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The experimenter asked if documented equivalence class membership would 

influence the development of shared discriminative stimulus function established 

through simple successive discrimination training. In Experiment 1, equivalence classes 

were established with two sets of 9 stimuli. Common stimulus functions were then 

trained within or across the equivalence classes. Greater acquisition rates of the simple 

discriminations with stimuli drawn from within the equivalence classes were observed.  

In Experiment 2, a third stimulus set was added with which no equivalence relations 

were explicitly trained. The findings of Experiment 1 were replicated, but the Set 3 

results were inconsistent across subjects. The outcomes of the two experiments 

demonstrate that equivalence classes have an effect on other behavioral relations 

which requires further investigation. 
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INTRODUCTION 
 

In behavior analytic terminology, a stimulus equivalence class refers to a set of 

stimuli which have come to be related by virtue of their mutual participation in multiple, 

interrelated reinforcement contingencies (Sidman, 2000). Typically, conditional 

discrimination procedures are used to establish conditional relations among physically 

dissimilar stimuli. For example, in one conditional discrimination contingency, selection 

of the stimulus B1, B2, or B3 is reinforced in the presence of stimulus A1, A2, or A3, 

respectively. All other conditional relations are either explicitly punished or selectively 

extinguished. In another conditional discrimination contingency, selection of the stimulus 

C1, C2, or C3 is reinforced in the presence of the stimulus B1,B2, or B3, respectively. 

Once these conditional discriminations are established, unreinforced probe trials assess 

whether the trained conditional relations are reversible and recombinative. A stimulus 

equivalence class, then, is formally defined in terms of positive results on the 

unreinforced conditional discrimination probe trials testing for emergent symmetrical (B-

A, B-C), transitive (A-C), and equivalence (C-A) relations among the stimuli (Sidman & 

Tailby, 1982). 

The emergence of many untrained conditional relations following the training of a 

few baseline conditional relations has fascinated behavioral researchers for a number of 

decades (see Hayes & Hayes, 1992; Horne & Lowe, 1996; Sidman, 1971). Laboratory 

findings have led researchers to implicate equivalence relations in a wide array of 

socially relevant behavioral phenomena that have traditionally been the domain of 

cognitive science, including logical induction (Sidman, 1994), categorization and 
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symbolism (Hayes, 1992; Sidman, 1994), psychopathology (Barnes-Holmes, Barnes-

Holmes, & Smeets, 2004), and verbal behavior (Hayes & Hayes, 1992; Horne & Lowe, 

1996; Sidman, 1994).  

Sidman (1994, 2000) suggested that contingencies of reinforcement are 

responsible for the development of equivalence classes. Specifically, Sidman (1994, 

2000) suggested that contingencies of reinforcement give rise to the familiar analytic 

units such as the discriminated operant but also give rise to equivalence relations 

among all positive elements of a contingency of reinforcement. This formulation 

suggests that responses and reinforcers are also included in the equivalence class and 

leads to the prediction that a larger array of training circumstances can lead to 

equivalence relations among stimuli than have been considered before. Although 

Sidman’s theory suggests that stimuli may come to be related via equivalence in many 

different ways and be measured by a broad set of behavioral assays, typical 

equivalence preparations still predominantly involve conditional discrimination 

procedures (cf., Sidman and Tailby, 1982, Sidman 1994).  

There have been some attempts in recent years to ascertain whether 

nontraditional preparations can produce equivalence-like outcomes. For example, 

Lender, Barnes, and Smeets (1996) have shown that repeatedly presenting pairs of 

stimuli can be sufficient to produce equivalence-consistent outcomes when those stimuli 

are involved in unreinforced conditional discrimination trials. Other researchers have 

shown that contingencies less complex than conditional discriminations can suffice to 

produce equivalence relations among stimuli.  For example, several experiments at the 

University of North Texas (Kassif-Weiss, 2005; Maciver, 2004; Vaidya & Eiliefsen, in 
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prep) have found that stimuli that share a common stimulus function (e.g., S+ or S-) 

may enter into equivalence relations as evidenced by performance on documented in 

unreinforced conditional discrimination probes. Vaidya & EIliefsen, for example, trained 

subjects to emit common vocal responses in the presence of sets of stimuli and found 

that the stimuli that were discriminative for the same response also became 

interchangeable in the context of a conditional discrimination procedure. 

Tyndall, Roche, and James (2004) reported that establishing different 

discriminative functions for stimuli had an adverse effect on the organization of those 

stimuli in new equivalence classes relative to stimuli with the same discriminative 

functions. Subjects were trained on a two-choice simple simultaneous discrimination 

task with twelve stimuli, where responding to one stimulus always resulted in 

reinforcement (S+) and the other in extinction (S-). The subjects were then exposed to 

baseline conditional discrimination training and then equivalence testing with either 

stimuli that shared the same function (either S+ or S-) or with stimuli that served both 

functions (both S+ and S-). The experimenters found that, when compared across 

subjects, both the acquisition of baseline relations and emergence of the derived 

relations during equivalence testing required the greatest number of trials when the 

previously trained stimulus functions.   

There is considerable empirical support for the notion that three term 

contingencies can suffice to produce equivalence relations among stimuli that 

participate in common contingencies. In the current study, it was asked if documented 

equivalence class membership would influence the development of shared 

discriminative stimulus functions. In particular, would common stimulus functions be 
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acquired faster if the stimuli were drawn from within an equivalence class?  Conversely, 

would the acquisition of common stimulus functions be retarded if the stimuli were 

drawn from across different equivalence classes? Answers to questions such as these 

can help expand understanding of the conditions that give rise to equivalence relations 

and also help illuminate how equivalence relations may participate in the development 

of more basic analytic units. 
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EXPERIMENT 1 

 

Method 

Subjects 

One graduate and five undergraduate students at the University of North Texas 

served as subjects. One male and 5 females participated, with ages ranging from 21 to 

41 and a mean age of 26. Subjects were recruited via flyers posted around campus and 

were selected on the basis of their availability and naïveté with respect to the terms and 

concepts of the literature on stimulus equivalence as indicated by self-reports on an 

application form. Prior to the first session, subjects were asked by the experimenter 

whether they had any extensive history with the Greek letters that served as 

experimental stimuli and those that did were excluded from further participation. 

