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ABSTRACT 

Nonidentity Matching-to-Sample with Retarded Adolescents: 

Stimulus Equivalences and Sample-Comparison Control 

by 

Robert Stromer 

Utah State University, 1980 

Major Professor: Or. J. Grayson Osborne 

Department: Psychology 

vii 

In Experiment 1, four subjects were trained to match two visual 

samples (A) and their respective nonidentical visual comparisons (B); 

i.e., A-B matching. During nonreinforced test trials, all subjects 

demonstrated stimulus equivalences within the context of sample-com

parison reversibility (B-A matching): When B stimuli were used as 

samples, appropriate responding to A comparisons occurred. A-Band 

B-A matching persisted given novel stimuli as alternate comparisons. 

However, the novel comparisons were consistently selected in the pre

sence of nonmatching stimuli: i.e., during trials comprised of a 

novel comparison, an A or B sample from one stimulus class, and an 

"incorrect" comparison from the other, B or A stimuli respectively. 

In Experiment 2, three groups of subjects were trained under three 

different mediated trans fer paradigms (e.g. , A-B, C-B matching) . 

Tests for reversibility (e.g., B-A, B-C matching) and mediated trans

fer (e.g., A-C, C-A matching) evinced stimulus equivalences for 11 of 
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12 subjects. The 11 subjects also matched the mediated equivalences 

given novel comparisons; whereas, they selected the novel comparisons 

when combined with nonmatching stimuli. Overall, the demonstrated 

stimulus equivalences favor a concept learning interpretation of non

identity matching-to-sample. Additionally, the trained and mediated 

matching relations were comprised of complementary sets of S+ and S

rules: Any stimulus of a given class used as a sample designated 

both the "correct" and 11 incorrect" comparisons. 

(136 pages) 



CHAPTER I 

INTRODUCTION 

Humans appear uncanny in their ability to behave in novel, seem

ingly unpredictable ways. The conceptual and language repertoires of 

humans are especially rich with exemplars. Spoken words, printed 

words, and pictures or objects bear no physical resemblance to one 

another, yet these stimuli are potential members of common stimulus 

classes. Quite often these stimuli become functionally equivalent 

or interchangeable and used in a variety of conte xts. Moreover, stimu

lus equivalences may be demonstrated even though an explicit training 

history may not be responsible for their categorization. The symbolic 

or· representational nature of such behavior has eluded explanation in 

terms of rudimentary processes of discrimination and generalization 

(Wetherby, 1978). Conceptualizing this phenomenon in tenns of stimu

lus and/or response classes (e.g., Goldiamond, 1962) also appears 

contraindicated for lack of parsimony (Wetherby, 1978). Hence, the 

notion of stimulus equivalences has gained prominence in recent lit

erature. 

The roots of stimulus equivalence research may be traced to the 

early writings of the British associationists who noted that if 

event A ( i . e. , an "idea") became associated with event B, and event 

B then became associated with another event, C, then A and C tended 

to be associated with each other. Considering the void of empirical 

substantiation for associative learning theory, Ebbinghaus (1913) de-



vised an experimental methodology that went far to advance the science 

of psychology. Collectively, these developments were the impetus for 

research in mediated transfer of verbal learning several decades later 

(e.g., Jenkins, 1963; Jenkins & Palermo, 1964). More recently, oper

ant researchers have embarked on an experimental analysis of stimulus 

equivalences. This may have an important influence on future direc

tions of operant research seeking to explain and ultimately predict 

the occurrence of complex, generative behavior. Investigations of 

stimulus equivalences may help to bridge the conceptual gap that exists 

between cognitive psychologists and those adhering to an experimental 

analysis (Sidman, 1979). The present investigation provides data rel

evant to the description of higher-order stimulus control that charac

terizes much of human behavior . 

Nonidentity matching-to-sample is akin to many of the discrimi

native behaviors acquired during receptive language learning and sym

bolic concept formation. The commonality shared by all is that appro

priate responding to environmental events is dependent upon the exis

tence of contextual stimuli arbitrarily associated with these events. 

The nonidentity task is one of three major variants of the b~sic 

matching-to-sample procedure. The other two variants are identity 

matching and oddity-from-sample (Currnning & Berry;nan, 1965). In con

trast to nonidentity matching, during identity matching and oddity, 

the reinforced sample-comparison relations are based on physical 

similarity and dissimilarity, respectively. To illustrate, consider 

the behaviors required during simultaneous nonidentity matching where 
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each of the letter/number designations represent configurally different 

stimuli. Trials commence with a sample stimulus, either Al or A2, 

displayed on the center of three response keys. The subject emits 

an observing response to the sample key, and with the sample still 

present, the two side keys are illuminated with the comparisons Bl 

and 82. In the presence of sample Al, responses to Bl are reinforced; 

