88 79 100 87 
10 K Probe 100 100 100 100 
10 S Probe 100 100 100 100 
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Table 5 (continued) 
Training and Testing Sessions, All Subjects 

Subject 4 Conditional Relations, % Correct 

Session Cluster Type All Class 1 Class 2 Class 3 

1 H AB trng 33 
2 H BC trng 31 
3 H Mix trng 31 
4 H Mix trng 48 
5 H Mix trng 87 
6 H Probe 93 91 93 94 

7 K AB trng 38 
7 N AB trng 44 
7 S AB trng 33 
8 K BC trng 36 
8 N BC trng 41 
8 S BC trng 69 

9 K Review 44 
10 K Review 67 
11 K Probe 96 95 94 98 
12 K Review 97 
12 N Review 33 
12 S Review 52 
13 K Probe 98 100 95 100 
13 N Probe 40 50 41 29 
13 S Probe 26 8 45 25 
14 K Review 100 
14 N Review 63 
14 S Review 55 
15 K Probe 97 100 95 95 
15 N Probe 47 33 87 20 
15 S Probe 25 20 33 20 
16 K Review 97 
16 N Review 91 
16 S Review 38 
17 K Probe 100 100 100 100 
17 N Probe 97 100 95 95 
17 S Probe 45 29 41 66 



53 

Table 5 (continued) 
Training and Testing Sessions, All Subjects 

Subject 5 Conditional Relations, % Correct 

Session Cluster Type All Class 1 Class 2 Class 3 

1 H AB trng 68 
2 H BC trng 94 
3 H Mix trng 80 
4 H Probe 18 20 16 16 
5 H Mix trng 35 
6 H Mix trng 91 
7 H Probe 16 16 16 16 

8 K AB trng 86 
8 N AB trng 91 
8 S AB tmg 75 
9 K BC trng 88 
9 N BC trng 86 
9 S BC trng 86 

10 K Review 100 
10 N Review 91 
10 S Review 91 
11 K Probe 100 100 100 100 
11 N Probe 51 12 83 58 
11 S Probe 6 0 8 12 
12 K Review 100 
12 N Review 100 
12 S Review 75 
13 K Probe 100 100 100 100 
13 N Probe 59 33 95 50 
13 S Probe 45 66 66 4 
14 K Review 100 
14 N Review 97 
14 S Review 91 
15 K Probe 98 95 100 100 
15 N Probe 72 66 100 50 
15 S Probe 52 75 66 16 
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Table 5 (continued) 
Training and Testing Sessions, All Subjects 

Subject 6 Conditional Relations, % Correct 

Session Cluster Type All Class 1 Class 2 Class 3 

1 H AB trng 62 
2 H BC trng 87 
3 H Mix trng 98 
4 H Probe 35 54 34 18 
5 H Mix trng 73 
6 H Probe 45 94 25 18 

7 N AB trng 41 
7 K AB trng 88 
7 S AB trng 50 
8 N BC trng 88 
8 K BC trng 83 
8 S BC trng 97 

9 N Review 75 
9 K Review 97 
9 S Review 86 

10 N Probe 9 4 16 8 
10 K Probe 34 20 54 29 
10 S Probe 26 16 20 41 
11 N Review 66 
11 K Review 94 
11 S Review 88 
12 N Probe 18 0 37 16 
12 K Probe 44 37 41 54 
12 S Probe 25 33 20 20 
13 N Review 77 
13 K Review 94 
13 S Review 100 
14 N Probe 19 16 16 25 
14 K Probe 40 29 37 54 
14 S Probe 33 41 29 29 
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Table 5 (continued) 
Training and Testing Sessions, All Subjects 

Subject 7 Conditional Relations, % Correct 

Session Cluster Type All Class 1 Class 2 Class 3 

1 H AB trng 35 
2 H BCtrng 87 
3 H Mix trng 94 
4 H Probe 98 100 98 97 

5 N AB trng 91 
5 K AB trng 91 
5 S AB trng 66 
6 N BC trng 91 
6 K BC trng 91 
6 S BC trng 80 

7 N Review 94 
7 K Review 100 
7 S Review 100 
8 N Probe 100 100 100 100 
8 K Probe 100 100 100 100 
8 S Probe 100 100 100 100 
9 N Review 100 
9 K Review 100 
9 S Review 100 

10 N Probe 100 100 100 100 
10 K Probe 98 100 100 95 
10 S Probe 100 100 100 100 
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Phase 2 Accuracy and Latency Data, All Subjects 
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Subject 1 % Correct Review 

Review Session Class Review Probe DR* 
Average 
Latency 

9 
K 1 83 25 n 1.80 
K 2 91 45 n 1.85 
K 3 100 100 e 1.19 
N 1 100 95 e 1.38 
N 2 24 45 n 2.76 
N 3 83 37 n 1.52 
S 1 100 100 e 1.39 
S 2 16 58 n 3.82 
S 3 91 25 n 1.08 

11 
K 1 91 91 e 1.74 
K 2 91 91 e 1.89 
K 3 100 100 P 0.99 
N 1 100 95 P 0.95 
N 2 66 25 n 1.39 
N 3 66 20 n 1.09 
S 1 100 95 P 0.96 
S 2 41 25 n 1.04 
S 3 58 20 n 1.09 

13 
K 1 100 95 P 0.91 
K 2 100 100 P 1.34 
K 3 100 100 P 0.83 
N 1 100 91 P 0.85 
N 2 100 83 e 1.41 
N 3 100 100 e 1.30 
S 1 100 100 P 0.90 
S 2 83 16 n 1.55 
S 3 50 20 n 0.83 

DR = Derived relations in Probe: e = emergent, n = non-emergent, p = previously 
emerged. 
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Phase 2 Accuracy and Latency Data, All Subjects 
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Subject 2 % Correct 

DR* 

Review 
Average 
Latency Review Session Class Review Probe DR* 

Review 
Average 
Latency 

7 
N 1 83 79 n 3.22 
N 2 83 100 e 1.51 
N 3 91 70 n 2.36 
K 1 66 45 n 2.00 
K 2 83 83 e 2.35 
K 3 75 29 n 1.37 
S 1 91 100 e 1.84 
S 2 83 100 e 1.80 

Q 

S 3 66 91 e 3.31 
7 

N 1 83 79 e 1.81 
N 2 100 100 P 0.91 
N 3 91 87 e 1.95 
K 1 83 100 e 1.31 
K 2 100 100 P 1.86 
K 3 100 100 e 1.47 
S 1 100 100 P 0.92 
S 2 100 100 P 0.93 
S 3 100 100 P 1.07 

DR = Derived relations in Probe: e = emergent, n = non-emergent, p = previously 
emerged. 
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Phase 2 Accuracy and Latency Data, All Subjects 
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Subject 3 

Class 

% Correct 

DR* 

Review 
Average 
Latency Review Session Class Review Probe DR* 

Review 
Average 
Latency 

8 
N 1 58 12 n 3.24 
N 2 58 45 n 2.59 
N 3 58 20 n 1.11 
K 1 100 16 n 2.48 
K 2 100 100 e 1.39 
K 3 75 25 n 1.61 
S 1 83 95 e 1.97 
S 2 66 87 e 1.49 
S 3 58 83 e 1.25 

10 
N 1 58 83 e 2.16 
N 2 66 79 n 2.27 
N 3 66 91 e 1.88 
K 1 66 87 e 1.31 
K 2 100 100 P 1.29 
K 3 83 95 e 1.55 
S 1 100 100 P 1.56 
S 2 100 100 P 0.94 
S3 100 100 P 1.01 

12 
N 1 100 100 P 1.66 
N 2 75 100 e 1.64 
N 3 100 100 P 1.54 
K 1 100 100 P 1.25 
K 2 91 100 P 1.26 
K 3 100 100 P 1.28 
S 1 100 100 P 1.29 
S 2 100 100 P 0.97 
S 3 100 100 P 0.86 

DR = Derived relations in Probe: e = emergent, n = non-emergent, p = previously 
emerged. 
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Subject 4 

Review Session Class 

% Correct 

Review Probe DR* 

Review 
Average 
Latency 

10 

12 

14 

16 

K 1 83 95 e 1.63 
K 2 91 97 e 2.42 
K 3 100 98 e 1.90 

K 1 100 100 P 2.16 
K 2 100 95 P 2.17 
K 3 91 100 P 1.80 
N 1 41 50 n 1.11 
N 2 24 41 n 0.72 
N 3 33 29 n 0.82 
S 1 33 8 n 2.45 
S 2 66 45 n 1.99 
S3 58 25 n 1.73 

K 1 100 100 P 1.57 
K 2 100 95 P 1.81 
K 3 100 95 P 1.61 
N 1 66 33 n 2.58 
N 2 74 87 e 2.29 
N 3 49 20 n 2.12 
S 1 49 20 n 2.17 
S 2 74 33 n 2.10 
S 3 41 20 n 0.85 

K 1 91 100 P 2.04 
K 2 100 100 P 2.37 
K 3 100 100 P 1.45 
N 1 83 100 e 3.01 
N 2 100 95 P 1.89 
N 3 91 95 e 1.30 
S 1 24 29 n 2.59 
S 2 33 41 n 1.76 
S 3 58 66 n 1.46 

DR = Derived relations in Probe: e = emergent, n = non-emergent, p = previously 
emerged. 
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Subject 5 

Class 

% Correct 

DR* 

Review 
Average 
Latency Review Session Class Review Probe DR* 

Review 
Average 
Latency 

10 
K 1 100 100 e 1.75 
K 2 100 100 e 1.92 
K 3 100 100 e 1.37 
N 1 91 12 n 1.57 
N 2 83 83 n 1.09 
N 3 100 58 n 1.92 
S 1 100 0 n 2.38 
S 2 100 8 n 3.28 
S3 75 12 n 2.99 

12 
K 1 100 100 P 1.29 
K 2 100 100 P 1.58 
K 3 100 100 P 1.70 
N 1 100 33 n 1.40 
N 2 100 95 e 1.33 
N 3 100 50 n 2.15 
S 1 66 66 n 3.81 
S 2 83 66 n 3.22 
S 3 75 4 n 4.38 