Subjects received $2.00 at the end of each session and accumulated $0.02 per correct 

response which was delivered contingent upon completion of the study. The subjects 

earned an average of $21.56 over an average of 3.5 hours, or approximately $6.16 per 

hour.  

Setting and Apparatus 

Sessions were conducted in a small room in a suite of offices allocated to the 

Department of Behavior Analysis. The room was approximately 2 m by 3 m, and was 

equipped with a chair, desk, and a Macintosh laptop computer equipped with a USB 

mouse and a standard USB external keyboard with a ten-key number pad. Custom 

written software (MTS version 11.6.7, Dube & Hiris, 1991) presented stimuli, recorded 

responses, and managed the experimental contingencies. Responses were made with 

a computer mouse (for conditional discrimination training and testing) and on the 
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number pad of the peripheral keyboard (for the simple successive discrimination 

training).  

Procedure 

Experiment 1 consisted of two distinct phases. Phase 1 established the 

prerequisite baseline conditional discriminations and probed for the development of 

derived conditional relations consistent with the definitional requirements of stimulus 

equivalence classes. Phase 2 trained simple successive discriminations in such a 

manner that common stimulus functions were programmed either within or across 

documented equivalence classes (described in detail below).  A session consisted of 8 

to 32 blocks of trials, depending on the participant’s performance. 

Baseline Training 

This part of Phase 1 trained the prerequisite conditional discriminations for the 

development of two sets of three, three-member equivalence classes. Specifically, 18 

Greek and mathematical symbols were divided into six putative equivalence classes 

such that there were two non-overlapping sets of three, three-member classes, 

hereafter referred to as Set 1 and Set 2 (see Figure 1).  The assignment of individual 

stimuli to a particular set or class was random and individually determined for each 

subject.  

The following instructions were presented on the screen immediately prior to the 

beginning of the first trial of the first session:  "In this portion of the experiment, you will 

use the mouse to respond to stimuli.  You will receive feedback on your responses. 

Please do not use the keyboard. When you are ready to begin, click 'continue.'" 
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A trial began with the presentation of a sample stimulus in the vertical and 

horizontal center of the screen. A single mouse click on the sample stimulus produced 

an array of three comparison stimuli randomly distributed in any three of the four 

corners of the screen. The position of each comparison stimulus, as well as the blank 

position, was randomly determined. A single mouse click on the experimenter-

designated correct comparison stimulus produced the word "Correct" on the screen for 

1 s accompanied by two short tones. Selection of the incorrect comparison stimulus 

produced a white screen with no accompanying sound for 1 s. Either consequence was 

followed by a 1.5 s intertrial interval (ITI) during which the screen was dark. 

Establishing the prerequisites for three, three-member classes involves training 

six conditional relations: A1-B1; A2-B2; A3-B3; B1-C1; B2-C2; and B3-C3. In the current 

experiment, four repetitions of each of these six trial types (or 24 trials) comprised one 

trial block. Trials within a block were presented pseudorandomly, with the provision that 

same trial type not be presented consecutively. Each trial block ended with the 

instruction: "You may now take a short break if you wish. Please do not leave the room. 

 Click 'Continue' when you're ready to begin again." During the session, blocks of trials 

with Set 1 stimuli alternated with blocks of trials with Set 2 stimuli.  Training sessions 

continued until the participants’ accuracy exceeded 85% for each of the two sets for a 

minimum of 2 blocks. 

Equivalence Testing 

The following instructions appeared on the screen prior to the first trial in the 

testing session: "In the next portion of the experiment, you will NOT receive feedback on 
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your responses. You will still receive bonus money for correct answers at the end of the 

experiment. When you are ready to begin, click 'continue.'"   

As in the baseline training portion, testing trial blocks with Set 1 stimuli alternated 

with trial blocks with Set 2 stimuli. Two presentations of each training and testing trial 

type (or 36 trials) comprised a block of trials during testing. Specifically, test blocks 

presented 12 training trials (A-B, B-C), 12 symmetry trials (B-A, C-B), six transitivity 

trials (A-C), and six equivalence trials (C-A). No differential consequences were 

programmed following responding on any trial throughout the equivalence testing 

portion and trial blocks ended with the instruction: "You may now take a short break if 

you wish. Please do not leave the room.  Click 'Continue' when you're ready to begin 

again." Testing conditions ended when a participant’s performance was greater than 

85% correct for 2 consecutive trial blocks of each set. Participants who failed to meet 

this criterion after 5 blocks of each set were not allowed to proceed to Phase 2 of the 

study. 

Simple Successive Discrimination Training 

This phase sought to establish a simple discriminative function for each of the 

stimuli used in the first phase of the experiment. Within each set of nine stimuli (Set 1 or 

Set 2), subjects were taught to emit the same response in the presence of three 

different stimuli. For example, subjects were taught to press the 7 key in the presence of 

stimuli A1, B1, or C1 via differential reinforcement; pressing any other key in the 

presence of these stimuli produced a dark screen. In a similar manner, the other stimuli 

in the set were also correlated with reinforcement for specific responses. In Part 1, the 

groups of three stimuli correlated with reinforcement for the same response were also 
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members of the same equivalence class. These conditions were true for both Set 1 and 

Set 2 (see Figure 2).  

In Part 2 of Phase 2, the contingencies correlated with Set 1 stimuli were 

rearranged such that the same stimuli were now correlated with reinforcement for a 

different response. For example, the stimuli A1, B1, and C1 might now be correlated 

with reinforcement for pressing 3 instead of 7.  The contingencies correlated with Set 2 

stimuli were also rearranged.  For this set, however, the stimuli correlated with 

reinforcement for the same response came from different equivalence classes. For 

example, stimuli A4, A5, and A6 were correlated with reinforcement for pressing the 9 

key; any other key press in the presence of these stimuli produced no programmed 

consequence except a dark screen.  Figure 2 presents these details in a schematic. 

The following instruction was presented immediately prior to the first block of 

simple successive discrimination training trials: "In this portion of the experiment, only 

one stimulus will be presented at a time. You will use the number pad on the keyboard 

to make responses to stimuli. Your job will be to learn which number to press when 

each stimulus comes on the screen. You will receive feedback on your performance. As 

before, you will earn bonus money for responding correctly. When you are ready to 

begin, click 'continue.'"  

 A trial began with a single stimulus presented in the center of the screen. The 

order of trial presentations was random except for the provision that the same stimulus 

not be presented on more than two consecutive trials. A single key press on the 

operative keys on the 10-key number pad (marked with small red stickers) was required 

to end the current trial.  Each of the stimuli in a given set was presented three times in 
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one trial block (for a total of 27 trials). As in Phase 1, blocks of trials with Set 1 stimuli 

alternated with blocks of trials with Set 2 stimuli. Each block ended with the instruction: 

"You may now take a short break if you wish. Please do not leave the room.  Click 

'Continue' when you're ready to begin again." Each part of Phase 2 ended when a 

subject achieved 85% correct for at least one trial block with both stimulus sets. 

 

Results 

 Of the six subjects who began the study, only two (S46 and S50) met the 

accuracy criterion during equivalence testing to proceed to the simple successive 

discrimination training phase. No results will be presented for the subjects whose 

performance failed to meet the pre-established accuracy criterion. 

Baseline Relation Training 

S46 and S50 required 6 and 8 trial blocks of each set, respectively, to reach the 

85% accuracy criterion during baseline training. For S46, performance accuracy 

improved steadily for both sets of stimuli, although conditional discrimination of Set 1 

stimuli improved at a faster rate. S46’s performance with Set 1 stimuli met the accuracy 

criterion one trial block earlier than the performance with Set 2 stimuli. Due to a 

computer error, the first three trial blocks of each set for S50 were lost. However, S50’s 

performance accuracy, during the final four trial blocks for each set, was similar (+/- 4%) 

and improved at roughly the same rate. 

Equivalence Testing 

Figure 3 presents data from both participants’ performance on equivalence 

testing trials. S46’s performance was 100% accurate for both sets of stimuli across both 
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blocks of testing. S50’s accuracy on derived trial types involving Set 1 and Set 2 stimuli 

ranged between 94% - 97% and 89% - 97%, respectively. Due to a programming error, 

S50 was exposed to one additional trial block for each set after the subject met the 

accuracy criterion. 

Simple Successive Discrimination Training 

 Figure 4 presents each subject’s accuracy on the simple successive 

discrimination training trials as a function of trial block. The top row presents data from 

Part 1 of Phase 2 during which the contingencies for Set 1 and Set 2 stimuli taught 

simple discriminations that were consistent with the documented equivalence classes. 

S46’s and S50’s performance on the simple successive discrimination trials met 

criterion in 11 and 9 trial blocks, respectively. For S46, accuracy on simple 

discrimination trials increased gradually followed by a sudden change to highly accurate 

performance in the seventh block of trials. For S50, accuracy increased more rapidly but 

consistently across the first five blocks of trials. Due to a programming error, s50 was 

exposed to two additional trial blocks of each set after the subject met the accuracy 

criterion.  

The bottom row of Figure 4 presents data from Part 2 of Phase 2. In this part, 

common stimulus functions were established within equivalence classes for Set 1 

stimuli but across equivalence classes for Set 2 stimuli. The results show that 

successive discriminations involving Set 1 stimuli were acquired significantly faster than 

successive discriminations involving Set 2 stimuli. S46’s accuracy on trials with stimuli 

from Set 1 increased quickly, reaching 100% by the 3rd trial block. In contrast, 

performance accuracy on trials with stimuli from Set 2 reached 22% by the 3rd trial block 
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and reached 97% by the 9th trial block. S50’s performance with stimuli from Set 1 and 

Set 2 was similarly disparate. S50 achieved 100% accuracy with Set 1 stimuli by the 2nd 

block of trials.  In contrast, the same level of accuracy was achieved by the 9th  block of 

trials with Set 2 stimuli.  

 

Discussion 

 To begin, the results show that only two of the six subjects that began the study 

met the accuracy criterion on equivalence tests to proceed to Phase 2 of the 

experiment. The low incidence of equivalence class formation with these subjects may 

have been the result of a procedural factor. Fields and colleagues (1990) and Pilgrim 

and Galizeo (1990) have employed gradual reductions in reinforcement density prior to 

testing in order to facilitate equivalence class formation. In the current study, the 

reinforcement density underwent a sudden and substantive change. This procedural 

factor alone may account for the low probability of equivalence class formation. 

Experiment 2 programmed a gradual reduction in reinforcement density to address this 

potential problem.  

The study attempted to ascertain whether equivalence relations among stimuli 

would facilitate the development of common stimulus functions for those stimuli. In Part 

1 of Phase 2, both subjects acquired the simple discriminations of stimuli from Set 1 and 

Set 2 at approximately the same rate. These data suggest that there were no obvious 

differences in set or class configurations that led to a greater likelihood of acquisition of 

simple discriminative functions with either set. In Part 2 of Phase 2, both subjects 

acquired common stimulus functions faster when the stimuli were drawn from within 
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equivalence classes (see Set 1 performance) rather than across them (see Set 2 

performance). 

Although the differences in acquisition rate were apparent, the reasons for the 

differences are not. One possibility is that the observed acquisition rate differences were 

due to differences in the number and type of changes in the task requirements for Set 1 

and Set 2 stimuli. 

 In Part 1, training conditions arranged for three stimuli to set the occasion for a 

common response in both sets. In Part 2, the changes in contingencies differed in both 

number and content between Sets 1 and 2. For Set 1 stimuli, the common response for 

which the three stimuli set the occasion changed but the collection of three stimuli 

remained the same. For Set 2 stimuli on the other hand, the change in contingencies 

involved both a change in the response as well as a change in the three stimuli which 

set the occasion for the response. From Part 1 to Part 2, then, only one element of the 

discrimination was changed with Set 1 (the response), but two elements were changed 

with Set 2 (the response and the stimuli common to a response). It may have been that 

these changes in the simple discrimination training structure, irrespective of the 

equivalence classes established in Phase 1, were the source of differential rates of 

acquisition seen in Part 2 of Phase 2.  

