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Four college student subjects were trained to match graphic figures (A stimuli) to 

other figures (B stimuli), and then to match the B figures to numerals (C stimuli). Then 

in a test of application subjects answered simple math problems, presented as novel 

sample stimuli, by selecting one of the A figures, presented as comparisons. The 

application test was an analog for the academic task of answering math problems with 

newly learned Spanish number names. Three subjects performed accurately in the 

application test, which required the emergence of CA equivalence. All subjects 

demonstrated equivalence in test sessions after the application test. The study examined 

whether accuracy, fluency (rate of correct responding), practice, or stability of original 

relations performance corresponded to test accuracy. Accuracy, fluency, practice and 

stability corresponded to test accuracy for two subjects. Fluency corresponded to test 

accuracy for one subject, and stability corresponded to test accuracy for another subject. 
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INTRODUCTION 

Stimulus equivalence research as practiced by behavior analysts dates from 

Sidman's study in which reading skills were taught to a developmentally disabled 17-

year-old boy (Sidman, 1971). In a pretest prior to training, using a match-to-sample 

procedure, the boy reliably selected the correct picture from among three comparison 

stimuli when an auditory word was presented (A-to-B in Figure 1). Sidman then trained 

the boy to select the correct visual word when each of the same auditory words was 

presented (A-to-C in Figure 1). The subject then received a posttest. With no further 

training, given visual words as samples, the boy selected the correct picture comparisons 

(C-to-B in Figure 1). Also without training, given pictures as samples he selected the 

correct visual word comparisons (B-to-C in Figure 1). 

This early experiment demonstrated the untrained emergence of reading 

comprehension as two reciprocal relationships (C-B and B-C) between stimuli not 

associated with one another in training. These emergent relations appeared to result 

from two related conditional discriminations, the pre-existing A-B relations and the 

newly trained A-C relations. The procedure resulted in the equivalence for the subject of 

three formally dissimilar stimuli: an auditory word, a visual picture, and a visual word. 

The emergence of the CB and BC performances indicated that a set of A, B, and C 

stimuli had become interchangeable, or equivalent within the experimental setting. As 

Sidman pointed out, the emergence of untrained performance has important implications 

for educational technology, particularly with individuals for whom extensive training is 

required for each stimulus control relation. 



As his research program continued, Sidman's interests shifted from applied to 

basic research issues. A decisive step occurred with his investigation into what 

constitutes equivalence among a class of stimuli that have become related. He adopted 

the mathematical definition of equivalence, which requires that the properties of 

reflexivity, symmetry, and transitivity must be shown among the stimuli in the class 

(Sidman & Tailby, 1982). To explain what is meant by these three properties, it will be 

helpful first to describe a typical stimulus equivalence procedure, so as to clarify several 

terms and labeling conventions. Then we can describe how reflexivity, symmetry, and 

transitivity would be examined in that procedure. 

A stimulus equivalence procedure often involves three sets of visual stimuli such 

as written words. The A set might be the English words dog (stimulus A1), tree (A2), 

and car (A3). The B set might be the nonsense words vip (B1), gdk (B2), and nas (B3). 

The C set might be the Spanish words perro (CI), drbol (C2), and coche (C3). One 

member of each set is assigned to correspond to one member of each of the other two 

sets. In our example, dog (Al). vip (BP and perro CCD are planned to become 

equivalent to one another in the subject's repertoire. Similarly, A2, B2, and C2 are 

planned to become equivalent, as are A3, B3, and C3. 

Stimuli are sometimes presented to the subject manually, printed on cards or 

paper, but they are more often presented on computer screens. A session consists of a 

number of discrete trials in which a sample stimulus appears (for example, the written 

word dog) with two, three, or more comparison stimuli (such as the nonsense words vip, 

gok, and nas). Two commonly used arrays are shown in Figure 2. The sample appears 

by itself on the screen; when the subject touches the sample all comparison choices 

appear. When the subject selects one of the comparison stimuli, using a touch screen, 

computer mouse, or key, the trial ends. In a training session programmed events planned 



to function as reinforcers (point delivery, a tone, etc.) follow responses designated by the 

experimenter as correct. Early training sessions usually involve continuous 

reinforcement of every correct response (CRF), and later sessions usually provide for 

intermittent reinforcement on gradually thinned schedules until the subject is responding 

correctly and consistently in the absence of any programmed consequences. The 

stimulus relations thus trained are described as original relations (OR) in contrast to 

untrained emergent, or derived relations (DR) which occur in later testing sessions. 

One common practice is to train AB (A to B) and BC (B to C) as original 

relations, in contrast to the early Sidman experiment with AB and AC original relations. 

In training AB relations experimenters present three trial types: A1 as sample with B1, 

B2, and B3 as comparisons; A2 as sample with Bl, B2, and B3 as comparisons; and A3 

as sample with Bl, B2, and B3 as comparisons. The positions of the three comparison 

stimuli are varied each time they are presented. (See Figure 3.) 

A typical procedure might include a series of AB training sessions which 

continue until the subject reaches some criterion for accurate performance. The subject 

would next receive a similar series of BC training sessions, followed by sessions in 

which both AB and BC trial types occur. After training, testing sessions are conducted 

to see if untaught relations emerge, specifically those demonstrating reflexivity, 

symmetry, and transitivity. 

Such performance is called "emergent," or "derived," because those specific 

relations have never been trained. A test session designed to demonstrate emergent 

performance might include a mixture of original relations trials and probe trials for 

derived relations. Four types of probe trials test for the defining properties of 

equivalence, namely reflexivity, symmetry, and transitivity. In reflexivity trials, a 

sample stimulus may be matched with itself as one of the comparisons. For example, A2 



is presented with Al, A2, and A3 as comparisons. Reflexivity is demonstrated when the 

subject selects A2. In symmetry trials, stimuli presented in training as 

sample/comparison sets (AB or BC) are reversed with respect to their 

sample/comparison presentation. For example, B3 is presented with A1, A2, and A3 as 

comparisons. Symmetry is demonstrated when the subject selects A3. In transitivity 

trials, stimuli that had never been presented as sample/comparison sets (AC) but that had 

been presented in two sets with a common member (AB and BC) are presented as 

sample and comparison. For example, A3 is presented with C1, C2, and C3 as 

comparisons. Transitivity is demonstrated when the subject selects C3. If the trial 

presents C3 with Al, A2, and A3 as comparisons, selection of A3 demonstrates not only 

transitivity but also symmetry. Because it demonstrates symmetrical transitivity, and 

requires reflexivity, Sidman called this test the combined test for equivalence, or simply 

the equivalence test. 

Data are usually summarized by relation type over several possible equivalence 

classes. To illustrate, we can consider a procedure with three sets of three stimuli 

designated Al, A2, A3, Bl, B2, B3, CI, C2, and C3. Training would attempt to develop 

the equivalence classes A1B1C1, A2B2C2, and A3B3C3. For each planned class there 

are six possible relations (AB, BC, BA, CB, AC, CA). If AB and BC training results in 

equivalence, the other four relations emerge: BA and CB (symmetry), AC (transitivity), 

and CA ("equivalence"). Combined results for all three classes are usually reported by 

type of relation. For example, data for symmetry include six different relations of the 

symmetry type (B1A1, B2A2, B3A3, C1B1, C2B2, C3B3). If two equivalence classes 

had formed (A1B1C1 and A2B2C2) but one had not (A3B3C3), symmetry would be 

approximately 66% correct and would thus be reported as absent. This method of data 



analysis may under report the occurrence of equivalence class formation and possibly 

obscure the process. 

There have been many variations on this basic procedure. The training sequence 

could be AB and AC, with equivalence probes of BC and CB, as in the initial Sidman 

study described earlier. More than three sets of stimuli can be used (A, B, C, D, etc.) 

with the aim of forming equivalence classes of four or more stimuli. Stimuli may be 

novel, such as abstract graphic figures and nonsense "words," or they may be "familiar" 

or "useful," such as English or Spanish vocabulary words, pictures of objects, or 

numbers. One set of conditional relations may be pre-existing in the subject's repertoire, 

such as the auditory word- to- picture relations (AB) with Sidman's subject in the 

reading comprehension study (Sidman 1971). In such a case only one additional set 

(AC) needs to be trained prior to testing for equivalence. The stimuli need not all be 

visual; a combination of auditory, visual, and even tactile stimuli have been successfully 

used in stimulus equivalence procedures. 

There is one type of variation, however, that may be different enough to consider 

it to be another kind of conditional discrimination procedure. It occurs in some applied 

procedures when the subject makes a production response rather than selecting one pre-

existing stimulus from among several comparisons. The subject is presented with the 

sample stimulus but no comparisons: he/she must orally name the sample stimulus and 

produce the corresponding ("matching") auditory stimulus. This may be a 

fundamentally different process. In a conditional discrimination, or match-to-sample, 

procedure the response component is topographically and functionally the same from 

trial to trial: selecting (key press) followed by the programmed reinforcer (such as 

points). The same three comparison stimuli are presented in trial after trial, but the 

comparison designated as "correct" varies from trial to trial. The conditional stimulus (i. 



e., the sample) also changes from trial to trial and determines which of the comparison 

stimuli is "correct" for that trial. This is why Sidman described the trained and emergent 

performances as stimulus-stimulus relations rather than as stimulus-response relations as 

he had done in the earliest studies (Sidman, 1986). In order to have an equivalence class 

of interchangeable items, they must all be in the same category: stimuli that are 

functionally equivalent (despite formal dissimilarity), or responses that are functionally 

equivalent (despite topographical dissimilarity). 

In stimulus equivalence studies where oral naming or other production responses 

are involved, it is not customary to include such responses among the original and 

derived relations that demonstrate equivalence. For example, in the reading 

comprehension study Sidman (1971) also tested the subject's ability to orally name 

pictures and visual words. However, these oral names were responses evoked by the 

picture or visual word, rather than stimuli in a class of equivalent stimuli. The naming 

relations involve simple discriminations in a three-term contingency! discriminative 

stimulus (picture, or visual word) --> response (oral "dog") ~> reinforcement (point). In 

contrast, the stimulus-stimulus relations involve conditional discriminations in a four-

term contingency, conditional stimulus (visual word dog) --> discriminative stimulus 

(picture of dog) --> response (selection) --> reinforcement (point). The picture of a dog 

only functions as a discriminative stimulus for evoking the selection response when the 

visual word dog functions as a conditional stimulus. If a different conditional stimulus is 

present, such as the visual word tree, the picture of a dog loses its discriminative 

function. 

Sidman was clear about this distinction in the early experiment. The AB and AC 

relations (auditory-to-visual) could not be directly tested for symmetry since there was 

no practical way to select from among three auditory stimuli as comparisons. (Since that 



time, an ingenious preparation by Dube, Green, & Serna [1993] did provide for 

selection from among three auditory comparison stimuli without requiring a production 

response.) In his later writing Sidman (1994) entertained the possibility that stimuli and 

topographically distinct responses may, indeed, become members of the same 

equivalence class. Testing this would require presenting the response as sample, which 

would be a procedural challenge. It is possible that producing an auditory stimulus that 

matches a visual word sample stimulus may constitute a legitimate example of a 

symmetrical relation, or the response may require the symmetrical relation. Production 

responses such as object naming or oral reading are topographically complex, and are 

often more difficult to perform than selection responses. Furthermore, the sample 

stimulus functions as a simple discriminative stimulus for oral naming of a specific 

form, rather than as a conditional stimulus which alters the discriminative function of 

one comparison stimulus. Therefore, in discussing procedures and applications, this 

paper will maintain the convention that symmetry, transitivity, and equivalence relations 

involve selection from a set of comparison stimuli. 

Application studies using stimulus equivalence procedures. Sidman's early 

interest in practical applications of stimulus equivalence procedures has been followed 

up by a number of researchers. Three recent studies provide useful examples. Joyce, 

Joyce, and Wellington (1993) applied the stimulus equivalence procedure to an academic 

task in a rehabilitation setting, teaching Spanish vocabulary words to two adolescents 

with head injury. Cowley, Green, and Braunling-McMorrow (1992) used the procedure 

to develop name-face matching in three adults with head injury. Lynch and Cuvo (1995) 

used the stimulus equivalence procedure for a math task, fraction-decimal relations, in 

normal but academically deficient fifth and sixth grade students. All three studies used 

pretesting to determine which types of stimulus-stimulus relations were absent, or 
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deficient, in subjects' repertoires prior to training. Match-to-sample training was 

provided for one or several types of the absent relations. Then posttesting assessed 

whether new relations had emerged as a result of training on other relations. The 

potential training efficiency resulting from the emergence of untrained relations was of 

interest in each study. 

Joyce, Joyce, and Wellington (1993) investigated potential five-member 

equivalence classes. They used a computer to present five sets of 20 stimuli (100 total 

stimuli): 20 English words spoken (EWS), 20 English words written (EWW), 20 

Spanish words spoken (SWS), 20 Spanish words written (SWW), and 20 pictures (PIC). 

Corresponding stimuli from each set were planned to form five-member classes, such as 

"eye" (EWS), eye (EWW), "ojo" (SWS), ojo (SWW) and a picture of an eye (PIC). For 

each planned 5-member class, 20 relations were possible (Figure 4). Thus, with 20 

classes of 5 members each, a total of 400 relations were possible. 

The 20 types of relations listed below were presented as matching tasks in 

pretests and posttests: 

I) EWS-PIC 2) PIC-EWS 

3) PIC-EWW 4) EWW-PIC 

5) EWS-EWW 6) EWW-EWS 

7) SWS-SWW 8) SWW-SWS 

9) SWW-PIC 10) PIC-SWW 

II) SWW-EWS 12) EWS-SWW 

13) SWW-EWW 14) EWW-SWW 

15) EWW-SWS 16) SWS-EWW 

17) SWS-PIC 18) PIC-SWS 

19) EWS-SWS 20) SWS-EWS 



The array used in the experiment (Figure 5) has a sample box in the center and 

six comparison boxes in a ring around the sample box. Visual samples were presented 

in the sample box, and auditory samples were presented with the sample box empty. For 

those trial types that required a production response (EWS or SWS), rather than a 

selection response, the comparison boxes were left empty. 

Pretests for both subjects indicated that spoken and written English words had 

equivalence links to the pictures but spoken and written Spanish words did not. (See 

Figure 4.) Subject BA demonstrated 7 of the 20 relation types and subject DC 

demonstrated 5 of the 20 relation types; this includes SWS to SWW at 95% accuracy, 

which the authors did not count as present. In pretesting, some relation types were 

performed at accuracy rates as high as 75% to 95%, but were counted as missing since a 

criterion of 100% was required. Subject BA received match-to-sample training with 

SWW as sample and PIC stimuli as comparisons. In posttesting this subject showed all 

remaining 13 relation types as emergent. Subject DC received match-to-sample training 

with PIC as sample and SWW stimuli as comparisons. In posttesting he demonstrated 

all remaining 16 relation types as emergent. 

The authors presented their data in the usual manner, summarized by relation 

type over twenty possible equivalence classes. (As was noted earlier, this method of 

data summary and analysis can substantially under report the formation of equivalence 

classes, particularly with such a large number of potential classes.) Because each 

planned class had five members there were twenty relations per class (versus six per 

class with three-member classes). Using a pretest criterion of 100% only 7 of 20 relation 

types were counted as present for one subject and 4 of 20 were counted as present for the 

other subject. Additional relation types showed pretest accuracy percentages above 

chance (75% to 95%) but were counted as missing. There may even have been one or 
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more equivalence classes fully present for the subject who scored from 20% to 85% on 

pretests. The summarized data presentation does not allow the reader to discern whether 

this had occurred. It would be helpful to report data for individual equivalence classes in 

pretests and posttests. 

Another concern is that two of the stimuli in each potential equivalence class do 

not occur in a conditional discrimination procedure (sample with comparisons) but in a 

simple discrimination procedure (sample as discriminative stimulus for a production 

response). Therefore an oral response "eye" in the presence of the visual stimulus eve 

does not directly test symmetry with regard to the relation, given the auditory stimulus 

"eye" select the visual comparison eve. 

Cowley, Green, & Braunling-McMorrow (1992) used a stimulus equivalence 

procedure with three head-injured adult males who were unable to match therapists' 

faces and names (written or auditory), even after months of repeated sessions with these 

therapists. The authors were interested in solving the practical problem of enabling the 

clients to recognize and find the therapists whose names were written on their daily 

schedules. They reasoned that clients needed to "match several stimuli that correspond 

to each therapist: his or her spoken name, face, and written name." Therefore their 

study involved pretesting, training of some relations, and posttesting to assess the 

emergence of derived relations. They used a tabletop procedure in which the auditory 

stimuli were dictated by the experimenter and visual stimuli were presented on laminated 

cards. Dictated names were the A set of stimuli, faces (color photographs) were the B 

set, and written names (on subjects' daily schedule) were the C set. Figure 6 presents a 

diagram of the tested, trained, and emergent relations involving the A, B, and C stimuli. 

Pretests indicated which classes of matching therapist-name and face were 

deficient for each subject, and thus which should be selected for training. Three sets of 
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stimuli (A, B, and C) corresponding to three therapists were used for training. The 

therapist-classes selected were those for which the subject had demonstrated the AC 

relation (dictated name - written name) but not the AB relation (dictated name - face). 

Three AB relations were trained in match-to-sample trials, after which all three subjects 

demonstrated equivalence classes of dictated name (A), face (B), and written name (C) 

for a therapist. In posttesting, CB and BC relations emerged immediately for one subject 

and gradually for two subjects. An application posttest was designed to ascertain 

whether subjects could find their therapists as a result of the training. Two subjects 

finished the experiment before receiving the application posttests, but the third subject 

successfully found and named therapists whose names were written on his list. 

The authors' concern for practical applications of stimulus equivalence 

procedures is expressed in their discussion: 

We tried to address an issue that has not been investigated adequately in stimulus 

equivalence research: the extent to which equivalence classes taught in the 

laboratory or classroom serve any function for the learner in other contexts. Our 

attempts in this study to assess transfer to the "real world" via our application 

tests yielded limited but promising data. It is critical that such efforts continue. 

Lynch and Cuvo (1995) used the stimulus equivalence preparation to form 

stimulus-stimulus relations with practical use in an academic mathematics task. They 

worked with fifth and sixth grade students who had difficulty converting ratio fractions 

to decimals and decimals to ratio fractions. The researchers had decided against simply 

training students in a rote procedure to match a fraction to its decimal equivalent, such as 

1/4 to 0.25. A rote procedure would have involved only an A set (fractions) and a B set 

(decimals) of corresponding stimuli. Proficiency at rote matching would not indicate 

comprehension of what these numbers represented in terms of quantities. Students 
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might be able to quickly convert 0.20 to 1/5 (and vice versa) but be unable to recognize 

that a glass of milk, or the seating in an auditorium, was 20% filled. The authors also 

reasoned that rote instruction in the past had not resulted in proficient fraction-decimal 

conversion skill for these students. Therefore they planned to include a pictorial 

representation of each fraction quantity as an additional stimulus to be matched with the 

corresponding ratio and decimal. So with three stimuli (and six relations) per class the 

stimulus equivalence procedure might provide efficient and effective training in which 

some relations could be expected to emerge without direct training. A ratio- quantity 

(picture) relation and a decimal- quantity relation (plus their reversals) would indicate a 

basic form of comprehension. This might help make it possible for these fractions to be 

applied to "real world" quantities which students might encounter, as well as to 

generalize to untrained fraction amounts. 

The authors used three sets of stimuli in the first phase of the experiment: ratio 

fractions (A set), pictorial analogs (B set), and decimals (C set.) Pictorial analogs 

consisted of shaded portions of a 10 X 10 grid with 100 small squares. There were 12 

stimuli in each set, planned to comprise 12 three-member classes. Later phases used 

three more sets of stimuli, a D, an X, and a Y set. Set D contained new ratio fractions 

with the same values as the A, B, and C stimuli. For example D1 (4/20) = A1 (1/5) = B1 

(pictorial analog) = CI (0.20); this provided for 12 four-member classes. Sets X and Y 

consisted of stimuli with values different from those in the first four sets. Fractions in 

the X set corresponded to decimals in the Y set (e. g. X6 (15/20) = Y6 (0.75). This 

provided for 12 additional classes of two members each. 

Match-to-sample tasks were presented on a computer screen and subjects 

responded using a computer mouse. Sessions were divided into blocks of 24 trials with 

four relations tested or trained per block. The array (Figure 7) presented the sample in 
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the center and four comparisons around the sample. For example, when A2 was the 

sample, B1, B2, B3, and B4 were comparisons. 

Pre-experimental training familiarized subjects with the use of the computer 

mouse and with the match-to-sample procedure. The sequence of conditions in the 

experiment itself included pretesting, training (AB, BC), and posttesting (AC, CA), as in 

the previous two studies, but added three further stages: generalization testing (paper and 

pencil), further training (AD), and later generalization testing (CD, XY, YX). 

As in the earlier two studies, pretesting was used to determine which equivalence 

classes, and which component relations, were extant in subjects' repertoires. Three types 

of pretests were presented before any training occurred: 

1. All possible relations involving A, B, and C stimuli, including reflexivity (AA, 

BB, CC), relations to be trained (AB, BC), and relations expected to emerge (BA, CB, 

AC, CA). 

2. Paper and pencil tests: given A (ratio fraction) write the decimal, and given C 

(decimal fraction) write the ratio. 

3. Relations involving the D stimuli, including relations to be trained (AD) and 

relations expected to emerge (CD). 

The seven students who showed 50% or less accuracy on pretests were selected as 

subjects to participate in the experiment. 

In the first experimental condition, twelve AB relations were trained to criterion, 

and then 12 BC relations were trained to criterion. If posttests did not show that 

equivalence had emerged AB and BC retraining occurred. After training or retraining, 

during probes for symmetry, transitivity, and equivalence, all seven subjects 

demonstrated the formation of 12 equivalence classes. 
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In the next condition subjects received the paper and pencil posttest as an 

assessment of one kind of "generalization:" If subjects had reliably selected the correct 

decimal or ratio, would this "generalize" to producing (writing) the correct decimal or 

ratio in the absence of comparison stimuli? The task was not a case of stimulus 

generalization in which novel but formally similar stimuli evoke the same response. 

Therefore the term generalization might lead to confusion; a more general term such as 

"transfer" or "application" might be more appropriate. However the authors' use of the 

term makes it clear that they are testing for the application of emergent equivalence 

relations (CA and AC) to a different problem or task which more closely approximates 

academic and applied uses of fractions (writing versus selecting). Three subjects 

showed minimal application (0% to 4% correct) and four subjects showed moderate 

application (50% to 63% correct). 

In the next condition, subjects received AD training and CD testing, as well as 

XY testing for "generalization." Results of the CD tests were equivocal, ranging from 

42% to 85% correct for the seven subjects. "Generalization" testing involved X stimuli 

(ratios) and Y stimuli (decimals) which had never been presented before. On the XY 

probes (ratio: decimal) performance was inaccurate or weak (27% to 77% correct); on 

the YX probes (decimal: ratio) performance was somewhat better (29% to 100% 

correct). 

The primary objective of the experiment was to see if a relatively complex 

mathematics skill, fraction-decimal matching (conversion), could be developed using a 

stimulus equivalence procedure and taking advantage of emergent relations. Posttests 

for all seven subjects demonstrated emergent fraction-decimal (AC and CA) matching 

after training. The secondary objective of the experiment was to investigate 

"generalization," or application of the emergent relations to additional useful relations 
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which might emerge without direct training. The CD relation, writing numbers and the 

XY/YX probes could be considered applications that involved combining more than one 

trained or derived relation. Some of these additional relations emerged and others did 

not. 

Pretesting in this study involved a large number of potential equivalence classes, 

some of which may have been present in the subjects' repertoires before the experiment. 

Using data summarized over twelve classes , as with the Joyce, Joyce, and Wellington 

study (20 classes), may obscure the existence of one or more extant equivalence classes. 

The larger the number of classes summarized, the more likely this possibility becomes. 

Cowley, Green, & Braunling-McMorrow used pretesting to select for training those 

planned equivalence classes which did not yet exist in a subject's repertoire. In contrast, 

Lynch and Cuvo used pretesting to select subjects with 50% or more of the targeted 

equivalence relations missing in their current performance; therefore, some of the 

equivalence classes demonstrated in posttests may have been pre-existing, rather than 

have emerged as result of the procedure. Data on individual classes would be helpful in 

understanding subjects' entry skills as well as outcomes. 

When we compare the three studies, we see that all are concerned with practical 

tasks or skills requiring the equivalence of several stimuli. They all use pretesting, 

training, and posttesting in some variation of a stimulus equivalence procedure. All 

three involve useful production responses (speaking, writing) as well as selection 

responses, but the latter two studies are much clearer about distinguishing these from 

conditional discriminations. The first two studies require existing relations to be in the 

subjects' repertoire; then only one new relation needs to be trained to form the planned 

classes. In the last study, no existing relation was required; both AB and BC were 
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trained. However, pretesting showed some performances well above chance levels, 

suggesting some pre-existing relations in subjects' repertoires. 

Pretesting raises concerns about two possible unplanned training effects that may 

occur during pretest sessions. The first problem, discussed by Cowley, Green, & 

Braunling-McMorrow , is the potential for inadvertently training incorrect responding. 

When trials are repeatedly presented with no consequences or feedback, human subjects 

tend to respond consistently, as though assigning comparisons to go with samples. Thus 

unplanned stimulus control relations can develop, interfering with later training and 

testing trials. 

The second concern is that extensive pretesting might also have the opposite 

effect of facilitating learning in what is supposed to be a neutral testing session. In 

pretesting, subjects are exposed to trial types and stimulus combinations that will be 

used to posttest for emergent relations. For example, Lynch and Cuvo exposed subjects 

to AD trials (1/5 to 4/20) and to CD trials (0.20 to 4/20) before training and testing ABC 

classes. This early exposure may serve a kind of training function and facilitate later test 

performance on the same trial type. Test trial results would have additional credibility if 

the trial types had not been used before posttesting. However the basic design of all 

three experiments described earlier involved the comparison of pretest and posttest 

results; therefore, early exposure to test trial types could not be avoided. 

As the three studies indicate, stimulus equivalence procedures may have wide-

spread applicability in developing practical skills, both academic and non-academic. 

Further research with relations involving verbal and mathematical stimuli, as well as the 

objects and quantities to which they refer, may be particularly useful. However, the 

three earlier studies leave unanswered questions and suggest further research. 
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The present study avoided conceptual issues pertaining to production responses 

(oral naming or writing) by presenting the application task within the conditional 

discrimination procedure itself, without requiring production responses to simple 

discrimination trials. Further, the application test was first presented as a posttest, so 

that correct responding would not be "primed" or "set up" by pretest exposure to 

application trial types. Although CA equivalence was a prerequisite, subjects had no 

exposure to derived relations trials before receiving the first administration of the 

application test. 

The present study was designed to examine characteristics of OR performance 

that might correspond to emergence or non-emergence of derived relations: accuracy, 

fluency, practice, and stability. The first factor, accuracy, was examined from two 

perspectives, absolute accuracy and relative accuracy. The achievement of the OR 

accuracy criterion (absolute accuracy) was compared to subsequent performance on both 

application tests and derived relation tests. The relative accuracy between sets of trained 

relations was also compared to see if greater OR accuracy corresponded to greater test 

accuracy. 

The second factor, fluency, is a term used in the applied fields of instructional 

design and Precision Teaching to indicate responding that is not only accurate, but also 

fast. Applied research has indicated that fluent performance of component skills is 

necessary for performance of many complex composite skills. Burkett (1995) used 

stimulus equivalence as a laboratory analog for component skills (original relations) and 

composite skills (derived relations) to investigate the possible impact of fluency. She 

investigated fluency on original relations as a possible predictor of the emergence of 

derived relations. Drawing on Glenn and Field (1994), she conceptualized all relations 

in a class as members of an individual population and examined the data for each 
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population. Thus, for the planned class A2B2C2 all instances of the trained relations 

A2B2 and B2C2, as well as all instances of the derived relations B2A2, C2B2, A2C2, 

and C2A2 comprised the "2" population. So instead of summarizing one relation type 

across several stimulus classes, she summarized relations for one stimulus class across 

several relation types. She presented probe sessions immediately after each training 

session, regardless of the accuracy level achieved. This allowed the researcher to see 

equivalence emerge for one class at a time, from probe session to probe session, as 

training sessions continued to build accuracy on original relations. Burkett used average 

latency (sample onset to comparison selection) on correct original relation responses as a 

measure of relative fluency for each pair of original relations in a population (e. g. A1B1 

and B1C1). Probe sessions tested each planned class to see whether equivalence had 

appeared. Equivalence typically emerged for one or two classes in each of the later 

probe sessions. 

If fluency of component (OR) performance was necessary for composite 

(emergent) performance, equivalence should appear following more fluent OR 

performance. Thus, emergence of equivalence for one class in a probe session would 

correspond to more fluent OR responding for the same class in the immediately 

preceding training session. This did not prove to be the case consistently for any of the 

subjects that showed equivalence. For one subject more fluent original relations 

immediately preceded successful equivalence probes for some classes but not for others. 

As Burkett pointed out, fluency on prerequisite, or component, skills may be necessary 

for the performance of more complex composite tasks in applied areas such as 

academics, as Precision Teaching research has indicated. However, the stimulus 

equivalence phenomenon may not be an appropriate analog for component and 
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composite skills. Derived relations may not be composites of original relations in the 

same sense as composite academic skills. 

In order to provide a closer analog to a composite academic task the current study 

tested for emergent performance that is more complex than symmetrical transitivity. 

The task used as a test required the application of a derived relation to a novel problem 

involving stimulus relations in addition to those resulting from the experimental 

procedure. Then OR performance and application test performance were compared for 

each class to see if populations with more fluent OR performance were the populations 

with accurate test performance. 

The third factor, OR practice, was examined for correspondence to test accuracy 

(derived relations and application). Practice was measured in terms of the cumulative 

number of correct OR trials. Data were examined to see if greater amounts of OR 

practice corresponded to accuracy in test sessions. 

The fourth factor examined was stability. The experimenter compared instances 

of test accuracy in a class to the stability of OR responding for that class over a series of 

OR training sessions prior to testing. 

This research was designed to apply stimulus equivalence procedures to practical 

applications employing verbal and numerical relations similar to those used in the 

applied studies described earlier, and to address some of the unresolved issues 

mentioned earlier. A clearly appropriate application task involved learning Spanish 

names for numbers, and then applying them by answering simple math problems with 

Spanish number names. Because many subjects would have had some exposure to 

Spanish number names, however, the meaning of any findings would be unclear. 

Therefore, a laboratory analog using abstract graphic figures as new "number names" 

was used to provide less ambiguous data. The applied task was answering simple math 
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problems with abstract graphic figures presumably made equivalent to numbers. The 

applied task required equivalence, and was presented using match-to-sample trials. Thus 

subjects did not receive the usual probe trials and went directly to the application task as 

the initial test for equivalence. 

So the primary experimental question was: If subjects are trained in a conditional 

discrimination procedure to match abstract graphic figures (A) to other such figures (B) 

and to match B figures to numerals (C), will they select the correct graphic figure (A) as 

an answer to simple math problems (D) presented as sample stimuli in match-to-sample 

trials? 

The secondary experimental question was: If subjects demonstrate equivalence 

in the application task with some planned equivalence classes but not with others, what, 

if any, properties of the original relations for a class correspond to emergence or non-

emergence of equivalence? In particular, do accuracy, fluency, practice, or stability of 

OR performance correspond to emergence and application of derived relations? 

METHOD 

Subjects 

Subjects were four students at the University of North Texas, age 18 or older, 

enrolled in an introductory Behavior Analysis class. They were recruited through 

announcements in class, and were paid for participating in the study. 

Apparatus 

The experiment was conducted in a 5-foot X 12-foot laboratory room at the 

Department of Behavior Analysis. Stimuli were presented and responses recorded using 

a 386 DX40 personal computer with an SGVA monitor and enhanced keyboard. 

Training and testing sessions were delivered on the computer by custom-designed 
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software that presented the trials in semi-random order, recorded selections and response 

latencies, and delivered points for correct responses (as designated by the experimenter) 

during the feedback conditions. 

Twenty-seven visual stimuli, arranged in three clusters of nine, were used for 

original and derived relations. Each cluster contained three A, three B, and three C 

stimuli. The A and B stimuli in each cluster were abstract geometric figures and the C 

stimuli were numerals from 1 to 9 (Figure 8). The A and B stimuli were planned to be 

novel, so that subjects had no pre-experimental history with the geometric figures. Each 

stimulus was presented in a 120 X 120 pixel frame. Sample stimuli appeared in the 

center of the upper third of the screen. Three comparison stimuli appeared in a "V" 

arrangement in the lower two-thirds of the screen (left, lower center, and right). Figure 9 

shows the appearance of screens in sequence during one trial. The arrangement of 

stimuli and various trial types are explained in more detail below in the Procedure 

section. 

Overall 6-Phase Plan 

General instructions and pre-training on procedure. Subjects received general 

instructions and one or more orientation sessions of conditional discrimination training 

using stimuli from the P cluster described below. This trial type is shown in Figure 

10(a). 

Original relations (OR) training. Subjects next received conditional 

discrimination training on 18 original relations (three AB relations and three BC 

relations for each of three clusters, K, N, and S described below). Figure 10(b) shows an 

AB trial and Figure 10(c) shows a BC trial. 

Application (APL) test. Subjects then received an application test (APL) that 

required the completion of simple addition and subtraction problems. These were 
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presented in the conditional discrimination format with problems as samples and A 

stimuli as comparisons for answer choices. Figure 10(d) shows an APL trial. 

Derived relations (DR~) test After an APL test session, subjects received a 

session testing for the derived relations (DR) of symmetry, transitivity, and equivalence, 

involving the stimuli used in OR training. Figure 10(e) shows a DR trial. Subjects who 

performed accurately on both the APL test and DR probes next received the final 

session, the Math test session. Other subjects proceeded to retraining and retesting. 

Retraining and retesting. Subjects who did not perform accurately on the APL 

test or on DR probes received additional OR training, followed by another 

administration of the APL and DR test sessions. After accurate performance on APL 

and DR tests, subjects received the final session, the Math test session. 

Math test (MATH). The final session tested all subjects for the math-problem-

numeral relations prerequisite to accurate APL performance. Sample stimuli were the 

math problems used in the APL test; comparison stimuli were numerals (C stimuli). 

Figure 10(0 shows a MATH trial. 

Procedure 

Each session consisted of three blocks of trials, or subsessions. Pretraining, OR 

training, APL testing and MATH testing sessions had 36 trials per block. DR probe 

sessions had 72 trials per block. During pretraining and OR training sessions the 

message "+ 1 point" immediately followed each correct answer. Points were 

exchangeable for money, at the rate of two cents per point, paid at the end of the 

experiment. During test sessions (APL, DR, MATH) subjects earned one point for every 

experimenter-designated correct answer, but no point presentation occurred during the 

session, and subjects were not told after a session how many points they had earned. At 

the beginning of the experiment subjects were informed that points could be earned in all 
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sessions, whether or not feedback occurred. (See Attachment 2, Instructions.) Each 

session began with informing subjects whether or not they would be receiving feedback. 

APL test sessions began with an on-screen message saying NO FEEDBACK. Other No-

Feedback sessions began with the experimenter's oral message "You will be receiving no 

feedback during this session." 

A trial began with the appearance of a sample stimulus. When the subject 

pressed the up arrow key, three comparisons appeared. Pressing the left, down, or right 

arrow key selected a comparison stimulus, resulting in either feedback ("+ 1 point") or a 

brief blank screen, which ended the trial. (See Figure 9.) 

In the feedback condition a correct choice was followed by the message "+ 1 

point" appearing on the screen for 1 second, followed immediately by the next trial. An 

incorrect choice was followed by a blank screen for 1 second, followed by the next trial. 

In the no-feedback condition every selection was followed by a blank screen for 1 

second, and the next trial began immediately thereafter. 

At the end of a block in the feedback condition, the total number of corrects, or 

points, was displayed. At the end of the third block in a session, along with the points, 

the message was displayed: "Session has ended - Please inform the experimenter." 

Informed consent and initial orientation. Before subjects began the series of 

experimental sessions, the experimenter asked them to read and sign the informed 

consent form shown in Figure 11. Subjects were seated at the experimental computer 

while the experimenter read the instructions and information shown in Figure 12. 

Subjects used the arrow keys for three or four trials while the experimenter was present. 

The experimenter did not leave until subjects had produced at least one "+ 1 point" 

message. The experimenter also pointed out the observation window and noted that he 

would be observing the screen and keyboard from time to time during the sessions. 
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Session length and sequence. Subjects 1,2, and 3 participated on four days, 

distributed over a period of a week to 9 days. Subject 4 participated on five days 

distributed over a week. Each day's participation required approximately one hour, in 

which three to five sessions occurred, each lasting approximately 10 to 15 minutes. The 

first session of each day was an OR training session. Even if a subject had reached 

criterion on the previous day, he/she received at least one OR review session before 

proceeding to the APL test and DR probes. Review sessions were intended to reduce the 

effect on test performance that might have resulted from a break of 24 hours or more. 

Stimuli. Pretraining: A group of six stimuli designated as the P cluster, was 

used only in pretraining. The three A stimuli used as samples were the visual words car, 

pet, doe: the three B stimuli used as comparisons were the capital letters X, Y, and Z. 

OR Training and DR Probes-. Three groups of stimuli, the K, N, and S clusters 

(Figure 8), were used to train original relations and test for derived relations. In each 

cluster the A and B stimuli were abstract geometric figures and the C stimuli were 

numerals. The K cluster, composed of thick-line figures, consisted of three A stimuli, 

three B stimuli, and three C stimuli designated thus: KA1, KA2, KA3, KB1, KB2, KB3, 

KC1, KC2, KC3. Similarly, the N cluster (thin-line figures) and the S cluster (shaded 

figures) consisted of three A, B, and C stimuli (NA1, SA1, etc.). Using three discrete 

sets of stimuli allowed for the possibility of variations in performance between different 

clusters, which could be compared within one subject's performance. 

APL and MATH tests: Stimuli used as samples in the APL test and in the MATH 

test were short addition and subtraction problems whose answers were numerals from 1 

to 9. (See Figures 9(d) and 9(f).) There were 11 possible problems for each numeral, so 

there were 99 problems (33 per cluster) used as sample stimuli in the APL test and 

MATH tests. 
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Trial types. For each cluster there were six original relation (OR) trial types: 

three AB trial types (Al-Bl, A2-B2, and A3-B3) and three BC trial types (Bl-Cl, etc.). 

Derived relations (DR) within that same cluster included three trial types for each kind 

of probe trial: BA symmetry (Bl-Al, B2-A2, etc.), CB symmetry (Cl-Bl, etc.), AC 

transitivity (Al-Cl, etc.), and CA equivalence (Cl-Al, etc.). Thus, 12 DR trial types 

occurred within one cluster. These same 18 trial types (6 OR and 12 DR) occurred in 

each of the three clusters. 

Each APL test block (one cluster) presented 11 variants of three trial types, math-

Al, math-A2, and math-A3. Every problem for the trial type occurred once in the block, 

and one problem was repeated to make up the 12 instances of the trial type in that block. 

Similarly, each MATH test block (one cluster) presented 11 variants of three trial types, 

math-C 1, math-C2, and math-C3. 

Phases of the Procedure 

1. General instructions and pre-training. The experimenter read oral instructions 

(Attachment 2) while subjects completed the first three or more trials to ensure that they 

could proceed with the experimental task. Subjects received one or more sessions of 

pre-training (three blocks of 36 trials) with point delivery (feedback). When responses 

were 75% correct on one of the three blocks in the pre-training session, subjects 

proceeded to the first session of OR training. 

Subjects 1,2, and 3 required one session of pretraining. Subject 4, however, did 

not perform accurately during two pretraining sessions. The experimenter then provided 

additional oral instruction: that a point would result when she selected the correct 

comparison stimulus by pressing the corresponding arrow key. (The subject said she 

had been matching each of the arrow keys to one of the three sample stimuli, without 
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regard to the comparison stimuli.) After the additional instruction, the subject required 

two more sessions of pretraining to reach the accuracy criterion. 

2. Original relations training. Three sets of AB and BC original relations were 

trained in each of the three clusters (nine sets total). All three clusters were presented in 

each session, one per block, in varying sequences from session to session. Feedback ("+ 

1 point") occurred after every correct response in all OR training sessions except for two 

of Subject 2's sessions. (Sessions 13 and 16 were ABBC training sessions with OR trials 

given in extinction.) 

Subjects received an AB training session followed by a BC training session until 

the accuracy criterion was met. Then subjects received ABBC training sessions, with a 

mix of AB and BC trials, until criterion was met. When subjects had met criterion for 

ABBC training session, they proceeded to the APL test followed by DR probes. If 

subjects had reached criterion for OR training on one day and were scheduled for the 

APL test on another day, review sessions of OR training preceded the APL test and DR 

probes. 

The OR training criterion originally planned was 90% correct trials on one of the 

three clusters. This minimal criterion was intended to increase the likelihood of 

performance variation between clusters in APL and DR performance. Between-cluster 

variation allowed for comparisons between the corresponding OR performances in each 

cluster. The original criterion of 90% on one cluster was used for Subject 1, although he 

reached 90% correct for two clusters in the same session. This criterion appeared to be 

inadequate for accurate APL and DR performance. Subject 1 required several rounds of 

retraining and retesting before performing accurately on APL and DR tests. Therefore 

Subjects 2,3, and 4 met the 90% accuracy criterion on two or three clusters before 

proceeding to testing. The training sequence for each subject is described below. 
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Subject 1 met the 90% criterion on Day 1 in Session 3, his first session of ABBC 

training. (See Table 1. The table shows accuracy in training sessions, discussed here, as 

well as test results, which will be discussed later in the Results section.) In accordance 

with the experiment's original criteria, he proceeded to the APL test and DR probes on 

Day 1 but did not perform accurately on either test. Therefore, Day 2 began with 

retraining consisting of an AB session, a BC session, and two ABBC sessions; these 

were followed by a second administration of the APL and DR test sessions. Day 3 

retraining consisted of two ABBC sessions; these were followed by APL and DR test 

sessions. Day 4 sessions consisted of one review of ABBC training followed by the 

APL, DR, and MATH test sessions. 

Subject 2 reached the 90% criterion on Day 1 for two clusters in AB and BC 

training. (See Table 1.) On Day 2 he received two sessions of ABBC training, but 

performance was not improving; therefore he repeated a sequence of AB, BC, and 

ABBC training and reached the 90% criterion on two clusters. Day 3 occurred after six-

day absence, so as a review the subject repeated the sequence of AB, BC, and ABBC 

training; the subject next received an ABBC session without feedback followed by a 

regular ABBC session with feedback. Day 4 began with a review consisting of ABBC 

training (feedback) and an ABBC session without feedback; these were followed by the 

APL, DR, and MATH test sessions. 

Subject 2 had reached Day 3 of the experiment after two other subjects had 

received the APL and DR tests. To increase the possibility of accurate performance at 

the first administration of the APL and DR tests, ABBC sessions in extinction were 

added to the training sequence for Subject 2. This provided him with his first exposure 

to the no-feedback condition using OR trials rather than novel trial types. Only Subject 

2 received sessions of OR trials without feedback. 
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Subject 3 reached the 90% criterion in two clusters for AB, BC, and ABBC 

training on Day 2. (See Table 1.) Day 3 occurred after an absence of four days, so as a 

review the subject repeated the sequence of AB, BC, and ABBC training; this was 

followed by the APL and DR test sessions. Day 4 began with retraining consisting of 

two ABBC sessions; these were followed by the APL, DR, and MATH test sessions. 

Subject 4 reached the 90% criterion only on BC training during Day 1. (See 

Table 1.) Day 2 training consisted of two AB, two BC, and two ABBC sessions; the 

90% criterion was reached in only one cluster of ABBC training. Therefore, Day 3, 

which followed a three-day absence, consisted of a review of AB and BC training, 

followed by three sessions of ABBC training in which 90% was reached on two clusters 

in two consecutive sessions. Day 4 began with a review consisting of two ABBC 

sessions; these were followed by the APL and DR test sessions. Day 5 retraining 

consisted of two ABBC sessions; these were followed by the APL, DR, and MATH test 

sessions. 

3. Application testing. Accurate performance of the APL test assumed the 

presence of the prerequisite CA (numeral to figure) equivalence. Subjects were 

presented with the on-screen message: "During the following sessions you will receive 

NO FEEDBACK." The computer recorded every correct response as one point, but no 

points were delivered on screen during the session. This condition tested for the 

presence of emergent relations between math problems and A stimuli (graphic figures). 

Accurate performance required derived CA (numeral-figure) equivalence relations as 

well as the existence of math-numeral equivalence classes in the subject's pre-

experimental repertoire. (Eleven different math problems needed to be equivalent to the 

CI numeral in order for the subject to respond correctly to math-Al trials in the 

application test.) This condition tested for application of newly emergent equivalence 
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relations (CA) to the problems confronting subjects in the current context; these 

problems presented as samples one component of preexisting equivalence relations 

(math facts). 

The APL test session followed the same format as the OR training sessions, with 

three blocks, each presenting stimuli from one of the clusters. Thirty-six trials were 

presented in each block, with a math-problem stimulus as sample and the A stimuli from 

the corresponding cluster presented as comparisons. 

One session (3 blocks) of the application test was presented in this phase. The 

APL session provided 12 trials of each math-A relation (11 different problems with the 

same "A figure" answer, plus one repeated). Accurate performance (80%) on math-A 

relations indicated the presence of the required CA equivalence and successful 

application, or transfer. After the APL test session the subject proceeded to Stage 4 for 

direct testing of derived relations. 

4. Derived relations testing. Subjects received the oral message "During the 

following sessions you will be earning points, but you will receive NO FEEDBACK." 

(The oral version of the message was used because the computer program did not 

provide for such a display.) The computer recorded each correct response as one point, 

but subjects received no feedback during the session. Subjects received conventional 

probe trials in the conditional discrimination procedure: BA symmetry, CB symmetry, 

AC transitivity, and CA equivalence. This probe session presented only DR trials, with 

no OR trials included. One session (3 blocks) of probe trials was conducted, with one 

cluster presented in each block. There were 72 trials per block: 24 symmetry trials (12 

BA and 12 CB), 24 transitivity trials, and 24 equivalence trials. 80% accuracy was the 

criterion for successful performance on the APL test and on the DR test. Subjects who 

reached the criterion of 80% accuracy on two clusters in both test sessions proceeded to 
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the Math test, phase 6), and completed the experiment. Other subjects proceeded to 

retraining and retesting, phase 5). 

Subject 1 received four rounds of APL and DR testing, Subject 2 received one 

round of testing, and Subjects 3 and 4 received two rounds of testing. 

5 Retraining and retesting. Subjects who did not reach the 80% criterion in two 

clusters for both the APL and DR test sessions received additional OR training until they 

met the 90% accuracy criterion on all three clusters of ABBC training. Then they 

received another administration of APL and DR test sessions. Subject 1 received three 

rounds of retraining and retesting; Subject 2 received no retraining or retesting; 

Subjects 3 and 4 each received one round of retraining and retesting. 

6. Math testing. After receiving the oral message regarding points without 

feedback, subjects were tested for math problem-to-numeral relations. The MATH test 

occurred as the final session for all subjects, after all sessions of training, APL, and DR 

testing, so as not to forewarn subjects about the nature of the APL test. Samples used in 

the MATH test were the same math problems presented as samples in the APL test. 

Comparisons for the MATH test were numeral answer choices (C stimuli). This test 

checked for the presence of the prerequisite math-numeral relations in the subjects' 

repertoires. Inaccurate performance on the MATH test, particularly after demonstration 

of DRs in the probes, could explain inaccurate performance on the APL test. When 

subjects completed the MATH test session, they concluded their participation in the 

experiment. 

During pilot sessions before the current experiment, the MATH test had been 

given as a pretest, prior to OR training and APL testing, to verify that this component 

skill was present Subjects were undergraduate college students, and all twelve 

performed at virtually 100% accuracy on the MATH pretest. When presented as a 
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pretest, the MATH test may have unduly facilitated performance later on the APL test by 

presenting trials with problems as samples and numerals as comparisons. Therefore, in 

order to make the APL test more convincing, the current experiment presented the 

MATH test as the last stage for all subjects. 

RESULTS 

Data presentation and results have been divided into several sections: a) 

recorded and calculated data; b) data analysis; c) data presentation for populations and 

clusters; d) results of application test; e) properties of OR performance that predicted 

APL and DR performance; and f) graphic presentation of properties of accuracy, rate, 

practice, and stability. 

Recorded and Calculated Data 

Two data items were recorded for each trial, correct/incorrect and duration. 

These trial data were then used to calculate measures of four properties of performance 

both in training sessions and in test sessions. The first property, accuracy, was measured 

as the percentage of correct trials in a sub-session. Percent correct in test sessions was 

used as the measure of accuracy of performance in APL and DR tests. Percent correct in 

training sessions was examined for possible correspondence to accurate test 

performance, along with three other properties: rate, amount of practice, and stability. 

Rate was measured as the number of correct trials per minute in a subsession. Amount 

of practice was measured as the cumulative number of correct OR trials prior to testing. 

Stability was measured in terms of variation from 100% accuracy over a series of OR 

training sessions. 

Rate, or number of correct trials per minute in a subsession, provided a measure 

of fluency, or speed of correct responding, for original relations. Rate was calculated as 
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the number of correct trials in a subsession divided by the total time elapsed during the 

subsession (trial durations plus 1-second intertrial intervals). Time was expressed in 

minutes to emphasize the similarity to the rate measures used in the applied field of 

Precision Teaching. 

Cumulative number of correct OR trials was selected as a measure of how much 

practice subjects had received prior to performance on the APL test and DR probes. For 

three of the four subjects the number of correct OR trials was identical to the number of 

reinforced OR trials; one subject, however, received additional OR trials without 

reinforcement (point delivery). 

Stability of accurate OR performance was described in terms of minimal 

variation from 100% accuracy over a series of training sessions. For example, one 

subject's OR performance in the K cluster might have showed variations greater than 5% 

in several of the five sessions prior to testing, while OR performance in the N cluster 

showed no variations greater than 5% over the same series of sessions. Thus N cluster 

performance was described as more stable than K cluster performance. 

In summary, the four properties of OR performance were defined as followed: 

• Accuracy = percentage of correct trials in a sub-session; 

• Rate = correct trials per minute in a sub-session; 

• Practice = cumulative number of correct OR trials at the end of a sub-session; 

• Stability = least variation from 100% correct in the five OR sessions preceding testing. 

Data Analysis 

Most stimulus equivalence literature has reported separately for each type of 

derived relation (symmetry, transitivity, symmetrical transitivity), but has combined the 

data from all relations of a given trial type (e. g. symmetry trials for all conditional 

discriminations trained). Furthermore, the literature has often presented test results 
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without the full experimental history of training session results in temporal order. The 

method of data presentation and analysis followed in this experiment differs in three 

ways from the usual methods: 

• Data (graphs) are presented for all sessions in temporal order. This allows for the 

examination of a subject's experimental history prior to testing. 

• Data are presented (table) for individual equivalence classes; this permits the 

demonstration of derived relations as soon as any one of the three planned stimulus 

classes has been formed. The usual method of presenting data combined for all three 

planned classes (i. e. cluster-level data) masks the occurrence of emergent relations until 

all three equivalence classes have been formed. 

• Data for all derived relations pertaining to one equivalence class are combined, as they 

are for one cluster, to facilitate comparison to performance on the application test, which 

required CA equivalence as a prerequisite. 

Data Presentation for Populations and Clusters 

Table 2 presents test results for four subjects: percent of correct trials for APL, 

DR, and MATH test sessions. Subject 1 was tested four times: Sessions 4 & 5,10 & 11, 

14 & 15, and 17, 18, & 19. Subject 2 was tested once: Sessions 17,18, & 19. Subject 3 

was tested twice: Sessions 12 & 13 and 16,17, & 18. Subject 4 was tested twice: 

Sessions 16 & 17 and 20, 21, & 22. Data are shown for individual populations, as well 

as combined for a cluster. 

An individual population, such as Kl, included all instances of both trained and 

emergent conditional stimulus control relations involving stimuli in one planned 

equivalence class. For example, in the K cluster A1, B1, CI, and the math problems 

corresponding to CI (Mathl) were planned to become a single equivalence class 
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designated Kl. So the population K1 included all instances of relations involving these 

stimuli in the planned Kl equivalence class. 

Data for individual populations included only one-third of the trials in the 

subsession, those presenting relations among stimuli in one planned equivalence class. 

Results for a cluster included all trials in a subsession, combining the three populations. 

Results of Application Test 

The primary question was whether subjects could perform accurately on the APL 

test after receiving OR training. Results of the APL test, shown in Table 2, clearly 

indicate that the answer is yes. Subjects 1,2, and 3 performed the APL test accurately 

(criterion of 80% or more correct). All four subjects demonstrated equivalence in DR 

test sessions. 

Subject 1 performed the APL test accurately during Test 1 in the populations Kl 

(92%) and N1 (100%). AtTest 2, the APL test was accurate in Kl and N1 as well as in 

the entire S cluster (94%). At Test 3, the APL test was accurate in all populations of the 

three clusters (K cluster 100%, N cluster 94%, S cluster 94%). Every instance of APL 

test accuracy was followed by DR test accuracy (DR at Test 1: Kl 100%, N1 100%; DR 

at Test 2: Kl 100%, N1 100%, S cluster 97%; DR at Test 3: K cluster 96%, N cluster 

100%, S cluster 100%). In addition, at Test 2, DR test accuracy was present for 

populations (K2, K3, N2, N3) which later showed APL test accuracy in Test 3. Test 4 

showed accuracy on the MATH test in all populations and clusters (K cluster 100%, N 

cluster 100%, S cluster 97%). 

Subject 2 performed the APL test accurately at Test 1 in all populations of the 

clusters K (94%) and S (97%), as well as with partial accuracy (72%) in the N cluster. 

(Partial accuracy on APL and DR tests ranged from 60% to 79%). DR test accuracy was 

shown whenever APL test accuracy occurred (DR for K cluster 100%; DR for N3 
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population 100%; DR for S cluster 90%). MATH test results were accurate (100%) for 

all populations and clusters. 

Subject 3 performed the APL test accurately at Test 1 for the entire K cluster 

(100%), as well as for the populations N2 (100%) and S3 (83%). At Test 2, APL test 

performance was accurate for all clusters (K cluster 94%, N cluster 94%, S cluster 89%). 

With the minor exception of S3 (75% correct), individual populations also showed 

accurate APL performance at Test 2 (ranging from 83% to 100%). DR test performance 

was accurate whenever APL performance was accurate (DR at Test 1: K cluster 92%, 

N2 92%, S3 83%; DR at Test 2: K cluster 97%, N cluster 92%, S cluster 96%). MATH 

test results were accurate for all populations and clusters (K cluster 100%, N cluster 

97%, S cluster 100%). 

Subject 4 performed the APL test accurately during Test 1 for only one 

population, N2 (93%); during Test 2 APL test accuracy was no longer present for N2 

(25%). However, accurate DR test performance occurred during Test 1 for the entire N 

cluster (99%) as well as for the population SI (100%). DR test performance improved at 

Test 2, showing accuracy in the clusters N (99%) and S (99%), as well as partial 

accuracy in the cluster K (69%). MATH test results were accurate in all populations and 

clusters (K cluster 94%, N cluster 100%, S cluster 94%). 

Properties of OR Performance That Corresponded to APL and DR Performance 

The secondary experimental question asked whether certain properties of OR 

performance corresponded to accurate test performance. Four properties of OR 

performance were examined to see if they were followed by the emergence of APL and 

DR performance: accuracy, rate, amount of practice, and stability of accurate OR 

responding over a series of sessions. (See definitions on Page 32.) 
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Table 3 summarizes those instances in which properties of OR performance 

corresponded to test accuracy for the four subjects. Results are shown both at the level 

of the entire cluster and at the level of the individual population. The table reports those 

instances when accuracy, rate, practice, or stability of OR performance corresponded to 

the subsequent appearance of accurate APL and DR test performance. OR accuracy was 

examined from two perspectives: absolute accuracy (achievement of accuracy criterion 

within a population or cluster) and relative accuracy (comparing level of accuracy 

between populations or clusters). Rate, practice, and stability were examined from one 

perspective, as relative measures comparing OR performance between populations or 

clusters. Table 3 presents results in five columns under headings for each of the 

properties examined. 

As the summary table indicates, OR absolute accuracy (first column of results) 

did not correspond to test accuracy for any of the four subjects. OR relative accuracy 

(second column) did correspond to test accuracy for subjects 2 and 4 at the cluster level 

and for Subject 2 at the population level. OR rate (relative; third column) corresponded 

to test accuracy for Subjects 2,3, and 4 at the cluster level and for Subject 2 at the 

population level. OR practice (relative; fourth column) corresponded to test accuracy for 

Subjects 2 and 4 at the cluster level, but only for Subject 2 at the population level. OR 

stability (relative; fifth column) corresponded to test accuracy for Subjects 1, 2, and 4 at 

the cluster level, but only for Subject 2 at the population level. 

Looking at results for each subject, we see that Subject 1 showed correspondence 

only for OR stability, while Subject 3 showed correspondence only for OR rate. 

Subjects 2 & 4 showed correspondence for OR relative accuracy, OR rate, OR practice, 

and OR stability. No subject showed correspondence only for OR relative accuracy, or 
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only for OR practice. These results suggest that OR rate and OR stability corresponded 

more closely to test accuracy than did OR accuracy or OR practice. 

The weaker correspondence between OR practice and test accuracy may be due 

to the fact that the cumulative number of correct OR trials combined data from all 

training sessions, rather than those immediately prior to testing. Therefore, amount of 

practice was a property of the entire experimental history of performance rather than of 

current performance. OR stability, however, included data from the most recent segment 

of the experimental history, only the five sessions prior to testing. OR rate was an even 

more current measure of performance, including only one session prior to testing. It is 

possible that OR rate and OR stability in combination may indicate the likelihood of 

accurate test performance. 

The summary presented in Table 3 was based on data shown in Graphs 1A - 4F. 

These graphs present results for the properties of accuracy, rate, practice, and stability at 

the cluster level. Because correspondence occurred primarily at the cluster level, not at 

the population level, only cluster level results were graphed. A review of these graphs 

will show the reader where instances of correspondence did, and did not, occur. 

Graphic Presentation of Properties of Accuracy. Rate. Practice, and Stability 

Performances for each experimental session are presented for each subject in two 

types of graphs. The first type shows accuracy and rate; this type is exemplified by 

Graphs 1A, IB, and 1C for Subject 1 (Figure 13). Graph 1A shows K cluster 

performance. Graph IB shows N cluster performance. Graph 1C shows S cluster 

performance. 

The second type of graph shows accuracy and practice; this type is exemplified 

by Graphs ID, IE, and IF for Subject 1 (Figure 17). Graph ID shows K cluster 
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performance. Graph IE shows N cluster performance. Graph IF shows S cluster 

performance. 

Thus, six graphs are presented for Subject 1 (Graphs 1A-1C in Figure 13 and 

Graphs 1D-1F in Figure 17). Similarly, six graphs are presented for each of the other 

three subjects: Subject 2 (Graphs 2A-2C in Figure 14 and Graphs 2D-2F in Figure 18); 

Subject 3 (Graphs 3A-3C in Figure 15 and Graphs 3D-3F in Figure 19); and Subject 4 

(Graphs 4A-4C in Figure 16 and Graphs 4D-4F in Figure 20). The properties of 

accuracy, rate, and practice can be observed directly from these graphs. The property of 

stability can be observed from the accuracy data on either type of graph. 

In order to help the reader interpret all the graphs, we will examine in detail the 

format of the two types of graphs, using Graphs 1A and ID as examples. 

Graph 1A (accuracy and rate) shows K cluster performance for Subject 1. The 

graph presents two data items for each of the 19 sessions indicated along the X-axis. 

The first item is accuracy, or percent correct trials, shown by the height of the dot 

relative to the Y-axis scale on the left. Values range from 0% to 100%. The second item 

is rate, or correct trials per minute, shown by the height of the bar relative to the Y-axis 

scale on the right. Values range from 0 per minute to 40 per minute. The session 

number is shown along the X-axis (Sessions 1 -19). The type of session is indicated by 

the shading of the dot and bar: OR training sessions are shown as clear. APL test 

sessions are shown in black. DR test sessions are shown in light gray. MATH test 

sessions (final session of each experiment) are shown in dark gray. OR sessions are 

further described by notes above the dots which indicate whether the session involved 

AB, BC, or ABBC training. 

Graph ID (accuracy and practice) shows K cluster performance for Subject 1. 

As in Graph 1A, accuracy is shown by the height of the dots (Y-axis scale on the left). 
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Cumulative practice is shown by the height of the bars relative to the Y-axis scale at the 

right; values range from 0 to 600 cumulative correct OR trials, depending on the 

subject. As in Graph 1A, session number is indicated along the X-axis, below each bar. 

The session type is shown by shading of the dot: OR sessions clear, APL sessions black, 

DR sessions light gray, and MATH sessions dark gray. Bars for all sessions are clear, 

since they represent cumulative number of correct OR trials at the end of each session. 

OR Absolute Accuracy Corresponding to Test Accuracy 

Results for each subject were examined to see whether the occurrence of OR 

accuracy in one session was followed by the occurrence of test accuracy in the following 

APL and DR sessions. Data were compared from session to session within clusters for 

each subject. (Examination of relative accuracy and the other three properties involved 

comparison between clusters for each subject.) A review of the graphs for the four 

subjects shows that OR absolute accuracy did not correspond to test accuracy for any of 

the subjects. 

Subject 1. OR absolute accuracy did not correspond to test accuracy for this 

subject. Graph 1A shows K cluster performance for Subject 1; OR accuracy in ABBC 

training first occurred at Sessions 8 and 9 (97%). This was followed in Session 10 by 

inaccurate APL test performance (33%) and in Session 11 by accurate DR test 

performance (96%). Graph IB shows the first occurrence in the N cluster of OR 

accuracy in ABBC training at Session 3 (97%). APL test performance (N cluster) at 

Session 4 was inaccurate (33%), and DR test performance at Session 5 was inaccurate 

(44%). Graph 1C shows that in the S cluster accurate OR performance (ABBC) first 

occurred at Session 3 (100%). APL test performance (S cluster) in Session 4 was 

inaccurate (0%), and DR test performance in Session 5 was inaccurate (25%). Thus, 
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achievement of OR accuracy was not consistently followed by accurate performance on 

APL and DR tests. 

Subject 2. In this case we cannot say whether OR accuracy corresponded to test 

accuracy because Subject 2 did not receive APL and DR testing immediately after 

achieving OR accuracy. The graphs show that OR accuracy occurred five or more 

sessions prior to testing at Session 17. Graph 2A shows K cluster performance for 

Subject 2; OR accuracy in ABBC training first occurred at Session 9 (97%). Graph 2B 

shows N cluster performance; OR accuracy (ABBC training) first occurred at Session 9 

(97%). Graph 2C shows S cluster performance; OR accuracy (ABBC training) first 

occurred in Session 12 (97%). It is unknown whether test performance after Session 9 or 

Session 12 would have been accurate. 

Subject 3. For this subject, the achievement of OR accuracy did not correspond 

to test accuracy. Graph 3A shows K-Cluster performance for Subject 3; accurate OR 

performance (ABBC) first occurred at Session 7 (97%). OR accuracy continued to occur 

at Session 11 (92%) prior to testing. APL test performance was accurate (100%) at 

Session 12, and DR performance was accurate at Session 13 (92%). Graph 3B shows N 

cluster performance; accurate OR performance (ABBC) first occurred at Session 11 

(92%). This was followed at Session 12 (N cluster) by inaccurate APL test performance 

(50%), and at Session 13 by inaccurate DR performance (43%). Graph 3C shows S 

cluster performance for Subject 3; accurate OR performance (ABBC) first occurred at 

Session 7 (92%). OR accuracy continued to occur at Session 11 (97%) prior to testing. 

APL test performance at Session 12 was only partially accurate (75%) and DR 

performance at Session 13 was only partially accurate (61%). Thus, achievement of OR 

accuracy was not reliably followed by test accuracy. 
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Subject 4. For this subject, the occurrence of accurate OR performance did not 

correspond to accurate test performance. Graph 4A shows K cluster performance for 

Subject 4; accurate OR performance (ABBC) first occurred at Session 19 (94%). This 

was followed at Session 20 by inaccurate APL performance (3%) and partially accurate 

DR performance (70%). Graph 4B shows N cluster performance; accurate OR 

performance (ABBC) first occurred at Session 8 (97%). OR accuracy continued at 

Session 15 (100%) prior to testing. This was followed at Session 16 (N cluster) by 

inaccurate APL performance (44%), and at Session 17 by accurate DR performance 

(99%). Graph 4C shows S cluster performance for Subject 4; accurate OR performance 

(ABBC) first occurred at Session 11 (97%). OR accuracy continued at Session 15 (97%) 

prior to testing. This was followed at Session 16 (S cluster) by inaccurate APL 

performance (44%), and at Session 17 by only partially accurate DR performance (70%). 

Thus, achievement of OR accuracy was not reliably followed by test accuracy. 

OR Relative Accuracy Corresponding to Test Accuracy 

Results for each subject were examined to see whether higher accuracy of OR 

responding corresponded to higher test accuracy. Unlike the within-cluster analysis of 

OR absolute accuracy related to test accuracy, data concerning OR relative accuracy 

were compared between clusters for each subject. For example, if the subject's OR 

performance in the K cluster was more accurate than OR performance in the N cluster, 

the analysis looked at whether test accuracy was greater in the K cluster than in the N 

cluster. Two subjects (2 and 4) showed correspondence between OR relative accuracy 

and test accuracy. Two other subjects (1 and 3) did not show such a correspondence. 

Subject 1. For this subject, greater accuracy in OR performance was not 

followed by greater test accuracy. A comparison of Graphs 1A, IB, and 1C at Session 3, 

prior to testing, shows that the highest level of OR accuracy occurred in the S cluster 
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(100%). This was followed in Sessions 4 and 5 by the lowest level of accuracy in the 

APL test (0%) and DR test (25%). The N cluster showed slightly less accurate OR 

performance (97%) followed by more accurate performance on the APL test (33%) and 

DR test (44%). The K cluster showed the least accurate OR performance (86%), 

followed by the same level of test accuracy (APL at 33%, DR at 44%) that had occurred 

in the N cluster. 

In Session 9, prior to the second administration of testing, OR performance 

accuracy was almost the same in all clusters: K at 97%, N at 100%, and S at 100%. All 

three showed similar levels of accuracy in DR test Session 11 (K at 96%, N at 100%, 

and S at 97%), but only the S cluster showed APL test accuracy at Session 10 (K at 

33%, N at 33%, and S at 94%). Thus, for Subject 1, greater or less OR accuracy did not 

correspond to higher or lower levels of test accuracy. 

Subject 2. For this subject, the relative accuracy of OR performance 

corresponded to greater or less accuracy in tests. Graphs 2A, 2B, and 2C show that at 

Session 16, prior to testing, the most accurate OR performances occurred in the K cluster 

(100%) and S cluster (100%). In testing that followed (Sessions 17 and 18), these high-

accuracy clusters showed high test accuracy: K cluster, APL at 94% and DR at 100%; S 

cluster, APL at 97% and DR at 90%. The lowest accuracy of OR performance in 

Session 16 occurred in the N cluster (86%); this cluster then showed the least accurate 

test performance in Sessions 17 and 18 (APL at 72% and DR at 63%). Thus, for Subject 

2, greater OR accuracy was followed by greater test accuracy, and less OR accuracy was 

followed by lower test accuracy. 

Subject 3. For this subject, the relative accuracy of OR performance did not 

correspond to the relative accuracy of test performance. Graphs 3A, 3B, and 3C show 

that at Session 11, prior to testing, the most accurate OR performance occurred in the S 
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cluster (97%). In the following test Sessions 12 and 13, however, APL test accuracy 

was only 75% and DR test accuracy was only 61% in the S cluster, considerably less 

than test performance in the K cluster. At Session 11, both K and N clusters showed OR 

accuracy of 92%, less than the accuracy shown in the S cluster. However, during testing 

K cluster performance was the most accurate: APL test at 100% and DR test at 92%. N 

cluster test performance was the least accurate: APL test at 50% and DR test at 75%. 

Thus, for Subject 3, relative OR accuracy did not correspond to test accuracy. 

Subject 4. For this subject, the relative accuracy of OR performance 

corresponded to the relative level of accuracy in tests. Graphs 4A, 4B, and 4C show that 

at Session 15, prior to testing, the most accurate OR performance occurred in the N 

cluster (100%) and S cluster (97%). Then, in test Sessions 16 and 17, these two clusters 

showed the highest accuracy in the APL tests (N at 44% and S at 44%) and DR tests (N 

at 99% and S at 69%). In Session 15 the least accurate OR performance occurred in the 

K cluster (79%). This was followed, in Sessions 16 and 17, by the least accurate 

performance in the APL test (K at 22%) and the DR test (K at 36%). Thus, for Subject 

4, relative OR accuracy corresponded to the level of accuracy in testing. 

OR Rate Corresponding to Test Accuracy 

Results for each subject were examined to see whether higher rates of correct OR 

responding corresponded to higher test accuracy. Data concerning OR rate were 

compared between clusters for each subject. For example, if the subject's OR 

performance in the K cluster was at a higher rate than OR performance in the N cluster, 

the analysis looked at whether test accuracy was greater in the higher-rate K cluster than 

in the lower-rate N cluster. Three of the four subjects did show correspondence between 

higher rates of correct OR performance and greater accuracy in tests. 
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Subject 1. This was the only subject who did not show correspondence between 

OR rates and test accuracy. A comparison of Graphs 1A, IB, and 1C at Session 3 shows 

that the OR rate was highest for the S cluster (20/minute); the clusters K and N had 

lower OR rates (16/minute and 17/minute). However at Test 1 (Sessions 4 & 5) the 

high-rate S cluster showed the worst accuracy (APL at 0% and DR at 25%). At Session 

9 all three clusters had almost the same OR rate: K was at 26/minute, N was at 

25/minute, and S was at 26/minute. However at Test 2 (Sessions 10 & 11) the S cluster 

was the only one to show accurate APL test performance (94% versus 33% for the K and 

N clusters). At Test 2, all clusters showed accurate DR test performance (K at 96%, N at 

100%, and S at 97%), so no contrast between clusters was possible. At Tests 3 and 4, 

test performance was highly accurate for all clusters, so no contrast was possible. 

Subject 2. For this subject, higher OR rates in a cluster did correspond to greater 

test accuracy for the same cluster. A comparison of Graphs 2A, 2B, and 2C shows that 

the rates of OR performance at Session 16, prior to testing, were higher in the clusters K 

(24/minute) and S (22/minute) and lower in the cluster N (18/minute). At Test 1 

(Sessions 17 & 18) the two clusters with the higher rates showed APL accuracy (K at 

94%, S at 97%) while the lower-rate cluster showed only partial accuracy (N at 72%). 

Also at Test 1, the high-rate clusters showed DR accuracy (K at 100%, S at 90%), while 

the low-rate cluster showed only partial accuracy (N at 63%). Thus, for Subject 2, 

higher rates of OR performance were followed by greater test accuracy. 

Subject 3. For this subject, the highest rate of correct OR performance was 

followed by the first occurrence of accurate test performance. Graphs 3A, 3B, and 3C 

show that at Session 11 the highest rate of correct OR performance was in the K cluster 

(27/minute). During the same session, rates were somewhat lower in the N cluster 

(25/minute) and S cluster (24/minute). During test Sessions 12 and 13, only the high-
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rate K cluster showed accurate APL performance (100%) and DR performance (92%). 

During test Sessions 12 and 13, the lower-rate clusters showed inaccurate or partially 

accurate APL performance (N at 50%, S at 75%), and DR performance (N at 43%, S at 

61%). 

Subject 4. For this subject, who showed test accuracy only in DR sessions, the 

highest rate of correct OR performance was followed by the first occurrence of DR test 

accuracy. Graphs 4A, 4B, and 4C show that at Session 15 the highest rate of correct OR 

performance was in the N cluster (24/minute). Rates of correct OR performance in the 

other two clusters were substantially lower at Session 15: K at 13/minute and S at 

18/minute. During test Session 17, the high-rate cluster showed accurate DR 

performance (N at 99%); the middle rate cluster showed partially accurate DR 

performance (S at 69%); and the low-rate cluster showed inaccurate DR performance (K 

at 36%). This clear correspondence between OR rate and DR test accuracy became less 

clear at OR Session 19 and DR Session 21. Rates in the N cluster (24/minute) and in the 

S cluster (19/minute) had remained almost the same at Session 19, but in Session 21 DR 

test accuracy occurred in both the N cluster (97%) and in the S cluster (97%). At 

Session 19 the rate of correct OR performance in the K cluster had increased to 

19/minute, the same as in the S cluster, but Session 21 showed only partial DR (69%). 

OR Practice Corresponding to Test Accuracy 

Results for each subject were compared between clusters to see whether greater 

amounts of OR practice corresponded to greater test accuracy. Two subjects (2 and 4) 

showed some correspondence between cumulative number of correct OR trials and test 

accuracy. The other two subjects (1 and 3) did not show this correspondence. 

Subject 1. This subject's results did not show a clear correspondence between 

OR practice and test accuracy. Graphs ID, IE, and IF show that at Session 9, prior to 
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testing, the cluster with the highest cumulative number of correct OR trials, shown by 

the height of the bar, was S (244 trials), followed closely by N (243 trials) and by K (240 

trials). During test Sessions 10 and 11, only the S cluster showed accurate performance 

in both the APL test (94%) and the DR test (97%). During Sessions 10 and 11, both K 

and N clusters showed inaccurate APL performance (K at 33%, N at 33%) and accurate 

DR performance (K at 96%, N at 100%). Although the S cluster, with the most practice, 

was the only one to show accurate APL test performance, the difference in practice was 

negligible (S at 244 trials, N at 243 trials). Thus we cannot say that greater practice 

clearly corresponded to test accuracy for Subject 1. 

Subject 2. For this subject, more practice corresponded to greater test accuracy. 

Graphs 2D, 2E, and 2F show that the two clusters with the greatest number of 

cumulative OR trials at Session 16, prior to testing, were K (527 trials) and S (497 

trials). In test Sessions 17 and 18, the K and S clusters then showed accurate 

performance in APL tests (K at 94%, S at 97%) and DR tests (K at 100%, S at 90%). 

The N cluster had the least OR practice (470 trials) at Session 16, prior to testing* in 

Sessions 17 and 18, this cluster showed only partial accuracy in APL testing (72%) and 

DR testing (63%). Thus, for Subject 2, greater practice corresponded to greater test 

accuracy. 

Subject 3. For this subject, the amount of practice did not correspond to the 

degree of test accuracy. Graphs 3D, 3E, and 3F show that at Session 11, prior to testing, 

the cluster with the highest cumulative number of correct OR trials was S (360 trials), 

followed by N (347 trials) and K (346 trials). However during testing at Sessions 12 and 

13, only the K-Cluster, with the least practice, showed accuracy in the APL test (100%) 

and DR test (92%). The S cluster showed partial accuracy in both tests (APL at 75%, 
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DR at 61%). The N cluster showed inaccurate performance in both tests (APL at 50%, 

DR at 43%). Thus no correspondence appeared between practice and test accuracy. 

Subject 4. For this subject, the amount of OR practice corresponded to the 

appearance of accurate DR test performance in the first test administration (Sessions 16 

and 17). In the second test administration (Sessions 20 and 21) correspondence between 

practice and test accuracy was obscured. Graphs 4D, 4E, and 4F show that at Session 

15, prior to testing, the N cluster had a much larger cumulative number of correct OR 

trials (516 trials) than did the K cluster (441 trials) or the S cluster (439 trials). At test 

Session 17, only the N cluster showed accuracy in the DR test (99%). At Session 17, K 

cluster performance on the DR test was inaccurate (36%), while S cluster test 

performance was partially accurate (69%). Thus, from Session 15 to Session 17, 

practice clearly corresponded to test accuracy. Results of the second test administration 

were less clear. 

At Session 19, prior to testing, the N cluster still had the greatest number of 

correct OR trials (587 trials). The other two clusters showed lower levels of practice that 

were nearly the same: K at 507 trials, S at 510 trials. During test Session 21, the two 

clusters with the most practice, N and S, showed accurate DR test performance (N at 

99%, S at 99%). The K cluster showed partial accuracy in the DR test (69%) although 

the amount of practice was almost the same as the level for the S cluster. Thus, 

correspondence between practice and test accuracy was present, but obscured at Sessions 

19 and 21 for Subject 4. 

OR Stability Corresponding to Test Accuracy 

Results were examined for each subject to see whether greater stability of OR 

performance corresponded to greater test accuracy. For example, if a subject's OR 

performance was most stable in the K cluster, did the K cluster show the most accurate 



48 

test performance? Subjects 1,2, and 4 showed some correspondence between stability 

of OR performance and test accuracy. Subject 3 did not show this correspondence. 

Subject 1. For this subject, greater stability of OR performance corresponded to 

greater test accuracy. Graphs ID, IE, and IF show accuracy of OR performance (dots), 

by session, for each cluster. To compare stability among the three clusters, we can 

observe the five OR sessions prior to testing Sessions 10 and 11. OR stability was 

defined as minimal variation from 100% correct over the five OR sessions prior to 

testing. S cluster performance was the most stable, having the following variations from 

complete accuracy: 0% (Session 3); 3% (Session 6); 3% (Session 7); 0% (Session 8); 0% 

(Session 9). Then at Sessions 10 and 11, S cluster performance was accurate in both the 

APL test (94%) and the DR test (97%). More stable OR performance was followed by 

test accuracy. 

K cluster and N cluster performances were less stable over the five OR sessions 

prior to testing. Variations from complete accuracy in the K cluster were: 14% (Session 

3); 3% (Session 6); 3% (Session 7); 3% (Session 8); 3% (Session 9). In Sessions 10 and 

11, K cluster performance was inaccurate on the APL test (33%), and accurate on the 

DR test (96%). Looking at the N cluster, we see that variations from complete accuracy 

were: 3% (Session 3); 0% (Session 6); 0% (Session 7); 8% (Session 8); and 0% (Session 

9). In Sessions 10 and 11, N cluster performance was inaccurate on the APL test (33%) 

and accurate on the DR test (100%). Less stable OR performance was followed by 

inaccurate APL test performance. 

Subject 2. F o r t h i s subject, stability of OR performance corresponded to test 

accuracy. Graphs 2D, 2E, and 2F show OR accuracy (dots), by session, for each cluster. 

K cluster and S cluster performance were the most stable over the five OR sessions prior 

to testing Sessions 17 and 18. By contrast, N cluster performance was much less stable 
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over the same five sessions. For the K cluster, variations from complete accuracy were: 

8% (Session 12); 11% (Session 13); 6% (session 14); 3% (Session 15); and 0% (Session 

16). For the S cluster, variations were: 3% (Session 12); 6% (Session 13); 8% (Session 

14); 3% (Session 13); and 0% (Session 16). At Sessions 17 and 18, test performance 

was accurate for both the K cluster (APL test 94%, DR test 100%) and the S cluster 

(APL test 97%, DR test, 90%). 

N cluster OR performance was the least stable, showing the following variations 

from accuracy: 8% (Session 12); 22% (Session 13); 6% (Session 14); 14% (Session 

15); 14% (Session 16). At Sessions 17 and 18, test performance was only partially 

accurate for the N cluster (APL test 72%, DR test 63%). Thus, for Subject 2, greater 

OR stability (K and S) corresponded to test accuracy, while less OR stability (N) 

corresponded to less accurate test performance. 

Subject 3. For this subject, stability of OR performance did not clearly 

correspond to test accuracy. Graphs 3D, 3E, and 3F show OR performance accuracy 

(dots) prior to testing Sessions 12 and 13. Performance over the previous five OR 

sessions shows the same level of stability for the K cluster and the S cluster. For the K 

cluster, variations from complete accuracy were: 3% (Session 7); 6% (Session 8); 0% 

(Session 9); 6% (Session 10); and 8% (Session 11). Variations for S cluster 

performance were: 8% (Session 7); 0% (Session 8); 6% (Session 9); 6% (Session 10); 

and 3% (Session 11). In test Sessions 12 and 13, the K cluster showed test accuracy 

(APL at 100%, DR at 92%), while the equally stable S cluster showed only partial 

accuracy in testing (APL at 75%, DR at 61%). 

N cluster OR performance was the least stable, showing the following variations 

from complete accuracy: 22% (Session 7); 22% (Session 8); 8% (Session 9); 8% 

(Session 10); and 8% (Session 11). This cluster showed the least accuracy in test 
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Sessions 12 and 13 (APL at 50%, DR at 41%). Although inaccurate test results 

corresponded to the least stable OR performance (N cluster), the difference in test 

accuracy between the K and S clusters does not correspond to a difference in OR 

stability. Therefore, we cannot say that there is a clear correspondence between OR 

stability and test performance for Subject 3. 

Subject 4. For this subject, stability of OR performance corresponded closely to 

the degree of accuracy in DR testing. Graphs 4D, 4E, and 4F show OR performance 

accuracy (dots) prior to test sessions 16 and 17. The N cluster had the most stable 

performance over the five OR sessions prior to testing. Variations from complete 

accuracy for N cluster performance were: 0% (Session 11); 3% (Session 12); 0% 

(Session 13); 6% (Session 14); and 0% (Session 15). In Session 17, DR test 

performance was accurate only in the stable N cluster (DR at 99%). 

The S cluster showed less stability than N, but more stability than K. Variations 

from complete accuracy for the S cluster were: 3% (Session 11); 0% (Session 12); 6% 

(Session 13); 11% (Session 14); and 3% (Session 15). In Session 17, DR test 

performance was partially accurate for the S cluster (DR at 69%). K cluster OR 

performance was the least stable, with the following variations from accuracy: 36% 

(Session 11); 22% (Session 12); 22% (Session 13); 42% (Session 14); and 22% 

(Session 15). In Session 17, DR test performance was inaccurate for the K cluster (DR 

at 36%). Thus we can see a clear correspondence between the level of OR stability and 

the degree of DR test accuracy for Subject 4. 

Summary of Correspondence Between Test Accuracy and OR Properties of Accuracy 

Rate. Practice, and Stability 

Several answers to the secondary experimental question were indicated by the 

data summarized in Table 3. Achievement of OR accuracy alone (absolute accuracy) 
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was not consistently followed by test accuracy. Relative OR accuracy corresponded to 

greater test accuracy only for the two subjects for whom rate, practice, and stability also 

corresponded to test accuracy. Therefore, some amount of additional training, or "over 

learning", beyond accuracy seemed to be needed before APL and DR test accuracy 

would occur. The properties of rate, practice, and stability, all potential indicators of the 

adequacy of additional training, appeared to have different significance for different 

individual subjects. Rate and stability were indicators for three subjects, while practice 

was an indicator for two subjects. One pattern was consistent, however. When rate, 

practice, or stability showed some correspondence with test accuracy, the effect was 

always stronger at the level of the entire cluster than at the level of individual 

populations. This may be due to the fact that individual populations do not separate 

from the undifferentiated cluster performance until the later stages of training, when the 

equivalence classes are formed. Properties of an individual population (rate, practice, 

stability) may not have much meaning until after that population has become 

differentiated from overall cluster performance. This may explain why Subject 2 did 

show correspondence at the population level between all three properties (rate, practice, 

and stability) and test accuracy. Subject 2 received more training sessions than other 

subjects, including several sessions after many individual populations had probably 

formed. Thus, for Subject 2, properties of OR performance at the population level 

appear to have been more meaningful than for other subjects. 

DISCUSSION 

The primary experimental question was whether subjects would perform an 

application task (APL) that required the combining of a pre-existing equivalence class 

and a newly formed equivalence class that shared a common stimulus. Three of four 



52 

subjects demonstrated the application of derived relations to answer simple math 

problems. All subjects demonstrated emergence of derived relations as a result of OR 

training. 

Educational practitioners may find it practical and efficient to use computer-

delivered matching-to-sample procedures to produce stimulus equivalence relations 

relevant to the content of an academic subject matter. Application of these equivalence 

relations to more complex tasks, such as answering math problems, appears to require 

some degree of overlearning during training of the original relations. Teachers and 

experimenters using such a training procedure could profit from knowing how much 

overlearning is necessary and sufficient for application. The secondary experimental 

question pertained to those characteristics of trained performance (ORs) that might 

indicate the adequacy of overlearning. The results of the present experiment suggest that 

rate and stability of performance may be more useful than practice (cumulative number 

or correct training trials) as indicators of overlearning adequacy. 

The correspondence of rate to accurate application seems to support the 

contention of fluency researchers in education and other applied fields. Authors such as 

Lindsley (1992), Binder (1996b), Johnson & Layng (1992), and Haughton (1972) have 

pointed to the importance of rate, and not simply accuracy, as a critical measure of 

performance strength. Those in the field have described fluency as a combination of 

accuracy and speed, or rate of correct responding. They have discussed the need for 

fluency on component skills if these are to be applied to more complex composite tasks. 

Results of the current experiment indicate that for three subjects higher rates of 

correct responding on the component skill (original relations) corresponded to correct 

performance of the composite APL task. This finding contrasts with the results of an 

earlier study by the author in which no such correspondence appeared. The experimental 
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procedure for the current study was modified from that of the earlier study by presenting 

the APL test immediately after OR training, rather than after exposure to DR probes 

which might have had an effect of additional training. This provided for the possibility 

of more variation in performance on the derived relations (DR), and the APL relations. 

Thus it was possible to look for correspondence between faster ORs and successful test 

performance. 

Findings of the current experiment differ from those of Burkett (1995) who 

studied the possible relation between fluent original relations and the emergence of 

derived relations. Burkett found no correspondence between higher fluency on original 

relations and accuracy on DR tests. The difference may be due in part to the fact that the 

APL test in the current experiment is an application of emergent, or derived, relations, 

rather than simply a test of those derived relations. The APL test may be more like the 

composite task described by fluency researchers, because it requires two "steps" to be 

performed in the test, the numeral-math problem relation (pre-existing repertoire) and 

the figure-numeral relation (derived C-A relation). In being more like a composite task, 

it may provide more opportunity for different levels of OR fluency to exert a differential 

effect on test performance. However, even in the case of Subject 4, who demonstrated 

derived relations but not the APL relations, more fluent ORs corresponded to accurate 

test performance. 

Results of an earlier version of this experiment were presented by the author at a 

symposium attended by several fluency researchers (Luby 1996). These results did not 

indicate a correspondence between more fluent ORs and correct test performance. One 

explanation for the lack of effect was offered by Binder (1996a), who pointed out that in 

the applied area, the contrast in rate between high-fluency and low-fluency component 

skills is much greater than in the experiment. Rates of fluent performance can be five or 
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ten times greater than rates of accurate-only performance; this degree of difference in 

fluency has consistently resulted in differences in performance on composite tasks. In 

the present experiment, however, the differences in rate between the fastest and slowest 

clusters, or populations, that have reached the accuracy criterion were much smaller, in 

the range of 1.25 to 1.5 times faster for the high-rate clusters or populations. The 

experimental procedure of selecting a comparison in response to a sample involves so 

little response topography that it has proved difficult to produce accurate OR responses 

that are not also fast. Rosales-Ruiz & Hensley (1997) conducted fluency research in 

which they used a method that differed from a match-to-sample procedure in that 

subjects typed a specific pattern of three keys to "match" the sample stimulus presented. 

Subjects were trained to different degrees of fluency on the response topographies, and 

this in turn had a pronounced effect on the speed with which they learned the matching 

relations that required the response topographies. This suggests that degrees of fluency 

may have a more marked effect when complex and varied response topography is 

involved, rather than with minimal and unvarying response topography. If an 

experiment involves a rigorously defined match-to-sample, or conditional 

discrimination, procedure the response topography is the same: selecting one of several 

comparison stimuli. However, if the procedure requires the subject to produce the 

matching stimulus in some way, as by saying a word, or typing a specific series of keys, 

more variation in response topography is likely. Procedures of this type may be more 

likely to show effects of fluent component skills on composite tasks. 

The procedure used in the current experiment had a feature which may have 

reduced the range of variation in rates of correct responding on ORs. There was a 1-

second interval between each trial which may have constrained the rate of correct OR 

responding in some subjects. The current procedure provided continuous reinforcement 



55 

of correct OR responses in the form of a message saying " 1 point." The 1-second 

interval provided time for the subject to see whether or not the " 1 point occurred. 

Future research could modify the procedure to provide additional "No-Feedback" OR 

sessions after one or more clusters have been learned to the accuracy criterion. Subjects 

would be informed that the session would provide no feedback. The additional OR 

sessions would not present points for correct responses, and could thus eliminate the 

intertrial interval. Thus we might see rates of correct responding increase substantially 

for well-learned clusters and populations. This might result in a wider range of variation 

between high-rate and low-rate clusters and populations, which could then be examined 

for correspondence to test accuracy. 

Future research could be modified to encourage further variation in a subject's 

performance by testing as soon as the accuracy criterion was achieved in one cluster. 

This procedure was used for Subject 1, but additional training was provided for Subjects 

2,3, and 4. This was because in the current experiment the primary question was 

whether subjects could perform the APL test. Affirmative results would be more 

convincing if subjects had never been exposed to the possible "training" effects of DR 

probe trials. Thus additional OR training was provided for Subjects 2,3, and 4 when 

Subject l's APL performance was weak at the first test administration. Although 

replication would be desirable, results of the current experiment seem to have answered 

the first question affirmatively. 

Further research should consider the fact that no single experimental procedure 

may be best for addressing several related issues. One procedure might provide 

convincing data regarding one question, but equivocal data for a related question. If the 

procedure were modified to eliminate the confounds regarding the second question, 

results might become equivocal for the first question. Instead of trying to answer both 
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questions completely with one procedure, a series of related experiments with differing 

procedures is a better solution. 

Research building on the current experiment might emphasize the second 

question of whether accuracy, rate, practice, or stability best indicate the likelihood 

accurate test performance. To allow for more variation in a subject's OR performance as 

well as test performance, the procedure could be modified to administer testing as soon 

as the accuracy criterion is reached in one cluster, as was done with Subject 1. Unlike 

the procedure used for Subject 1, however, one or more "No-Feedback" OR sessions 

could be administered to allow for the rate to increase without the ceiling imposed by the 

1-second intertrial interval. During No-Feedback OR sessions we might expect OR 

performance to improve most for the cluster which had reached the accuracy criterion, 

somewhat for clusters which were approaching the accuracy criterion, and not at all for 

clusters which were still largely inaccurate. The most desirable outcome of additional 

rate-building sessions, for allowing the experimental comparisons of interest, would be 

two clusters with OR accuracy but with a pronounced difference in rate. This might then 

result in corresponding variation in test performance. 