whereas, when A2 is displayed, responses to 82 are reinforced. A 

response to either comparison concludes a trial, after which all keys 

are dark for a brief interval. On subsequent trials, presentations 

of samples vary unpredictably, as well as do the left-right positions 

of the comparisons. During simultaneous identity matching or oddity, 

samples Al and A2 are accompanied by the same two stimuli as compar

isons. Thus, when identity matching contingencies are in effect and 

sample Al is presented, reinforcement follows responses to Al; and 

when A2 is the sample, A2 is the reinforced comparison. Under the 

oddity contingencies, responses to the nonmatching comparisons are 

reinforced: If sample Al, choose A2; if sample A2, select Al. These 

procedures are called second-order or conditional discriminations 

(Cumming & Berryman, 1965) since on any given trial, the correct (the 

S+) and the incorrect (the S-) comparisons depend upon ( i.e., are 

conditional upon) the particular sample presented. The descriptor 

11simultaneous 11 matching or oddity refers to the fact that the sample 

remains illuminated concurrently with the comparison stimuli. 

The issue of centra l concern here is the nature of the transfer 

performance of retarded adolescents follow i ng various histor i es of 
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nonidentity matching. Compared to the data base that has been gen

erated from infrahuman laboratories in recent years (see review by 

Carter & Werner, 1978), relatively little is known about the process

es underlying human performance on complex discriminated operants. 

While terminal matching behavior may be topographically similar a

cross species, the results of several studies suggest that humans 

respond according to different sets of 11rules 11 (Dixon, 1977; Dixon, 

1978; Dixon & Dixon, 1978, Note l; Dixon & Spradlin, 1976; Lazar, 

1977; Levin & Maurer, 1969; Saunders, 1973; Scott, 1964; Sherman, 

Saunders, & Brigham, 1970; Sidman, 1971; Sidman & Cresson, 1973; Sid

man, Cresson, & Willson-Merri~, 1974; Spradlin, Cotter, & Baxley, 

1973; Spradlin & Dixon, 1976; Wetherby, Karlan, & Spradlin, Note 2). 

A determination of these rules awaits empirical inquiry and is the 

subject of the present research. 

A-B matching training constitutes the minimal case of noniden

tity matching-to-sample. Given that such a task has been acquired, 

a fundamental question arises: What do humans learn from a condition

ing history of this kind? Are simple stimulus-response chains be

tween samples and comparisons learned, or have invariant equival

ences been acquired? One kind of stimulus equivalence would be evi

denced by the demonstrated 11reversibil ity 11 or "substitutabi 1 ity 11 

(Dixon & Spradlin, 1976; Spradlin & Dixon, 1976) of the trained A-8 

task. Accordingly, a probe involving B-A configurations (i.e., for

mer samples are now comparisons and former comparisons are samples) 

should be matched as accurately as the trained A-8 configurations. 
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The nature of the matching and nonmatching A-B stimuli also re

quires delineation. Do the A samples instruct the subject as to which 

of the B comparisons is the S+ on a given trial, and/or do they occa

sion the B comparison serving as the S-? The former case might be 

considered indicative of the S+ rule, while the latter is an instance 

of the S- rule (Berryman, Currming, Cohen, & Johnson, 1965; Currming & 

Berryman, 1961). Contrary to pigeon matching performance (Carter & 

Werner, 1978), the possibility exists that for humans, both S+ and S

functions are exercised by the sample stimuli in nonidentity matching. 

Researchers interested in complex human behavior have only recently 

begun to address this question (Dixon & Dixon, 1978, Note 2). Fur

thermore, we might ask whether or not the S+ and/or S- rules operate 

in the equivalent B-A association. If A-Band B-A relations are in 

fact equivalent, when B is used as a sample, it should exert the same 

degree and kind of control as sample A. 

To extend the stimulus equivalence analysis further, we might 

attempt to enlarge the A-B stimulus classes to include a third stimu

lus, C. The construct of stimulus equivalence implies that this 

third stimulus might gain entry into the class via an association 

with either A or B. Subsequently, an assessment of equivalence with

in the class would involve a test for an association between C and 

the stimulus not directly encountered in the presence of C. For 

example, following A-B training, a subject might also be taught that 

when C is the sample, select the B comparison. Without further train

ing, would sample A control comparison C responses? Would Casa 
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sample also control choice of A comparisons? Demonstrated control by 

stimulus class members not directly trained (e.g., A-C and C-A match

ing) has been referred to as 11mediated 11 transfer (Goldiamond, 1962; 

Hull, 1939; Keller & Schoenfeld, 1950; Schoenfeld & Cumning, 1963; 

Sidman et al., 1974) and may be considered instances of 11concept 

learning 11 (Dixon & Spradlin, 1976; Keller & Schoenfeld, 1950; