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The experiment was an attempt to gain a more precise understanding of the 

temporal relation between the development of analytic units and equivalence relations. 

Two prompting procedures were used during training to pinpoint when eight subjects 

learned the conditional discriminations. Near simultaneous presentation of probe and 

training trials allowed for examination of the temporal relation between conditional 

discrimination acquisition and derived performances on stimulus equivalence probes. 

The data show that, for seven of eight subjects, a decreased reliance on prompts was 

coincident with the development of equivalence-consistent choices on either all or some 

probe trials, which suggests that the development of analytic units is sufficient to give 

rise to equivalence relations among stimuli. 
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INTRODUCTION 

Determining the Relation between the Moments of Acquisition of Baseline Conditional 
Discriminations and the Emergence of Equivalence Relations 

 
Stimulus equivalence is demonstrated when, after having learned the baseline 

relations A:B and B:C (where A:B means Given sample A1, A2, or A3, select  

comparison B1, B2, or B3, respectively, and nothing else), subjects perform accurately 

on tests for the properties of reflexivity (A:A; B:B; C:C), symmetry (B:A; C:B), transitivity 

(A:C), and equivalence (C:A)1

In general, research in stimulus equivalence shows that adult human subjects 

can and do derive these relations among stimuli without explicit differential 

reinforcement on probe trials (e.g., Carr, Wilkinson, Blackman, & McIlvane, 2000; 

Fields, Travis, Roy, Yadlovker, de Aguiar-Rocha, & Sturmey, 2009; Shimizu, 2006). 

These findings, combined with the observation that nonhumans typically do not display 

all of the conditional discriminations required to meet the definitional criteria for 

equivalence relations (Hayes, 1989; Saunders, 1989), have led many to suggest that 

the laboratory phenomena of stimulus equivalence are related to processes involved in 

the development and maintenance of referential relations in natural languages (Devany, 

Hayes, & Nelson, 1986; Hayes, Barnes-Holmes, & Roche, 2001; Hayes, Barnes-

Holmes, & Roche, 2003; Horne & Lowe, 1996; Sidman, 1994). 

. Highly accurate performance on these derived trial types 

indicates the emergence of equivalence relations among stimuli (Sidman, Rauzin, 

Lazar, Cunningham, Tailby, & Carrigan, 1982; Sidman & Tailby, 1982). 

Despite the central importance of the concept of equivalence in modern-day 

behavior analytic accounts of complex human behavior, little is understood about the 
                                                   
1 The numbers 1, 2, and 3 designate the class to which stimuli belong, and the letters identify the 
particular stimulus within the class. Thus A1 refers to Stimulus A in Set 1. 
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pre-experimental histories and experimental conditions that are necessary and sufficient 

for the development of equivalence relations. According to laboratory lore in 

equivalence research, approximately half of all adult subjects exposed to conditional 

discrimination training and equivalence testing procedures fail to show the development 

of equivalence classes. The reasons for this rate of failure are not well understood. As a 

notable exception, research by Fields and colleagues has identified some features of 

testing conditions (such as simple to complex sequencing of probes) that seem to 

facilitate equivalence-consistent responses during testing (e.g., Fields, Adams, & 

Verhave, 1993; Fields & Garruto, 2009; Fields, Landon-Jimenez, Buffington, & Adams, 

1995; Fields & Moss, 2008). 

One relation that remains less than well understood is that between the 

development of baseline conditional relations and the emergence of equivalence 

relations. It is commonly understood that the baseline conditional discriminations are 

necessary for the development of equivalence relations but very few studies have 

investigated the relation between the acquisition of the baseline relations and the 

emergence of the derived relations per se (cf. Harrison & Green, 1990; Pilgrim & 

Galizio, 1990, 1995, 1996; Pilgrim, Chambers, & Galizio, 1995) and many questions 

remain unanswered. 

One such question has to do with the temporal relation between the development 

of baseline conditional discriminations and the emergence of derived relations. In a 

study on class merger and expansion, for example, Sidman, Kirk, and Willson-Morris 

(1985), trained baseline conditional discriminations expected to lead to three (or two) 6-

member equivalence classes and found, under certain conditions, that 5- and 6-member 
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equivalence classes emerged slowly with repeated testing. This finding is a common 

observation in studies of stimulus equivalence (e.g., Bush, Sidman, & de Rose, 1989; 

Fields, Adams, Verhave, & Newman, 1990; Lazar, Davis-Lang, & Sanchez, 1984; 

O’Leary & Bush, 1996; Sigurdardottir, Green, & Saunders, 1990; Sidman, Kirk, & Willso-

Morris, 1985) and the regularity with which it is observed led Sidman (1994) to 

comment, “[I]t is clear that repeated testing, even with the experimenter providing no 

reinforcement, can bring out new conditional discriminations that had failed to appear” 

(p. 274). 

These data suggest that the acquisition of baseline conditional discriminations is 

a necessary but not a sufficient condition for the development of equivalence relations. 

Do the baseline relations have to be over-learned? Is the lack of familiarity with the 

testing-trial configurations an issue? Is delayed emergence a by-product of other 

procedural factors? Or is it a robust and repeatable dynamic of the development of 

equivalence relations? 

These questions have acquired a fresh relevance in light of Sidman’s recent 

theoretical contributions (Sidman, 1994; 2000). In brief, Sidman (2000) suggests that 

the origin of equivalence relations may lie in the operation of the contingencies of 

reinforcement. More specifically, he suggests that the operation of reinforcement 

contingencies gives rise to two sets of outcomes:  the n-term analytic units that are 

familiar to behavior analysts and equivalence relations. There is no reason, according to 

this view, to expect any systematic differences among the various conditional relations 

that define the equivalence relation. In fact, Sidman (1994) explicitly states that “[a]n 

equivalence relation can be thought of as a bag that contains ordered pairs of all events 
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that the contingency specifies; the bag can be shaken and the elements mixed without 

regard to any spatial or temporal relations among them” (p. 381). Also, because the 

reinforcement contingency produces both analytic units and equivalence relations 

(Sidman, 2000), there is no reason to expect a lag between the acquisition of baseline 

relations and the emergence of derived relations among elements of the contingency. 

One of the reasons for our lack of knowledge may be related to the way in which 

stimulus equivalence experiments are traditionally conducted. The traditional procedure 

involves training subjects on the baseline conditional discriminations to a high degree of 

accuracy before test trials are introduced. Under this procedure, the subject’s first 

exposure to the testing trial is also the first exposure to a completely different 

configuration of stimuli on the screen. It is possible that the delayed emergence is due 

to a disruption in performance by the introduction of a novel configuration of stimuli on 

the test trials. Such an effect would be expected to attenuate over time and give rise to 

the delayed emergence of equivalence relations. If true, such an outcome would be 

theoretically interesting because it would suggest that delayed emergence is a by-

product of the train-then-test procedure and not a dynamic of the development of 

equivalence relations themselves. 

The current study attempts to gain a more precise understanding of the relation 

between the acquisition of baseline conditional discriminations and the development of 

equivalence relations. Isolating whether delayed emergence of equivalence relations is 

a regular feature of the development of equivalence relations requires that the testing 

configurations not be novel at the point at which baseline relations are acquired. The 

procedures used in this study attempted to minimize the novelty of testing 
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configurations by presenting both training and testing trial types from the beginning of 

the subject’s participation. It was thought that such a preparation would allow the 

tracking of the acquisition of the baseline relations while monitoring the status of the 

derived relations within the same trial block. 

This was accomplished by using a variant of Touchette’s (1971) delayed 

prompting procedure. This procedure presents a prompt after a specified period without 

a choice has elapsed. Choice of the experimenter-designated correct comparison 

stimuli prior to the onset of a prompt was used to indicate acquisition of the conditional 

discrimination. Two different prompting procedures were used in the study. In the first 

procedure, a red border was presented around the ‘correct’ comparison stimulus if the 

subject had failed to make a response within 3 s after comparison-array onset. In the 

second procedure, all stimuli except the experimenter-designated correct stimulus were 

removed given no response within 3 s of the onset of the comparison array. 
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METHOD 

Subjects 

 Thirteen undergraduate students at the University of North Texas filled out 

applications to participate in research on human performance and decision making after 

seeing fliers posted in academic buildings around campus. Three of those applicants 

were debriefed too early (before acquisition of all of the baseline relations), and two of 

the subjects did not come back after the first session. Eight subjects completed all of the 

required sessions. Three of those subjects were male and five were female. Subjects 

were compensated monetarily for participation in the experiments. A base rate of $2.00 

was paid after each session, and bonus money could be earned at the rate of 

$0.03/correct training-trial response. The bonus money was paid after the subject 

completed the study. 

Procedure 

 The sessions were conducted twice a week (based on availability) in a small 

room with a computer in the Department of Behavior Analysis in Chilton Hall at the 

University of North Texas. The room was furnished with a desk, two chairs, and a 

desktop computer with monitor, mouse, and keyboard. A trial began with a sample 

presented in the horizontal and vertical center of the computer screen. When the 

sample stimulus was presented, placing the cursor on the sample stimulus and clicking 

on the left mouse button produced an array of comparison stimuli while the sample 

stimulus remained in the center of the screen. The three comparison stimuli on a given 

trial were presented randomly in three of the four corners of the screen, and selecting a 

comparison stimulus with a mouse click moved the trial forward. Selection of the 
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experimenter-designated correct comparison stimulus on a training trial always 

produced the word “Correct” displayed as a consequence and a 3-s intertrial interval 

(ITI). Selecting an incorrect comparison stimulus on training trials produced only the 3-s 

ITI, as did any response to comparison stimuli during testing trials. 

Six training trials (A1:B1, A2:B2, A3:B3, B1;C1, B2:C2, and B3:C3) and the 12 

testing trials (B1:A1, B2:A2, B3:A3, C1:B1, C2:B2, C3:B3, A1:C1, A2:C2, A3:C3, C1:A1, 

C2:A2, and C3:A3) were presented together in a random fashion from the beginning of 

the experiment. The training trials were arranged with prompts such that a failure to 

respond for 3 s after the onset of the comparison array either produced a box around 

the correct comparison stimulus (S+ prompting procedure) or removed all of the 

incorrect stimuli (S- prompting procedure). Proportion of correct responses without a 

prompt served as a continuous measure of the acquisition of baseline relations. 

The stimulus arrays on trials were quasi-randomized within the same block with 

the constraints that 1) the same corner of the computer screen not be empty for more 

than three consecutive trials, 2) the same correct comparison stimulus could not be 

presented in the same corner of the screen more than three trials in a row, and 3) each 

correct comparison stimulus had to be presented in each position equally often.  Nine of 

the 18 arbitrary geometric stimuli were randomly assigned to unique classes for each 

subject. The stimulus classes designed for each subject stimulus files are presented in 

Appendix A, and all 18 arbitrary geometric stimuli used in the study are included in 

Figure 1. Each of these 18-trial blocks was presented 15 times per session for a total of 

270 trials. A visual representation of the prompting procedures and the training and 

testing structure appears in Figure 2. 
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The first option for a break during a session occurred after six blocks of trials, 

and the second break occurred after six additional blocks had been completed. The 

instructions that were presented at the beginning of sessions and after breaks are 

included: 

Your task will begin with a picture presented in the middle of the screen. 
Clicking on it will present 3 other pictures in the corners of the screen. 
Your job is to figure out which picture in one of the corners goes with the 
picture presented in the middle. On some trials, the program will give you 
a hint if you're not sure what to do. It is okay to wait for the hint, but you do 
not have to. On some trials, the program will give you feedback about your 
response. On other trials, you will not receive any feedback. There is, 
however, a correct answer on every trial, and it's up to you to figure out 
what to do. Do you have any questions?  

 
The instructions presented at the end of the session stated, “You're finished with 

this task. Please close the door to the room and find the experimenter for further 

instructions.” The debriefing form that all subjects were asked to complete at the 

end of their participation in the experiment is included in Appendix B. 
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RESULTS 

 All eight subjects waited for the prompts in their first session and continued to 

use the prompts to varying degrees throughout the rest of the sessions, but there 

seemed to be no difference in responding produced by the prompting procedures. 

Figure 3 shows the number of trials (out of a possible 15) on which individual subjects 

waited for the prompts in the S+ prompting group. The data are presented per session 

and broken down by the experimenter-designated correct comparison stimulus. The 

figure shows that three of the four subjects’ choices were substantially prompt-

dependent during the first session (S2 was the exception). The figure also shows a 

substantial attenuation of prompt use for S1 and S2 by the second session. In contrast, 

S3 and S4 continued to rely more heavily on the prompts for more trials per session and 

for more sessions. S3’s choices for B1, B2, and C1 stimuli and S4’s choices for B2 and 

C2 remained moderately prompt-dependent throughout their participation. 

 Figure 4 shows the same measure for subjects in the S- group. This figure shows 

that all subjects waited for the prompts on most trials during the first session. As with 

the other group of subjects, waiting for the prompt was substantially attenuated for S5 

and S8 by the second session. S18 waited for the prompts on a large proportion of all 

training trials except during Sessions 3 and 4. S19 differed from S5 and S8 in that he 

continued to wait for prompts on a large proportion of trials for 2 or 3 sessions. As seen 

with subjects in the S+ group, S19’s prompt use appeared to be limited to certain trials 

(e.g., B1, B2, C2, and C3). 

 Figures 5-12 present the percent of trials with a correct response broken down by 

training and testing trial types. In each figure, the top most panel (training trials) 
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presents the percent of trials in five blocks of trials with a correct response (bars) and 

the proportion of trials on which the subject waited for the prompt (triangle symbols and 

line). The next three panels, from top to bottom, present data from the symmetry, 

transitivity, and equivalence probes, respectively. This figure allows one to discern 1) 

accuracy on training trials, 2) proportion of training trials with a prompt delivered, and 3) 

accuracy on derived trial types. Further, the arrangement of data panels allows each of 

these aspects of the subject’s behavior to be compared against each other. 

 As indicated above, the top panel in each figure (Figs. 5-12) presents data on the 

subject’s performance on training trials. Viewed collectively, these data show that seven 

of eight subjects acquired the baseline relations within two to five sessions of exposure 

to the nearly-simultaneous training and testing procedure. Three of the seven subjects 

who acquired the baseline relations stopped waiting for the prompt. The other four 

subjects who could be said to have acquired the baseline relations continued to wait for 

the prompt on a small proportion of the trials with some regularity. In an effort to assess 

the unprompted accuracy of these performances, the prompting procedure was 

suspended for one session. The conditional discriminations continued undisrupted 

under these conditions. Overall, these data suggest that the inclusion of testing trials 

from the beginning of training did not substantially hinder the development of baseline 

conditional discriminations. 

 The second panel from the top in Figures 5-12 presents data on probes for 

symmetry. Six out of the eight subjects performed accurately on tests for symmetry but 

only after the baseline relations were acquired. Responding on tests for symmetry 

improved as the six subjects’ performance came under control of sample-comparison 
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relations as indicated by reduced reliance on prompts on the training trials. All four of 

the subjects in the S+ prompting condition and two of the four subjects in the S- 

prompting condition showed evidence for symmetry. S19 started to show evidence for 

symmetry in the second and third sessions as his reliance on prompts was decreasing 

but the accurate performance on symmetry probes quickly gave way to non-symmetric 

choices. S18’s data were interesting in that the subject never acquired the conditional 

relations as indicated by her continued reliance on the prompts on training trials. S18 

also never provided evidence of a symmetrical relation among the stimuli. 

The third and fourth panels from the top in Figures 5-12 present data from the 

transitivity and equivalence probes. Four of the eight subjects (S1, S3, S5, and S19) 

showed evidence for transitivity, and three of those subjects (S1, S3, and S5) also 

showed evidence of equivalence relations among the stimuli. Performance on the tests 

for transitivity and equivalence seem to be related to each other for these three 

subjects. Similar to the conditions under which symmetry was produced, three of the 

four subjects performed accurately on tests for transitivity and equivalence at the same 

time that comparison choices on the training trials were coming under control of the 

conditional relation arranged between sample and comparison stimuli and less under 

control of the prompts. S19’s accurate performance on transitivity probes was also 

accompanied by a reduced reliance on the prompts during the training trials. In 

summary, seven of the eight subjects showed emergent derived relations among stimuli 

after baseline conditional relations were learned. For three of the seven subjects, 

performance on all derived trial types was highly accurate suggesting the formation of 

equivalence classes. 
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Figures 13-20 present the data in a manner that allows closer scrutiny of the 

errors. Each figure presents data from the first 15 and last 15 presentations of each 

conditional discrimination trial in the top and bottom panels, respectively. S3 is the only 

exception because his last session was abbreviated to only six exposures to each trial 

type; this was to ensure that his responding without the prompts would continue to be 

accurate. In each panel, sample stimuli are listed along the vertical axis and comparison 

stimuli are listed along the horizontal axis. The intersection of a row and a column, then, 

represents a particular conditional relation. For example, the cell where Row A1 meets 

Column B1 represents the potential selection of comparison stimulus B1 given sample 

stimulus A1. The number appearing in the cell indicates how often, out of 15 possible 

trials, a particular conditional relation was observed. Given the training structure used in 

the study and the ordering of sample and comparison stimuli along the axes, explicitly 

reinforced training performances and experimenter-designated correct choices on probe 

trials line up along the diagonal in each individual rectangle. The three blank groupings 

along the major diagonal represent probes for reflexivity which were not conducted in 

this study. 

 Subjects who demonstrated the development of equivalence relations all show a 

similar pattern in this representation of the data. In the first session and top panel of the 

figures, the responses to comparison stimuli are not systematically controlled by 

experimenter-designated sample stimuli. The response numbers are haphazardly 

arranged around the minor diagonals in each mini-panel in the figure. In the last 

session, comparison-stimulus choices are well controlled by sample stimuli on training 

and testing trials. Some figures show perfect correlation between the sample and 
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comparison choices (S1 and S3), but sometimes the second session was less than 

perfect but still within the range of errors to meet criterion (S5). 

Subjects who did not demonstrate transitive and equivalence relations among 

stimuli displayed one of two patterns of responding. Each of the subjects responded 

according to one or sometimes both of the patterns. The first pattern of responding 

involved unpredicted but nonetheless consistent reversibility or bi-directionality between 

non-experimenter-determined relations. That is, for the three subjects who showed 

evidence for symmetry but not transitivity or equivalence, the responses on tests for 

transitivity and equivalence were related. For S2, the reversible relations were A1:C2 

(C2:A1), A2:C3 (C3:A2), and A3:C1 (C1:A3). S8 had similar emergent relations to S2 

except for the A1:C2 and C2:A1 relations. It is important to note that different stimuli 

were involved in the classes for these two subjects and their different emergent 

relations. For S4, two of the bi-directional relations were not expected (A1:C2 and 

C2:A1; A2:C1 and C1:A2), and the last bi-directional relation was expected from the 

baseline training (A3:C3 and C3:A3). S19 had the second type of response pattern 

which was consistent but not reversible. For him, comparison responses to stimuli from 

one class were made consistently to sample stimuli from one other class. The uni-

directional relations that emerged were B1:A3, C1:B3, C1:A3; B2:A1, C2:B1, C2:A1; 

and B3:A2, C3:B2, C3:A2. The remaining relation that was not reversible for S8 was the 

C2:A1 relation on tests for equivalence.  

All of the subjects demonstrated that when the baseline conditional 

discriminations were acquired, performance on at least some of the derived trial types 

became consistent with the requirements for symmetry or transitivity, and sometimes 
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both properties. Conversely, when the baseline relations were not learned, there was 

inaccurate responding on tests for the derived relations. The different measures of 

responding show these trends in the data for each subject. 
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DISCUSSION 

 The goal of the current study was to understand the temporal relation between 

the development of analytic units (here, baseline conditional discriminations) and the 

emergence of equivalence relations. The study used a delayed-prompting procedure to 

teach baseline relations in an effort to pinpoint acquisition of the conditional 

discriminations. The study also used a ‘truly’ simultaneous training and testing protocol 

in which training and testing trials were presented from the beginning of the study. 

 The results show that seven of the eight subjects who completed the study 

acquired the baseline relations. This was indicated by a decreased reliance on the 

prompts during training trials for all seven subjects. For four subjects, conditional 

discrimination performances were confirmed by removing the prompts from the training 

trials entirely. These data suggest that the inclusion of testing trials from the beginning 

of the study did not interfere with the acquisition of baseline relations. 

As the baseline relations were learned, there is evidence for each of the derived 

performances. Thus, the current experiment demonstrates that derived relations 

emerged with the analytic units. For symmetry, seven of the eight subjects were able to 

reverse the stimuli once the baseline conditional relations were acquired. Responding 

for three of the subjects provided evidence that the stimuli were all interchangeable with 

one another after the relations were learned. Three of the seven subjects who 

demonstrated only the symmetrical property (and one, only the transitive property) also 

did not show evidence for the experimenter-determined stimulus classes (i.e., they did 

not meet the criteria for the properties of transitivity and equivalence). They did, 

however, form their own non-experimenter-determined relations on the remaining tests 
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for the emergent relation. S18 never acquired the baseline relations and did not perform 

accurately on tests for the properties of the equivalence relation. These results are 

consistent with Sidman’s (2000) account that when the analytic units develop, so do 

some or all of the properties for the equivalence relation. 

Because not all of the derived relations were apparent for every subject once the 

baseline relations were acquired, it is reasonable to inquire whether all of the relations 

are equal. Sidman (2000) suggests that the relations which emerge during probe trials 

are, in fact, all equal to one another. An expected outcome was the immediate 

emergence of symmetry, transitivity, and equivalence as soon as the baseline relations 

were learned. Sidman’s (2000) theory indirectly suggests immediate emergence follows 

from the “bag” analogy. All of the stimuli within the stimulus classes should be related to 

each other. Any stimulus should be able to be matched, at random, with any other 

stimulus that belongs in the same class. It follows that the equivalence relations also 

should not have a temporal order; each equivalence property should be satisfied 

simultaneously. If the reinforcement contingency produces both the analytic units and 

the equivalence relations (Sidman, 2000), it is parsimonious to assume that each 

stimulus becomes interchangeable with each other stimulus at approximately the same 

time. Symmetry was more likely to emerge than transitivity or symmetrical transitivity, 

which suggests that the bag analogy may need to be revised to account for this 

discrepancy between the differential emergences of the equivalence properties.  

The nodal distance effect (cf. Fields, Verhave, & Fath, 1984) provides a way to 

describe the differential testing outcomes observed with some of the subjects. When 

using a linear training sequence (AB; BC), A  and C are related to each other 
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because of their mutual relation to B. Stimulus B is also known as the node in this 

example. The transitive relation between A and C includes one node. If AB, BC, 

and CD are the baseline relations trained, A:D transitivity has two nodes (B and C). 

The reflexive and symmetrical relations are zero-node derived relations. Typically the 

nodal distance effect involves derived relations with one or more nodes by which the 

stimuli are related. Nodal distance also affects latencies in that the more nodes between 

the stimuli, the slower the response times to the comparison stimuli on test trials. 

Attributing the delayed emergence results to nodal distance is conceptually systematic 

with Fields, Adams, Verhave, and Newman’s (1990) assumptions that the fewer 

intervening nodes included in the derived relations, the faster accurate responding will 

emerge for those relations. As nodality applies to the equivalence relations, symmetry 

should emerge before transitivity and equivalence. There should be relatively no 

difference between transitivity and equivalence because they are both one-node derived 

relations. When there was a delay between the equivalence relations, the discrepancy 

did occur between accurate responding on symmetry probes and 

transitivity/equivalence probes. The nodal distance effects do seem to be a by-product 

of the linear training procedure, and they are not seen when all the trials are balanced 

(Imam, 2006). If all trial types are presented the same number of times, then the trials 

are balanced. The trial types are typically not balanced when probing for equivalence 

relations. Even as Fields et al. (1990) note, the nodal distance effects dissipate when all 

of the criteria for equivalence relations are met. Nodal distance might be a possible 

explanation for the difference between symmetry and transitivity, but the simple 
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discriminations that are involved in the training and testing structure may also account 

for the inequality of the equivalence properties. 

In another sense, the differential testing outcomes may have been related to 

fewer presentations of probes for the transitive and equivalence properties relative to 

symmetry. As Imam (2006) points out, smaller denominators for probe types influences 

the percent correct to a greater degree. That is, mistakes are more costly and 

performance is less likely to meet criterion when there are only three opportunities to 

respond accurately on tests for transitivity or equivalence as opposed to symmetry or on 

baseline trials. This does not appear to a serious factor in the current data set, however.  

In three of seven cases where transitivity was not observed, the data show that it was 

due to the development of bidirectional relations that were not specified by the 

experimenter or predicted on the basis of baseline conditional discrimination training. 

Still another account for the difference between the equivalence properties is 

provided by Pilgrim and Galizio (1996). Perhaps equivalence relations are a product of 

the convergence of independent stimulus-stimulus relations, as can be interpreted with 

an experiment on contingency reversals. Pilgrim and Galizio (1996) used a one-to-many 

training structure with AB and AC as the trained baseline relations with two 

expected stimulus equivalence classes. After the equivalence classes A1:B1:C1 and 

A2:B2:C2 were established, reinforcers were delivered for selecting C2 when A1 was 

the sample, and selecting C1 was reinforced when A2 was the sample. This was 

expected to produce new stimulus classes—A1:B1:C2 and A2:B2:C1. The symmetrical 

relations did emerge as were expected (C2:A1 and C1:A2), but the reflexive and 

transitive relations were consistent with the original baseline contingencies (i.e., B1:C1 



19 

and B2:C2). The contingency reversal effect seen in Pilgrim and Galizio (1995) was 

replicated in another study (Pilgrim, Chambers, & Galizio, 1995). Pilgrim and Galizio 

(1996) propose that reflexivity, symmetry, and transitivity are better described as 

properties of equivalence relations rather than as an inseparable unity. Nothing requires 

that the equivalence properties be dependent upon one another. Independence of the 

equivalence properties does not detract from the fact that reflexivity, symmetry, and 

transitivity are all required before stimuli are determined to participate in equivalence 

classes. The accurate performance of Subject 19 on only transitivity probe trials 

suggests support for the independence of the properties in the absence of meeting all 

the equivalence relation criteria. Similar to theorems, the individual properties can be 

satisfied, but the theorem cannot be proved until every property is satisfied. Does it 

really matter in what order the properties are met if they become an integrated unit once 

all of them are demonstrated? 

 None of the previous accounts directly address why there would be a difference 

in performance between transitive and equivalence probes. The equivalence probe is 

the combined symmetry and transitivity test, so it should follow that accurate 

performance on tests for symmetry and transitivity would immediately and directly lead 

to accurate performance on tests for equivalence. This was not the case for S3 who 

required additional exposures to the training and testing trials before demonstrating 

evidence for equivalence after meeting criteria for the other derived properties. The 

properties may be independent, but what could cause a lag between transitivity and 

equivalence? As for the reversal and recombinative difference between symmetry and 

transitivity, the recombinative and reversed recombination of the testing trial 
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configuration may affect performance. The baseline or training trials are A:B and B:C 

where the A stimuli always serve as sample stimuli and the B stimuli sometimes serve 

as sample stimuli and other times serve as comparison stimuli. The C stimuli are always 

comparison stimuli on training trials. In symmetry, the stimulus array is reversed from 

the presentation of stimuli on training trials. On symmetrical probes (B:A and C:B), the 

sample stimuli (e.g., A and B) on training trials become comparison stimuli, and the 

former comparison stimuli (e.g., B and C) become sample stimuli. For transitive probes 

(A:C), the sample stimuli from some training trials are combined with comparison stimuli 

from other trials. This is a recombination because the stimuli had never previously been 

paired on the same trial. Equivalence probes (C:A) are both reversals and 

recombinations because the sample stimuli were former comparison stimuli on training 

trials, the comparison stimuli were former sample stimuli, and the stimuli were never 

presented within the same trial in baseline. Because of these different reversals and 

recombinations, the discriminations involved may become increasingly more difficult as 

the stimuli become rearranged in different ways. When subjects can respond accurately 

on tests for transitivity with the rearranged stimulus configurations, they may not 

immediately be able to make essentially the same discrimination on tests where the 

stimuli are rearranged and then reversed (equivalence). Thus, differences in the 

equivalence properties are most likely a product of procedures used to test for the 

equivalence relation. 

More research is needed before definitive conclusions can be reached about the 

nature of the equivalence properties and to determine if immediate emergence is the 

typical outcome for equivalence classes. Is delayed emergence a by-product of training 
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trial structures, or is it a natural part of the equivalence phenomenon? Whatever the 

research suggests, the nearly simultaneous training and testing protocol is a useful 

procedure for answering questions about conditional discriminations and equivalence 

classes. 
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Figure 1. The randomly assigned 18 arbitrary geometric stimuli are presented that were 

used in the experiments. 
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Figure 2. Prompting procedure and training/testing structure. The S+ and S- prompting 

procedures are illustrated. In the S+ condition, the correct comparison stimulus is 

highlighted with a red border, and in the S- condition, the incorrect comparison stimuli 

are removed from the comparison array after 3 s of the comparison array onset without 

a response. The training/testing structure is also shown. The solid lines indicate the 

order of training in a linear sequence (AB; BC), and the broken lines indicate a 

relation that is tested in a simultaneous sequence (B:A; C:B; A:C; C:A). The specific 

type of equivalence relation that is tested is identified next to the corresponding broken 

lines (B:A=symmetry, C:B=symmetry, A:C=transitivity, C:A=equivalence). 
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Figure 3. The number of prompted comparison selections by type are displayed for all 

four subjects in the S+ prompting condition by session. The maximum number of 

prompts per comparison stimulus is 15, and only Subjects 2 and 4 experienced the 

same total number of sessions. 
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Figure 4. The number of prompted comparison selections by type are displayed for all 

four subjects in the S- prompting condition by session. The maximum number of 

prompts per comparison stimulus is 15, and none of the subjects experienced the same 

total number of sessions. 
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Figure 5. Summary graphs for performance on training, symmetry, transitivity, and 

equivalence trials for Subject 1 in the S+ prompting condition. Each bar for all four 

graphs represents the proportion of correct responses for 5 blocks of trials, and the tick 

marks with labels identify a new session. The triangles connected by a line represent 

the percentage of training trials that were prompted. The line on each graph is at or 

around 90% correct. 
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Figure 6. Summary graphs for performance on training, symmetry, transitivity, and 

equivalence trials for Subject 2 in the S+ prompting condition. Each bar for all four 

graphs represents the proportion of correct responses for 5 blocks of trials, and the tick 

marks with labels identify a new session. The triangles connected by a line represent 

the percentage of training trials that were prompted. The line on each graph is at or 

around 90% correct. 
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Figure 7. Summary graphs for performance on training, symmetry, transitivity, and 

equivalence trials for Subject 3 in the S+ prompting condition. Each bar for all four 

graphs represents the proportion of correct responses for 5 blocks of trials, and the tick 

marks with labels identify a new session. The triangles connected by a line represent 

the percentage of training trials that were prompted. The line on each graph is at or 

around 90% correct. 
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Figure 8. Summary graphs for performance on training, symmetry, transitivity, and 

equivalence trials for Subject 4 in the S+ prompting condition. Each bar for all four 

graphs represents the proportion of correct responses for 5 blocks of trials, and the tick 

marks with labels identify a new session. The triangles connected by a line represent 

the percentage of training trials that were prompted. The line on each graph is at or 

around 90% correct. 
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Figure 9. Summary graphs for performance on training, symmetry, transitivity, and 

equivalence trials for Subject 5 in the S- prompting condition. Each bar for all four 

graphs represents the proportion of correct responses for 5 blocks of trials, and the tick 

marks with labels identify a new session. The triangles connected by a line represent 

the percentage of training trials that were prompted. The line on each graph is at or 

around 90% correct. 
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Figure 10. Summary graphs for performance on training, symmetry, transitivity, and 

equivalence trials for Subject 8 in the S- prompting condition. Each bar for all four 

graphs represents the proportion of correct responses for 5 blocks of trials, and the tick 

marks with labels identify a new session. The triangles connected by a line represent 

the percentage of training trials that were prompted. The line on each graph is at or 

around 90% correct. 
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Figure 11. Summary graphs for performance on training, symmetry, transitivity, and 

equivalence trials for Subject 18 in the S- prompting condition. Each bar for all four 

graphs represents the proportion of correct responses for 5 blocks of trials, and the tick 

marks with labels identify a new session. The triangles connected by a line represent 

the percentage of training trials that were prompted. The line on each graph is at or 

around 90% correct. 
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Figure 12. Summary graphs for performance on training, symmetry, transitivity, and 

equivalence trials for Subject 19 in the S- prompting condition. Each bar for all four 

graphs represents the proportion of correct responses for 5 blocks of trials, and the tick 

marks with labels identify a new session. The triangles connected by a line represent 

the percentage of training trials that were prompted. The line on each graph is at or 

around 90% correct. 
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S1 Total Responses out of 15 to Comparison Stimuli for Session 1 
 Comparison        
Sample A1 A2 A3 B1 B2 B3 C1 C2 C3 

A1    15   13 2  
A2     15   13 2 
A3      12 5 1 9 
B1 7  8    14 1  
B2  15      15  
B3  3 12    1 1 13 
C1 13  2 15      
C2  14 1 1 14     
C3  7 8  7 8    

 
 

S1 Total Responses out of 15 to Comparison Stimuli for Session 2 
 Comparison        
Sample A1 A2 A3 B1 B2 B3 C1 C2 C3 

A1    15   15   
A2     15   15  
A3      15   15 
B1 15      15   
B2  15      15  
B3   15      15 
C1 15   15      
C2  15   15     
C3   15   15    

 
Figure 13. The possible total amount of responses in each cell is 15. The total number 

of responses in the table is 270. It was not possible for any responses to occur in cells 

with the same alpha designation across all three classes because reflexivity was not 

tested. For example, no A stimuli were the comparisons for A sample stimuli. The 

shaded boxes indicate experimenter-determined correct sample-comparison stimulus 

combinations. 
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S2 Total Responses out of 15 to Comparison Stimuli for Session 1 
 Comparison        
Sample A1 A2 A3 B1 B2 B3 C1 C2 C3 

A1    12 2 1 3 9 3 
A2    2 5 8 4 5 6 
A3    1  14 4 3 8 
B1 10 5     8 1 6 
B2 4 9 2    1 11 3 
B3 1 6 8    9 1 5 
C1 5 7 3 7 6 2    
C2 4 3 8  14 1    
C3 7 5 3 2 6 7    

 
 

S2 Total Responses out of 15 to Comparison Stimuli for Session 6 
 Comparison        
Sample A1 A2 A3 B1 B2 B3 C1 C2 C3 

A1    15    15  
A2     15    15 
A3      15 8 3 4 
B1 15      15   
B2  15      15  
B3   15      15 
C1 1 1 13 15      
C2 15    15     
C3  13 2   15    

 
Figure 14. The possible total amount of responses in each cell is 15. The total number 

of responses in the table is 270. It was not possible for any responses to occur in cells 

with the same alpha designation across all three classes because reflexivity was not 

tested. For example, no A stimuli were the comparisons for A sample stimuli. The 

shaded boxes indicate experimenter-determined correct sample-comparison stimulus 

combinations. 
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S3 Total Responses out of 15 to Comparison Stimuli for Session 1 
 Comparison        
Sample A1 A2 A3 B1 B2 B3 C1 C2 C3 

A1    15   6 6 3 
A2     15  1 8 6 
A3      15 2  13 
B1 13 2     15   
B2 5 7 3     15  
B3 1 1 13     1 14 
C1 9 3 3 9 4 2    
C2 7 7 1 5 8 2    
C3 4  11  1 14    

 
 

S3 Total Responses out of 6 to Comparison Stimuli for Session 5 
 Comparison        
Sample A1 A2 A3 B1 B2 B3 C1 C2 C3 

A1    6   6   
A2     6   6  
A3      6   6 
B1 6      6   
B2  6      6  
B3   6      6 
C1 6   6      
C2  6   6     
C3   6   6    

 
Figure 15. The possible total amount of responses in each cell is 15 for the first session 

and six for the fifth session. The total number of responses in the table is 270 for the 

first session and 108 for the fifth session. It was not possible for any responses to occur 

in cells with the same alpha designation across all three classes because reflexivity was 

not tested. For example, no A stimuli were the comparisons for A sample stimuli. The 

shaded boxes indicate experimenter-determined correct sample-comparison stimulus 

combinations. 
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S4 Total Responses out of 15 to Comparison Stimuli for Session 1 
 Comparison        
Sample A1 A2 A3 B1 B2 B3 C1 C2 C3 

A1    9 6   15  
A2    6 9  13 2  
A3      15 1 1 13 
B1 2 13     13 1 1 
B2 14 1      15  
B3 2  13     1 14 
C1  15  15      
C2 6 9  6 9     
C3  8 7 9  6    

 
 

S4 Total Responses out of 15 to Comparison Stimuli for Session 6 
 Comparison        
Sample A1 A2 A3 B1 B2 B3 C1 C2 C3 

A1    15    15  
A2     15  13 2  
A3      15   15 
B1 15      11 4  
B2  15      15  
B3   15      15 
C1  15  15      
C2 15   5 10     
C3   15   15    

 
Figure 16. The possible total amount of responses in each cell is 15. The total number 

of responses in the table is 270. It was not possible for any responses to occur in cells 

with the same alpha designation across all three classes because reflexivity was not 

tested. For example, no B stimuli were the comparisons for B sample stimuli. The 

shaded boxes indicate experimenter-determined correct sample-comparison stimulus 

combinations. 
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S5 Total Responses out of 15 to Comparison Stimuli for Session 1 
 Comparison        
Sample A1 A2 A3 B1 B2 B3 C1 C2 C3 

A1    15   12 2 1 
A2     15  3 12  
A3    1  14 1 1 13 
B1 13  2    15   
B2 1 14     3 12  
B3  2 13      15 
C1 13 2  12 2 1    
C2 4 10 1 1 11 3    
C3  2 13   15    

 
 

S5 Total Responses out of 15 to Comparison Stimuli for Session 2 
 Comparison        
Sample A1 A2 A3 B1 B2 B3 C1 C2 C3 

A1    15   15   
A2     15   15  
A3      15   15 
B1 15      15   
B2  15      15  
B3   15      15 
C1 13 2  15      
C2  15   15     
C3   15   15    

 
Figure 17. The possible total amount of responses in each cell is 15. The total number 

of responses in the table is 270. It was not possible for any responses to occur in cells 

with the same alpha designation across all three classes because reflexivity was not 

tested. For example, no A stimuli were the comparisons for A sample stimuli. The 

shaded boxes indicate experimenter-determined correct sample-comparison stimulus 

combinations. 
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S8 Total Responses out of 15 to Comparison Stimuli for Session 1 
 Comparison        
Sample A1 A2 A3 B1 B2 B3 C1 C2 C3 

A1    13 1 1 10 1 4 
A2    2 11 2 3 2 10 
A3     1 14 14  1 
B1 9 3 3    13  2 
B2 2 8 5     15  
B3 3 1 11    3 2 10 
C1 2 5 8 11 3 1    
C2 6 7 2  14 1    
C3 2 11 2 2 9 4    

 
 

S8 Total Responses out of 15 to Comparison Stimuli for Session 6 
 Comparison        
Sample A1 A2 A3 B1 B2 B3 C1 C2 C3 

A1    15   7 3 5 
A2     15    15 
A3      15 12  3 
B1 15      15   
B2 1 14      15  
B3   15      15 
C1 2 2 11 15      
C2 5 4 6  15     
C3  15   2 13    

 
Figure 18. The possible total amount of responses in each cell is 15. The total number 

of responses in the table is 270. It was not possible for any responses to occur in cells 

with the same alpha designation across all three classes because reflexivity was not 

tested. For example, no C stimuli were the comparisons for C sample stimuli. The 

shaded boxes indicate experimenter-determined correct sample-comparison stimulus 

combinations. 
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S18 Total Responses out of 15 to Comparison Stimuli for Session 1 
 Comparison        
Sample A1 A2 A3 B1 B2 B3 C1 C2 C3 

A1    14 1  3 8 4 
A2    1 10 4 6 2 7 
A3    2  13 11 2 2 
B1 7 4 4    8 6 1 
B2 6 7 2     12 3 
B3 4 9 2    1 1 13 
C1 2 3 10 1 5 9    
C2 7 6 2 9 2 4    
C3 5 5 5 4 2 9    

 
 

S18 Total Responses out of 15 to Comparison Stimuli for Session 9 
 Comparison        
Sample A1 A2 A3 B1 B2 B3 C1 C2 C3 

A1    8  7 2 5 8 
A2    8 1 6 3 2 10 
A3    4 1 10 6 6 3 
B1 2 12 1    2 5 8 
B2 4 10 1    1 1 13 
B3 4 11     4 3 8 
C1 2 6 7 2 1 12    
C2 2 9 4 9  6    
C3 6 9  6 1 8    

 
Figure 19. The possible total amount of responses in each cell is 15. The total number 

of responses in the table is 270. It was not possible for any responses to occur in cells 

with the same alpha designation across all three classes because reflexivity was not 

tested. For example, no A stimuli were the comparisons for A sample stimuli. The 

shaded boxes indicate experimenter-determined correct sample-comparison stimulus 

combinations. 
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S19 Total Responses out of 15 to Comparison Stimuli for Session 1 
 Comparison        
Sample A1 A2 A3 B1 B2 B3 C1 C2 C3 

A1    15   10 1 4 
A2    1 13 1 1 2 12 
A3    1 1 13 2 11 2 
B1 13 1 1    8 6 1 
B2 1 10 4     8 7 
B3  4 11     3 12 
C1 7 3 5 4 4 7    
C2 1 2 12  7 8    
C3 2 12 1 1 11 3    

 
 

S19 Total Responses out of 15 to Comparison Stimuli for Session 5 
 Comparison        
Sample A1 A2 A3 B1 B2 B3 C1 C2 C3 

A1    15   15   
A2     15   15  
A3      15   15 
B1   15    15   
B2 15       15  
B3  15       15 
C1   15   15    
C2 15   14 1     
C3  15   15     

 
Figure 20. The possible total amount of responses in each cell is 15. The total number 

of responses in the table is 270. It was not possible for any responses to occur in cells 

with the same alpha designation across all three classes because reflexivity was not 

tested. For example, no C stimuli were the comparisons for C sample stimuli. The 

shaded boxes indicate experimenter-determined correct sample-comparison stimulus 

combinations. 
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Figure A21. Stimulus classes by subject. The number designates the stimulus class, 

and the letter designates the particular stimulus. No subjects experienced the same 

stimulus classes. 

 
 
 

 
  

Subject 1 Subject 2 Subject 3 Subject 4
A1  A1  A1  A1 
B1  B1  B1  B1 
C1  C1  C1  C1 
A2  A2  A2  A2 
B2  B2  B2  B2 
C2  C2  C2  C2 
A3  A3  A3  A3 
B3  B3  B3  B3 
C3  C3  C3  C3 

Subject 5 Subject 8 Subject 18 Subject 19
A1  A1  A1  A1 
B1  B1  B1  B1 
C1  C1  C1  C1 
A2  A2  A2  A2 
B2  B2  B2  B2 
C2  C2  C2  C2 
A3  A3  A3  A3 
B3  B3  B3  B3 

C3  C3  C3  C3 
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Circle which figures you think go together. Don’t worry if you don’t use all of the figures. 
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