A second obstacle to interpreting the results from this study was the inability to 

unequivocally determine whether the differentiation was due to an increased rate of 

acquisition with Set 1 stimuli (when training within equivalence classes) or due to a 

decreased rate of acquisition with Set 2 stimuli (when training across equivalence 

classes). 
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Figure 4 shows the rate of acquisition for stimuli from both sets in both parts. A 

comparison of performances with Set 2 stimuli during Parts 1 and 2 shows that 

acquisition rates were comparable – both subjects acquired the simple discriminations 

within ten trial blocks. A comparison of performances with Set 1 stimuli, however, show 

that acquisition of Set 1 stimuli was much faster during Part 2 than it was during Part 1. 

Comparing the rates of acquisition for Set 1 stimuli from Parts 1 and 2 suggests that the 

establishment of common stimulus functions was facilitated  when training within 

equivalence classes.  

 The converse assertion, however, cannot be made unequivocally. That is, the 

procedures from the current study do not allow us to identify whether acquisition was 

retarded as a function of training common discrimination functions for stimuli across 

equivalence classes. What is required is a third set of stimuli for which no explicit 

equivalence relations are established to serve as a comparison condition. A slower rate 

of acquisition with Set 2 stimuli compared to stimuli from this third set would suggest a 

retardation effect of equivalence relations. 
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EXPERIMENT 2 

Experiment 2 attempted to address some of the limitations of Experiment 1. One 

problem concerned the sudden change of reinforcement density during the transition 

from training to testing. In this study, reinforcement probability during baseline 

conditional discrimination training was gradually decreased before the testing phase 

was introduced (cf. Fields, et al., 1990; Pilgrim & Galizeo, 1990). A second problem was 

related to the inclusion of Part 1 in Phase 2 of Experiment 1. In order to minimize the 

effects of a prior training condition, subjects in Experiment 2 were exposed to the critical 

simple discrimination training phase immediately following equivalence testing. Finally, 

in an effort to identify whether both attenuating and facilitating effects of established 

equivalence relations would be observed, a third set of stimuli were added for which no 

conditional discriminations were explicitly trained. Rather, selection of any comparison 

stimulus on trials involving this set of stimuli was reinforced. It was anticipated that such 

training would fail to create the baseline conditions necessary for equivalence class 

formation. In such a case, a facilitative effect of equivalence relations should produce 

faster acquisition for Set 1 stimuli relative to Set 3 stimuli. Similarly, an attenuative effect 

of equivalence relations should produce slower acquisition for Set 2 stimuli relative to 

Set 3 stimuli 

Method 

Subjects 

Four female undergraduate students, ages 18-27 years with a mean age of 20.25 

years, participated in Experiment 2. The subjects earned an average of $46.66 over an 

average of 5.25 hours, or approximately $8.89 per hour. 
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Procedure 

Baseline Training 

The prerequisite conditional discriminations were trained with 27 Hiragana 

(Japanese symbols), divided into three sets of three, three member equivalence classes 

(see Figure 5). These stimuli were used in all phases and parts of Experiment 2. Blocks 

of trials alternated between Set 1, Set 2, and Set 3 stimuli. 

Training contingencies for trials involving stimuli from Sets 1 & 2 were identical to 

the contingencies arranged during Experiment 1. For trials involving stimuli from Set 3, 

the trials were identical to trials involving stimuli from Sets 1 & 2 except that the 

selection of any comparison stimulus was nondifferentially reinforced. Each Set 3 

comparison selection was counted as correct regardless of the sample stimulus. The 

probability of reinforcement for correct comparison choices was reduced from 100% to 

50%, then 25%, and then 0% whenever the subject’s performance accuracy met or 

exceeded 85% on two consecutive trial blocks with Set 1 and Set 2. Failure to meet the 

accuracy criterion for four consecutive blocks with either set resulted in a return to the 

previous step. Equivalence testing began once a subject’s performance exceeded 85% 

correct with 0% probability of reinforcement for one trial block of each set. 

Equivalence Testing 

Equivalence testing proceeded as in Experiment 1, but with the three sets of 

stimuli instead of two.  Blocks of trials alternated between Set 1, Set 2, and Set 3 

stimuli. Testing conditions ended when a participant’s performance was greater than or 

equal to 85% correct for 2 consecutive trial blocks of Set 1 and of Set 2. A failure to 
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meet or exceed accuracy criteria in four blocks of equivalence testing trials resulted in a 

return to training followed by another test for equivalence. 

Simple Successive  Discrimination Training 

The simple successive discrimination training phase was identical to Part 2 of 

Phase 2 in Experiment 1. That is, common functions were established either for stimuli 

within equivalence classes (Set 1) or for stimuli across equivalence classes (Set 2). In 

addition, common functions were also explicitly established for stimuli in a third set. With 

Set 3, the contingencies could not be arranged with respect to equivalence classes, as 

none were explicitly trained. Instead, each group of three stimuli correlated with 

reinforcement for the same response contained one stimulus that had only served as a 

sample during baseline training, one that had only served as a comparison, and one 

that had served as both. Figure 6 presents the details in tabular form.   

Participants responded on sixteen keys marked with gold stickers in the center of 

the laptop keyboard, although responses to only nine of the keys were ever reinforced. 

The seven additional keys were provided to prevent responding via exclusion). For 

S101, S102, and S103 training continued until the subject achieved 85% correct for at 

least one trial block with two stimulus sets. For S104, training was terminated after 28 

trial blocks of each stimulus set (please see below). 

 

Results 

Baseline Training 

All four subjects acquired the baseline relations in 12-29 trial blocks. Specifically, 

S101, S102, S103, and S104 met criterion in 12, 17, 14, and 29 trial blocks, 
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respectively. Three of the four subjects also cycled through the gradual reduction in 

reinforcement probability in the minimum number of allowed trial blocks.  Following the 

initial transition from 100% reinforcement probability to 50%, S104 failed to meet the 

accuracy criterion after four trial blocks of each set. The subject was then returned to 

100% reinforcement probability until the accuracy criterion was met again. S104’s 

performance then met criterion to progress through the density reduction in the 

minimum number of allowed blocks.  

Figures 7 through 10 present cumulative selection frequencies for each 

comparison stimulus for each trial type for all subjects. Each graph displays the number 

of times a comparison was selected in the presence of the designated sample during 

consecutive trial blocks.   

These graphs show that, with Sets 1 and 2, subjects learned the majority of the 

conditional discriminations early in training, with several exceptions where errors 

frequently occurred until late in training. Typically, these errors were characterized by 

the selection of a single incorrect comparison regularly until the middle to latter half of 

training.  The following conditional discriminations were the exception for each subject:  

Set 1 A3-B3 and Set 2 B3-C3 for S101; Set 1 A2-B3 and B1-C1, and Set 2 A2-B2 and 

B1-C1 for S102; Set 1 B2-C2 and B3-C3, and Set 2 A2-B2 for S103; Set 1 A3-B3 and 

B2-C2, and Set 2 A2-B2 and A3-C3 for S104.  

Performance on trials with Set 3 stimuli varied across subjects. Two subjects 

(S102, S103) began making consistent comparison-stimulus choices given certain 

sample stimuli in the absence of differential reinforcement. For those two subjects, the 

following conditional discriminations appear to have emerged in Set 3: for S102, A2-B2, 
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A1-B3, B1-C3, B2-C2, and B3-C2; for S103, A1-B3, A2-B2, B1-C1, and B2-C3. There 

was little evidence of such regular choices in the remaining two subjects’ (S101, S104) 

baseline performance, although s104 did consistently select several comparisons more 

frequently than others. Specifically, B3 was selected in the presence of A1, A2 and A3, 

C2 was selected in the presence of B1, and C1 was selected in the presence of B2 and 

B3.  

Equivalence Testing 

Figure 11 presents the percent of conditional discrimination trials with correct 

responses for all subjects during equivalence testing for Sets 1 & 2. Set 3 performances 

are absent from Figure 11. As no conditional discriminations were explicitly taught with 

Set 3, any attempt to characterize Set 3 equivalence testing performance with regard to 

a pre-established accuracy criterion would be meaningless.   

Three of the four subjects eventually met the equivalence testing 85% accuracy 

criterion for Sets 1 and 2. S101, S102, and S103 met the accuracy criterion within the 

first two trial blocks of each set. Accuracy for S101 was at 100% for all trial blocks 

except one with Set 1 at 97%. For S102, accuracy was between 86% and 92% for Set 1 

and at 100% for both trial blocks of Set 2. S103’s accuracy varied between 94% and 

100% across both sets. 

 Accuracy for S104 varied between 64% and 83% across both sets, with slightly 

lower overall accuracy with Set 1 and no distinguishable upward or downward trend in 

the performance with either set of stimuli. S104 failed to meet the accuracy criterion 

within the first four trial blocks of equivalence testing and was re-exposed to baseline 

training conditions with 0% reinforcement probability for each set for one trial block. The 
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subject’s performance immediately exceeded the accuracy criterion (> 85% correct for 

one trial block)  and the subject was transitioned back to equivalence testing where 

performance once again fell short of the accuracy criterion. At this point, the subject had 

participated in a combined total 33 trial blocks for each stimulus set with baseline 

relation training and equivalence testing, which was 14 to 19 trial blocks greater than 

any other participant. Given that there were no observable increase in accuracy across 

all 5 equivalence testing trials blocks for each stimulus set, the experimenter decided to 

transition the subject to Phase 2 of the experiment despite the failure to meet the 

accuracy criterion on equivalence testing trials.   

Figures 12 through 15 display summaries of participants’ equivalence testing 

performance in a grid format. Sample stimuli are arrayed along the y-axis , and 

comparison stimuli are array along the x-axis. Each cell within the grid represents the 

total comparison selections in the presence of the corresponding sample. For instance, 

S101 selected the comparison A3 in the presence of the sample B1 twice in Set 3 

during the totality of equivalence testing. The bottom most row of each grid indicates the 

total number of times each comparison was selected across all sample presentations. 

Comparison selections in the presence of a particular stimulus which occurred for more 

than 75% of the total opportunities are highlighted in gray.  For Sets 1 and 2, the 

comparison selections which are consistent with the predefined equivalence classes are 

underlined. 

The purpose of the grids is to highlight any conditional discriminations which may 

have been inadvertently trained or superstitiously acquired. This is especially relevant to 
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Set 3, for which no accuracy assessment was possible. The grid also can serve to 

identify comparison selection biases.   

For the majority of the conditional discriminations across all subjects, Set 1 and 2 

performances were highly accurate. Exceptions can be observed with Set 1 for S102, 

where two of the expected conditional discriminations were not demonstrated (B1-A1 

and A1-C1), and with Sets 1 and 2 for S104, where eleven of the expected conditional 

discriminations were not observed (for Set 1, A2-B2, A3-B3, B2-C2, C1-A1, C2-A2, and 

C1-B1; for Set 2, A2-B2, A3-B3, A2-C2, B3-A3 and C3-A3). For S104, the majority of 

Set 1 errors consisted of a C1 comparison selection bias.  

With Set 3, examples of regular performance were observed with three of the 

four subjects, the exception being S104. Subjects S101, S102, S103 consistently 

selected comparisons conditionally given specific samples. The following  relations were 

observed: For S101, A1-B3, A3-B3, A3-C3, C1-A3, C2-A2 and C1-B2; for S102, A1-B3, 

A1-C1, A3-B3, A3-C1, B1-A2, B2-A2, B3-A1, C1-C3, B2-C1, B3-C1, C1-A1, C1-B3, C2-

A1, C3-A2, and C3-B1; for S103, A1-B3, A1-C2, A2-B1, A2-C1, B1-A2, B1-C1, B2-A3, 

B2-C3, B3-A1, B3-C2, C1-A2, C1-B1, C2-A1, C2-B3, C3-A3, C3-B2. S103’s 

performance is particularly notable, in that the equivalence classes A1-B3-C2, and A2-

B1-C1 appear to have formed. 

Simple Successive Discrimination Training 

Figure 16 presents participants’ accuracy on the simple successive 

discrimination trials across trial blocks. For three out of four subjects, accuracy with Set 

1 improved at a greater rate than with Set 2, similar to the results observed in Part 2 of, 

Phase 2 of Experiment 1. In contrast, Set 3 performance was idiosyncratic across 
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subjects. The acquisition rate of Set 3 simple discriminations in relation to the 

acquisition rate of Set 1 and 2 simple discriminations varied with each subject. Each 

subject’s performance is described in more detail below.  