14 
K 1 100 95 P 1.27 
K 2 100 100 P 2.37 
K 3 100 100 P 1.78 
N 1 100 66 n 1.71 
N 2 100 100 P 1.45 
N 3 91 50 n 4.33 
S 1 83 75 n 1.95 
S 2 91 66 n 3.91 
S 3 100 16 n 2.72 

DR = Derived relations in Probe: e = emergent, n = non-emergent, p = previously 
emerged. 
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Subject 6 % Correct 

DR* 

Review 
Average 
Latency Review Session Class Review Probe DR* 

Review 
Average 
Latency 

9 
N 1 75 4 n 2.63 
N 2 58 16 n 1.19 
N 3 91 8 n 2.21 
K 1 100 20 n 1.42 
K 2 100 54 n 1.71 
K 3 91 29 n 1.57 
S 1 58 16 n 1.77 
S 2 100 20 n 1.90 
S 3 100 41 n 2.25 

11 
N 1 58 0 n 1.57 
N 2 50 37 n 1.37 
N 3 91 16 n 1.90 
K 1 100 37 n 1.17 
K 2 83 41 n 1.80 
K 3 100 54 n 1.97 
S 1 91 33 n 1.28 
S 2 91 20 n 1.59 
S3 83 20 n 0.92 

13 
N 1 83 16 n 1.99 
N 2 50 16 n 0.66 
N 3 100 25 n 1.71 
K 1 100 29 n 1.27 
K 2 91 37 n 1.89 
K 3 91 54 n 1.65 
S 1 100 41 n 1.11 
S 2 100 29 n 1.38 
S 3 100 29 n 0.71 

DR = Derived relations in Probe: e = emergent, n = non-emergent, p = previously 
emerged. 
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Subject 7 % Correct 

DR" 

Review 
Average 
Latency Review Session Class Review Probe DR" 

Review 
Average 
Latency 

7 
N 1 91 100 e 1.99 
N 2 91 100 e 1.24 
N 3 100 100 e 1.21 
K 1 100 100 e 1.05 
K 2 100 100 e 1.31 
K 3 100 100 e 1.30 
S 1 100 100 e 1.90 
S 2 100 100 e 1.16 

Q 
S 3 100 100 e 2.00 

7 

N 1 100 100 P 1.93 
N 2 100 100 P 1.34 
N 3 100 100 P 0.96 
K 1 100 100 P 0.91 
K 2 100 100 P 1.46 
K 3 100 95 P 0.96 
S 1 100 100 P 1.24 
S 2 100 100 P 1.26 
S 3 100 100 P 1.76 

DR = Derived relations in Probe: e = emergent, n = non-emergent, p = previously 
emerged. 
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B1 C1 

B2 C2 B3 — C3 

m- . original relations (trained) 

— — derived relations (emergent) 

Figure 1. Trained and derived conditional discrimination relations. 
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Figure 2. Stimuli presented in Phase 2: N, K, and S clusters. 
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Figure 3. Configuration of sample (Al) and comparison (61, B2, and B3) stimuli on 

the computer screen. The labels shown with the figures are not shown on the computer 

screen. 
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• Accuracy of original relations in review session 
I I Latency of original relations in review session 

Figure 5. Accuracy and average latency of original relations in review 

sessions, for Subject 1. Each graph panel presents the data for a potential 

stimulus equivalence class, in session order. 
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Figure 6. Accuracy and average latency of original relations in review 

sessions, for Subjects 1, 2, and 3. Each graph panel presents the data for a 

potential stimulus equivalence class, in session order. The bar fill indicates 

performance on derived relations in the probe session following each 

review session. 
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Figure 7. Accuracy and average latency of original relations in review 

sessions, for Subjects 4, 5, 6, and 7. Each graph panel presents the data for 

a potential stimulus equivalence class, in session order. The bar fill 

indicates performance on derived relations in the probe session following 

each review session. 
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Figure 8. Accuracy and average latency of original relations in review 

sessions, for Subjects 1, 2, 3, and 5. Each graph panel presents the data for 

a subsession, for the three potential stimulus equivalence classes. The bar 

fill indicates performance on derived relations in the probe session 

following each review session. 
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Figure 9. Accuracy of derived relations in probe sessions as a function of 
accuracy of original relations in immediately preceding review sessions. 
Pearson product-moment correlation statistics are included above the 
graphs. 



75 

Subject 1 
r= .12, p = .62, n = 19 

Subject 4 
r = .13, p = .58, n = 20 

100 -

S 

1 
CL 
£ 

I cc 

I & 

I 

Subject 5 
r = - .41, p = .08, n = 20 

Subject 3 
rs.12, p = .70, n = 13 

Subject 2 
r = -.45, p = .09, n = 15 

Subject 6 
r= .08, p = .68, n = 27 

100 - • • • • 100 -

80 - . * • ; • 80 -

60 - 60 - • • 
40 - • 

• 
40 - V . •• • • ** *• 

20 - 20 - • • • •••!» 
0 - i 1 1 • 1 0 - , • , * * . 

Average Latency of Original Relations in Review Session (sec) 
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