The revised procedure might also allow us to distinguish between the effects of 

fluency and stability in contributing to test performance. In the No-Feedback OR 

sessions, some subjects might continue to get faster without improving their percent 

accuracy; this could result in higher rates of corrects per minute simply because the 

same percentage of corrects is occurring in a shorter overall time frame. The stability 

criterion used in the current and proposed experiments includes a requirement of 100% 

accuracy. Therefore, OR performance whose accuracy was consistently 90% over a 

series of sessions would show a lower "stability of correct responding" (as defined in the 

current experiment) than another OR performance whose accuracy was consistently 98% 
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over the same series of sessions, regardless of the rates of corrects per minute. It is 

likely that when both fluency and stability are high for a cluster or population test 

performance will be strongest. Nevertheless, it would be interesting to see whether high 

fluency and lower stability or high stability with lower fluency would produce stronger 

test performance. 

It should be noted that the revised procedure, like the procedure used in the 

current experiment, would not directly manipulate rate, practice, or stability as 

independent variables. Rather it would rely on naturally occurring variation between 

clusters and populations in OR performance and in test performance. This variation 

would then provide the basis for further examining the correspondence between these 

characteristics of OR performance and the accuracy of APL and DR test performance. 

In conclusion, the results of the current experiment demonstrate that subjects 

performed an application task that required the combining of a pre-existing equivalence 

class and a newly-formed equivalence class that shared a common stimulus. This is a 

close analog to many practical academic and/or verbal learning tasks, and thus suggests 

the relevance of stimulus equivalence procedures to such applications. The study 

suggests that some degree of overlearning beyond accuracy is necessary for performance 

of the application task. Finally, the amount, or degree, of overlearning required for 

application might best be determined by looking at the fluency and stability of OR 

performance rather than by looking at practice, or number of correct OR trials. 
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Figure 1. Diagram of pre-existing (I), trained (II), and emergent (III & IV) relations in 
early Sidman experiment. 
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AB 

Dictated Names BC CB 

Written Names 

Figure 6. Diagram of face-name matching, adapted fromCowley, Green & Braunling-
McMorrow (1992). Pre-existing relations are shown with a solid thin line, trained 
relations are shown with a solid bold line, and emergent relations are shown with a 
broken line. 

Figure 7. Representative trials from Lynch & Cuvo (1995) study. (AB training and AC 
testing). 
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My name is John Luby. I am a candidate for the Masters Degree in Behavior Analysis, 
at the Center for Behavior Analysis, in the School of Community Service at the 
University of North Texas. This research is being conducted for my Masters Thesis. 

Informed Consent Form 

. agree to participate in a study designed to 
investigate human learning. I am aware that my participation will involve using a 
personal computer. I have been informed that my participation involves attending for 
approximately 5 days, for about 1 hour each day. 

I understand that during the experiment I will have the opportunity to obtain 
money. I understand that the data collected during the experiment will be treated as 
confidential, kept in a locked file cabinet, and encoded in a computer database so that I 
am not identified. I agree to allow John Luby or Dr. Sigrid Glenn to use the results of 
my experimental sessions in any way thought best for publication or education, keeping 
my identity associated with the data confidential. I understand that the results of these 
experimental sessions will be explained to me in a debriefing session after all the 
sessions have been completed. 

I have been informed that there is no personal risk or discomfort directly 
involved with this research. I understand that my participation in this experiment is 
voluntary and that I may withdraw at any time without penalty. If I have any questions 
or problems that arise in connection with my participation in this experiment, I should 
contact Dr. Glenn at Room 360 Chilton Hall, or by phone at (817) 565-2561 (work) or 
(817) 387-5027 (home). 

(Date) (Signature of Participant) 

(Date) (Signature of Investigator) 

THIS PROJECT HAS BEEN REVIEWED BY UNIVERSITY OF NORTH TEXAS 
COMMITTEE FOR THE PROTECTION OF HUMAN SUBJECTS (Phone: 817-565-

Figure 11. Informed consent form. 
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Instructions to Read to Subject at Beginning of First Session 
(Subject is seated in front of the computer he/she will use.) 

This experiment is designed to study human learning. It requires approximately five 
days, an hour each day, to complete the series of tasks in the experiment. Each day, you 
will complete 3 or 4 short sessions during the hour. Different people may need 
somewhat more or less time to complete the series. 

You will use this personal computer. Your job is to earn points during each session. 
The points are exchangeable for money at the end of the experiment at the rate of one 
cent per point. During some sessions you will get immediate feedback about the points 
as you earn them. During other sessions you will see a "no feedback" message, and you 
will get no feedback about points. During these "no-feedback" sessions, you will still be 
earning points exchangeable for money at the end of the experiment. At the end of the 
last session, I'll tell you more about the purpose of the experiment if you are interested. 
Also, this window [experimenter points out the observation window to the left of the 
subject] is a one-way mirror that allows the researcher to observe from the adjoining 
room. From time to time I will observe the screen and the keyboard as you perform the 
task. 

[First screen of first session is displayed, with the message "During the following 
sessions you will be earning points and you will receive FEEDBACK. - Press 
any Key to Begin."] 

Notice the message on the screen tells you whether or not you will be getting feedback 
as 
you earn points. Please begin the session by pressing any key. 

[Wait for subject to press key, and for sample stimulus to appear.] 

When you see a figure here, press the up arrow key. 
[Wait for subject to press up arrow, and for 3 comparison stimuli to appear.] 

When you see three figures appear here, press one of the other arrow keys. 
[Wait for subject to press arrow key, and for points (if correct) and next sample 
to appear.] 

Good. Continue to press the up arrow key when you see the top figure, and one of the 
other arrow keys when you see the other three figures. Every time the three lower 
figures appear it is possible to earn one point. 

[Allow subject to go through several more trials, making sure he/she gets a "+ 1 
point" message at least once. Then finish the script.] 

When you get to the end of the session, you will see the words, "Please exit the lab and 
get attendant." Come get me so I can record your points and set up your next session. 

If you have any questions, please ask now, because once you begin, I can't answer any 
questions till the experiment is over. At that time I will discuss the experiment if vou 
wish. . 

[If the subject has a question, read the instructions, or the relevant portion of the 
instructions, again. ] 

Figure 12. Instructions read to subject. 
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TABLE 1 

Training and Testing History for Four Subjects 
Subject 1 

Session Type Accuracy Accuracy Accuracy 

Day 2 

Day 3 

Day 4 

P Cluster P Cluster P Cluster 
Pretraining 75% 100% 100% 

K Cluster N Cluster S Cluster 
Session 1 AB training 94% 89% 97% 
Session 2 BC training 97% 89% 94% 
Session 3 ABBC training 86% 97% 100% 
Session 4 APLtest 33% 33% 0% 
Session 5 DR test 44% 44% 25% 

Session 6 AB training 97% 100% 97% 
Session 7 BC training 97% 100% 97% 
Session 8 ABBC training 97% 92% 100% 
Session 9 ABBC training 97% 100% 100% 
Session 10 APLtest 33% 33% 94% 
Session 11 DR test 96% 100% 97% 

Session 12 ABBC training 100% 100% 100% 
Session 13 ABBC training 97% 97% 100% 
Session 14 APL test 100% 94% 94% 
Session 15 DR test 96% 100% 100% 

Session 16 ABBC training 100% 100% 100% 
Session 17 APL test 97% 100% 97% 
Session 18 DRtest 96% 100% 100% 
Session 19 MATH test 100% 100% 97% 
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TABLE 1 
(continued) 

Training and Testing History for Four Subjects 
Subject 2 

Session Type 

P Cluster P Cluster P Cluster 
Day 1 Pretraining 75% 97% 80% 

K Cluster N Cluster S Cluster 
Session 1 AB training 92% 61% 61% 
Session 2 BC training 64% 89% 89% 
Session 3 AB training 100% 81% 92% 
Session 4 BC training 92% 92% 89% 

Day 2 Session 5 ABBC training 75% 42% 67% 
Session 6 ABBC training 86% 50% 69% 
Session 7 AB training 100% 86% 67% 
Session 8 BC training 94% 89% 100% 
Session 9 ABBC training 97% 97% 75% 

Day 3 Session 10 AB training 100% 94% 94% 
Session 11 BC training 92% 89% 97% 
Session 12 ABBC training 92% 92% 97% 
Session 13 ABBC training * 89% 78% 97% 
Session 14 ABBC training 94% 94% 92% 

Day 4 
(* in extinction) 

Day 4 Session 15 ABBC training 97% 86% 97% 
Session 16 ABBC training * 100% 86% 100% 
Session 17 APL test 94% 72% 97% 
Session 18 DR test 100% 63% 90% 
Session 19 MATH test 100% 100% 100% 
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TABLE 1 
(continued) 

Training and Testing History for Four Subjects 
Subject 3 

Session Jm. Accuracy Accuracy Accuracy 

Day 1 

Day 2 

Day 3 

Day 4 

P Cluster P Cluster P Cluster 
Pretraining 36% 53% 92% 

K Cluster N Cluster S Cluster 
Session 1 AB training 69% 58% 86% 
Session 2 BC training 15% 100% 72% 
Session 3 AB training 12% 89% 83% 
Session 4 BC training 92% 97% 89% 

Session 5 AB training 81% 94% 92% 
Session 6 BC training 94% 94% 100% 
Session 7 ABBC training 97% 78% 92% 
Session 8 ABBC training 94% 78% 100% 

Session 9 AB training 100% 92% 94% 
Session 10 BC training 94% 92% 94% 
Session 11 ABBC training 92% 92% 97% 
Session 12 APL test 100% 50% 75% 
Session 13 DR test 91% 43% 69% 

Session 14 ABBC training 97% 83% 89% 
Session 15 ABBC training 97% 94% 100% 
Session 16 APL test 94% 94% 89% 
Session 17 DR test 97% 92% 96% 
Session 18 MATH test 100% 97% 100% 
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TABLE 1 
(continued) 

Training and Testing History for Four Subjects 
Subject 4 

Session Type Accuracy Accuracy Accuracy 

P Cluster P Cluster P Cluster 
Day 1 Pretraining (1) 17% 36% 36% 

Pretraining (2) 33% 33% 19% 
Pretraining (3) 33% 58% 50% 
Pretraining (4) 91% 78% 81% 

K Cluster N Cluster S Cluster 
Session 1 AB training 78% 75% 53% 
Session 2 BC training 100% 97% 97% 

Day 2 Session 3 AB training 94% 97% 28% 
Session 4 BC training 100% 97% 92% 
Session 5 AB training 94% 94% 86% 
Session 6 BC training 94% 100% 86% 
Session 7 ABBC training 67% 89% 72% 
Session 8 ABBC training 64% 97% 69% 

Day 3 Session 9 AB training 97% 97% 67% 
Session 10 BC training 81% 97% 66% 
Session 11 ABBC training 64% 100% 97% 
Session 12 ABBC training 78% 97% 100% 
Session 13 ABBC training 78% 100% 94% 

Day 4 Session 14 ABBC training 58% 94% 89% 
Session 15 ABBC training 78% 100% 97% 
Session 16 APL test 22% 44% 44% 
Session 17 DR test 36% 99% 69% 

Day 5 Session 18 ABBC training 89% 100% 100% 
Session 19 ABBC training 94% 97% 97% 
Session 20 APL test 3% 44% 42% 
Session 21 DRtest 69% 99% 99% 
Session 22 MATH test 94% 100% 94% 
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Figure 13. Graphs 1A, IB, and 1C for Subject 1, showing accuracy and rate of correct 

performance. 
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Figure 14. Graphs 2A, 2B, and 2C for Subject 2, showing accuracy and rate of correct 

performance. 
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Figure 15. Graphs 3A, 3B, and 3C for Subject 3, showing accuracy and rate of correct 

performance. 
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Figure 16. Graphs 4A, 4B, and 4C for Subject 4, showing accuracy and rate of correct 

performance. 
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Figure 17. Graphs ID, IE, and IF for Subject 1, showing accuracy and practice. 
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Figure 18 Graphs 2D, 2E, and 2F for Subject 2, showing accuracy and practice. 



87 

SfBRL a o 1»iJOD 
eAjjepMurio :e3jpcj<j 

8 O § O 8 O S O S o q 
m i n ^ ^ n n N M ' - r i n c 

0 
*£ 

1 « 
n 

2 
£L 

I 1 

s 
o 

X 
a * H 
s % 

§ g 5 8 

p e j j o o 
)us3ici(j i s e j m s v 

spejii « 0 P » i » D 
BAoeinuino :aDB3Cid 

S § § o § § 8 o S S o 
i o m « * « r t N N ' r » - i n c 

• C 

S I ° E JO 
3 « 

. 5 
3 
o 

b a 

2 
0-

I 
"O 

a 
2 
o £ ° 

I is 
fc ® 

* i 

# ^ ^ ^ ^ 

sjeyj. p e j j o o 
pieaied 

emuwysjBUjL 

jooxioo :ejeu 

S o S o S o S o S o c 

o Z 

0 
w 

1 2 
AS a 
JB 

2 
<L 
•o 

jS -8 

! s < 

2 
3 £ o 
< 

ft 3 c 
j c 
a 
2 o < 
O -Q n~ 

c 

£ ¥ 
•a tc 
i ° * § 

I I 

<5 ® 
u 

I 

£ £ £ £ £ # 

s j e p i p a x w o 
fu»3J«d rAaejnaov 



88 

Figure 19. Graphs 3D, 3E, and 3F for Subject 3, showing accuracy and practice. 
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Figure 20. Graphs 4D, 4E, and 4F for Subject 4, showing accuracy and practice. 
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