For S101, S103 and S104, Set 1 accuracy improved at a greater rate than Set 2 

across consecutive trial block. For S102, accuracy improved gradually and at 

approximately the same rate across all three sets The relation between Set 3 accuracy 

and Sets 1 and 2 accuracy varied across all other participants. For S101, Set 3 

accuracy improved at a rate between Set 1 and 2. For S103, Set 3 accuracy improved 

more slowly than Set 1 or 2. For S104, Set 3 accuracy improved more slowly than Set 1 

or 2 during the first four trial block cycles, but improved more quickly than Set 1 or 2 for 

the last nine trial blocks of each set.  

 Due to a programming error, the final Set 3 trial block never occurred for S101. 

Simple successive discrimination training was terminated for S101 when Set 1 and 2 

accuracies reached 89% and 85% on the 10th trial blocks. For S102 and S103, training 

was terminated when accuracy reached 100% with all three stimulus sets on the 10th 

and 9th trial blocks, respectively. Training for S104 was terminated after 28 trial blocks, 

when the maximum accuracy for Sets 1, 2 and 3 had reached 81%, 84% and 100%.  

 

Discussion  

Three of the four subjects demonstrated differentiation in Set 1 and Set 2 simple 

discrimination acquisition rates.  Rates of learning the simple successive discriminations 

with common functions were consistently higher for stimuli within equivalence classes 

as compared to stimuli drawn from different equivalence classes. 
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As noted before, S104 failed to meet the accuracy criterion during equivalence 

testing. Figure 15 shows that S104 learned the majority, but not all, of the relations 

examined in equivalence testing. While the results of S104 must be interpreted 

cautiously, the relationship between S104’s performance with Set 1 and 2 stimuli during 

simple successive discrimination training was similar to those of S101 and S103. This 

would suggest that S104’s incomplete equivalence relations were sufficient to produce 

the learning rate differentiation in Phase 2. 

Set 3 was intended to be a control condition to assist in detection of relative 

facilitation or retardation of simple successive discrimination training based on the 

sharing of common functions either within or across equivalence classes. Subjects were 

exposed to Set 3 stimuli in a similar manner to those of Set 1 and 2, but without training 

equivalence relations. The results show that equivalence consistent responding was 

attenuated with this set of stimuli, but the resulting simple discrimination performance 

varied across all subjects. These idiosyncratic performances create difficulties in 

characterizing the performance with Sets 1 and 2 as being facilitated or retarded relative 

to performance with Set 3 stimuli.  

Three of the four subjects demonstrated consistent Set 3 sample-comparison 

relations during equivalence testing despite the absence of differential reinforcement, 

similar to findings in Harrison and Green (1999). Although no systematic effects of these 

relations were detected in simple successive discrimination training, they still may have 

exerted an influence. Without understanding the precise nature of that influence, or the 

source of the between-subject variance observed with Set 3 stimuli, interpretative 

comparisons of Set 3 versus Sets 1 and 2 performances cannot be made.  
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Future experiments that employ a condition similar to Set 3 should take 

precautions to ensure that the development of unplanned sample-comparison relations 

is minimized. This task may be notably difficult, given the results of Harrison and Green 

(1999), as well as the results presented here. One suggestion may be to reduce the 

initial reinforcement probability for responding in Set 3 from 100%. This change will 

decrease the probability that the same conditional relation is reinforced multiple times in 

a sequence of trials. Ultimately however, the utility of this proposal, as well as others, 

will rest on their empirical success.   
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GENERAL DISCUSSION 
 
 

These two experiments investigated the effects of documented equivalence 

classes on the learning of new simple successive discriminations, dependent upon 

whether the new functions were the same within or across equivalence classes. 

In Experiment 1, only two of six subjects demonstrated the expected emergent 

relations during equivalence testing. In contrast, three out of four subjects demonstrated 

these relations in Experiment 2. The observed differences may have been the result of 

the gradual reduction in reinforcement density during baseline conditional discrimination 

training instituted in Experiment 2. By reducing the reinforcement density gradually, the 

change from baseline conditional discrimination training to equivalence testing became 

less abrupt and may have facilitated the development of equivalence-consistent 

choices. 

 The results of Experiment 1 suggested that acquisition of the new simple 

successive discriminations was quicker when their functions were the same within 

equivalence classes rather than across them. This finding was replicated in Experiment 

2, with a caveat. In Experiment 1, Part 1 of simple successive discrimination training 

may have contributed to the differences observed in Part 2, as noted in the discussion 

Experiment 1. The difference in the number of trials required to meet the accuracy 

criterion on the simple discrimination task with Set 1 versus Set 2 stimuli was generally 

greater in Part 2 of Experiment 1 than in the only simple successive discrimination 

training phase of Experiment 2. While we must be cautious when making comparisons 

across different stimuli and subjects, these observations suggest that Part 1 of simple 

successive discrimination training in Experiment 1 may have enhanced the differences 
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observed in Part 2. Despite this possible interaction effect, the main effect of training 

within versus across equivalence classes is still apparent.  

Why might the observed effect occur?  These experiments can be interpreted 

from several theoretical standpoints. Consider the transfer of function account; after the 

formation of an equivalence class, the new functions of one member of the class would 

be expected to transfer to other members of the class. If the same function was 

simultaneously trained to all members of the class, one might expect facilitation of 

learning, as the transfer of function would be occurring alongside training. In contrast, 

interference of learning might be expected due to transfer of function if the functions 

were different. If a different function was trained to each member of an equivalence 

class,  one might expect each new function to transfer to other members, interfering 

with learning of the equivalence class. To illustrate the point, consider a three member 

equivalence class with stimuli A, B, and C. If function X is trained to stimulus A, the 

transfer of function account would predict transfer of X to B and C. However, if a second 

function, Y (which is incompatible with X), is simultaneously trained to stimulus B, then 

the transfer of function X to stimulus B may interfere with the learning of function Y to B.  

Sidman’s (2000) account of stimulus equivalence, provides a similar 

interpretation. According to this account, equivalence is a direct outcome of the 

reinforcement contingency. Responses and reinforcers may enter into the equivalence 

class, but should an equivalence relation come in conflict with the response-reinforcer 

relation, the conflicting equivalence relations must selectively drop out. Accordingly, the 

responses in the simple successive discrimination training may become members of the 

equivalence class. With Set 1, when the same stimulus function was being trained 
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within an equivalence class, only one new member was being added to each class. 

With Set 2, where the stimulus functions were trained across equivalence classes, there 

are two potential outcomes. In the first outcome, each equivalence class would gain 

three new members;  the new responses. As each response would be shared among all 

of the pre-existing equivalence classes, and hence come in conflict with current 

response-reinforcer relations, the responses would then drop out of  equivalence 

relations (see Sidman 1994, pg 410-414 for a discussion of all possible terms entering 

into the equivalence class before selectively dropping out). 

In the second outcome, new equivalence classes would form, comprising stimuli 

that share the same function. In such a scenario, Sidman’s account predicts that the 

previously established equivalence relations from earlier in the experiment may 

selectively drop out. In other words, only three equivalence class would survive the 

simple successive discrimination training procedure in Set 2: either the equivalence 

classes learned originally or the three established through the training of common 

functions for sets of Stimuli. The current experiments, for example, may have resulted in 

a change in the existing equivalence classes.  Unfortunately, no tests for equivalence 

were presented following the simple discrimination training precluding an assessment of 

this possibility. Future replications of these experiments should test these possibilities. 

The transfer of function interpretation would predict that the simple successive 

discrimination training with common functions within equivalence classes would occur 

faster than with non-equivalent stimuli, while training across equivalence classes would 

occur more slowly than with non-equivalent stimuli. Sidman’s (2000) account, however, 

does not make such clear cut predictions. Regardless of the appropriate interpretation, 
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an alternative method for studying the effects of neutral stimuli must be devised. As 

noted in the discussion of Experiment 2, any comparison selection unconditionally in 

Set 3 resulted in the formation of sample-comparison relations during equivalence 

testing for 3 out of 4 subjects. Changes to future experiments should be made in order 

to help control for this effect.  

The two experiments conducted here employed multiple sets of stimuli to 

examine  the differential effects of stimulus equivalence on other behavioral relations 

within subject. Future experiments may be facilitated by the use of quantitative analyses 

of differences between stimuli, such as those presented in Young, Wasserman, and 

Ellefson (2007). By analyzing the differences between sets of stimuli, care may be taken 

to maintain a specific degree of stimulus complexity. 

In conclusion, the results of these two experiments suggest that existing 

equivalence classes can have a significant effect on learning new simple 

discriminations, depending on how the new functions of the stimuli are arranged. By 

learning how to predict the effects of equivalence classes on the development of new 

behavioral relations, we may further our understanding of the nature of the equivalence 

relation, extend its generality, and enhance our ability to control behavior.  
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Set 1  Set 2 

A1 B1 C1  A1 B1 C1 

µ ε ∫  σ γ ℓ 

A2 B2 C2 A2 B2 C2 

Ψ ρ § λ π Ζ 

A3 B3 C3 A3 B3 C3 

Ω τ Χ ђ β Η 

Figure 1. Experiment 1 - Stimulus sets for S46. 
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Part 1 

Set 1   Set 2  

   Response     Response 

A1 B1 C1 Resp1  A1 B1 C1 Resp4 

A2 B2 C2 Resp2  A2 B2 C2 Resp5 

A3 B3 C3 Resp3  A3 B3 C3 Resp6 

 

Part 2 

     

   Response      

A1 B1 C1 Resp7  A1 B1 C1  

A2 B2 C2 Resp8  A2 B2 C2  

A3 B3 C3 Resp9  A3 B3 C2  

     Resp10 Resp11 Resp12 Response 

Figure 2. Experiment 1 - Response assignments for simple successive discrimination 

training. 
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Figure 3. Experiment 1 – Equivalence testing. 
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Figure 4. Experiment 1 – Simple successive discrimination training. 
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Set 1  Set 2  Set 3 

A1 B1 C1  A1 B1 C1  A1 B1 C1 

   
 

   
 

   

A2 B2 C2  A2 B2 C2  A2 B2 C2 

   
 

   
 

   

A3 B3 C3  A3 B3 C3  A3 B3 C3 

   
 

   
 

   

 

Figure 5. Experiment 2 - Stimulus sets for S101. 
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Set 1 

   Response 

A1 B1 C1 Resp1 

A2 B2 C2 Resp2 

A3 B3 C3 Resp3 

    

Set 2 

    

A1 B1 C1  

A2 B2 C2  

A3 B3 C3  

Resp4 Resp5 Resp6 Response 

 

Set 3 

   Response 

A1 B1 C1 Resp7 

A2 B2 C2 Resp8 

A3 B3 C3 Resp9 

Figure 6. Experiment 2 - Response assignments for simple successive discrimination 

training.
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Figure 7. Experiment 2 – S101 baseline training comparison selection cumulative 

record. For “A” samples, the closed circle, open circle, and triangles represent 

selections of B1, B2, and B3 comparisons, respectively, and C1, C2, and C3 for “B” 

samples. 
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Figure 8. Experiment 2 – S102 baseline training comparison selection cumulative 

record. For “A” samples, the closed circle, open circle, and triangles represent 

selections of B1, B2, and B3 comparisons, respectively, and C1, C2, and C3 for “B” 

samples. 
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Figure 9. Experiment 2 - S103 baseline training comparison selection cumulative 

record. For “A” samples, the closed circle, open circle, and triangles represent 

selections of B1, B2, and B3 comparisons, respectively, and C1, C2, and C3 for “B” 

samples. 
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Figure 10. Experiment 2 - S104 baseline training comparison selection cumulative 

record. For “A” samples, the closed circle, open circle, and triangles represent 

selections of B1, B2, and B3 comparisons, respectively, and C1, C2, and C3 for “B” 

samples. 
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Figure 11. Experiment 2 – Equivalence testing. 
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Set 1 

 A1 A2 A3 B1 B2 B3 C1 C2 C3 
A1    4 0 0 4 0 0 
A2    0 4 0 0 3 1 
A3    0 0 4 0 0 4 
B1 4 0 0    4 0 0 
B2 0 4 0    0 4 0 
B3 0 0 4    0 0 4 
C1 4 0 0 4 0 0    
C2 0 4 0 0 4 0    
C3 0 0 4 0 0 4    

          
Sum 8 8 8 8 8 8 8 7 9 

          
Set 2 

 A1 A2 A3 B1 B2 B3 C1 C2 C3 
A1    4 0 0 4 0 0 
A2    0 4 0 0 4 0 
A3    0 0 4 0 0 4 
B1 4 0 0    4 0 0 
B2 0 4 0    0 4 0 
B3 0 0 4    0 0 4 
C1 4 0 0 4 0 0    
C2 0 4 0 0 4 0    
C3 0 0 4 0 0 4    

          
Sum 8 8 8 8 8 8 8 8 8 

          
Set 3 

 A1 A2 A3 B1 B2 B3 C1 C2 C3 
A1    1 0 3 1 1 2 
A2    2 1 1 1 1 2 
A3    0 1 3 0 1 3 
B1 1 1 2    1 1 2 
B2 0 0 4    1 2 1 
B3 0 2 2    1 2 1 
C1 0 1 3 1 3 0    
C2 1 3 0 2 2 0    
C3 1 2 1 2 2 0    

          
Sum 3 9 12 8 9 7 5 8 11 

 

Figure 12. Experiment 2 – S101 comparison selection grid. 
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Set 1 

 A1 A2 A3 B1 B2 B3 C1 C2 C3 
A1    4 0 0 1 3 0 
A2    0 4 0 1 3 0 
A3    0 0 4 0 0 4 
B1 2 2 0    4 0 0 
B2 1 3 0    0 4 0 
B3 1 0 3    0 0 4 
C1 4 0 0 4 0 0    
C2 0 4 0 0 4 0    
C3 0 0 4 0 0 4    

          
Sum 8 9 7 8 8 8 6 10 8 

          
Set 2 

 A1 A2 A3 B1 B2 B3 C1 C2 C3 
A1    4 0 0 4 0 0 
A2    0 4 0 0 4 0 
A3    0 0 4 0 0 4 
B1 4 0 0    4 0 0 
B2 0 4 0    0 4 0 
B3 0 0 4    0 0 4 
C1 4 0 0 4 0 0    
C2 0 4 0 0 4 0    
C3 0 0 4 0 0 4    

          
Sum 8 8 8 8 8 8 8 8 8 

          
Set 3 

 A1 A2 A3 B1 B2 B3 C1 C2 C3 
A1    0 0 4 4 0 0 
A2    2 2 0 2 0 2 
A3    1 3 0 4 0 0 
B1 0 3 1    0 0 4 
B2 0 3 1    4 0 0 
B3 4 0 0    4 0 0 
C1 3 0 1 0 0 4    
C2 4 0 0 0 0 4    
C3 0 4 0 4 0 0    

          
Sum 11 10 3 7 5 12 18 0 6 

 

Figure 13. Experiment 2 – S102 comparison selection grid. 
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Set 1 

  A1 A2 A3 B1 B2 B3 C1 C2 C3 
A1       3 0 1 3 0 1 
A2       0 4 0 0 4 0 
A3       0 0 4 0 0 4 
B1 4 0 0       4 0 0 
B2 0 4 0       0 4 0 
B3 0 0 4       0 0 4 
C1 4 0 0 4 0 0       
C2 0 4 0 0 4 0       
C3 0 0 4 0 0 4       
                    
Sum 8 8 8 7 8 9 7 8 9 
          

Set 2 
  A1 A2 A3 B1 B2 B3 C1 C2 C3 
A1       4 0 0 4 0 0 
A2       0 4 0 0 4 0 
A3       0 1 3 0 0 4 
B1 4 0 0       4 0 0 
B2 0 4 0       0 4 0 
B3 0 0 4       0 0 4 
C1 4 0 0 4 0 0       
C2 0 4 0 0 4 0       
C3 0 0 4 0 0 4       
                    
Sum 8 8 8 8 9 7 8 8 8 
          

Set 3 
  A1 A2 A3 B1 B2 B3 C1 C2 C3 
A1       0 0 4 0 4 0 
A2       4 0 0 4 0 0 
A3       2 2 0 2 0 2 
B1 0 4 0       4 0 0 
B2 0 0 4       0 0 4 
B3 4 0 0       0 4 0 
C1 0 4 0 4 0 0       
C2 4 0 0 0 0 4       
C3 0 0 4 0 4 0       
                    
Sum 8 8 8 10 6 8 10 8 6 

 

Figure 14. Experiment 2 – S103 comparison selection grid. 
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Set 1 

 A1 A2 A3 B1 B2 B3 C1 C2 C3 
A1    10 0 0 10 0 0 
A2    1 9 0 8 2 0 
A3    0 2 8 10 0 0 
B1 10 0 0    10 0 0 
B2 0 10 0    6 4 0 
B3 1 1 8    0 0 10 
C1 4 3 3 0 10 0    
C2 0 6 4 0 8 2    
C3 0 0 10 0 0 10    

          
Sum 15 20 25 11 29 20 44 6 10 

          
Set 2 

 A1 A2 A3 B1 B2 B3 C1 C2 C3 
A1    10 0 0 9 0 1 
A2    0 5 5 6 1 3 
A3    0 5 5 0 0 10 
B1 10 0 0    10 0 0 
B2 0 10 0    0 10 0 
B3 2 7 1    0 0 10 
C1 10 0 0 10 0 0    
C2 1 8 1 0 10 0    
C3 2 0 8 1 4 5    

          
Sum 25 25 10 21 24 15 25 11 24 

          
Set 3 

 A1 A2 A3 B1 B2 B3 C1 C2 C3 
A1    2 5 3 2 5 3 
A2    1 5 4 3 5 2 
A3    3 4 3 2 3 5 
B1 3 3 4    4 4 2 
B2 3 5 2    4 4 2 
B3 3 3 4    5 2 3 
C1 2 5 3 4 2 4    
C2 4 4 2 5 4 1    
C3 7 1 2 5 3 2    

          
Sum 22 21 17 20 23 17 20 23 17 

 

Figure 15. Experiment  2 – S104 comparison selection grid. 
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Figure 16. Experiment  2 - Simple successive discrimination training. 
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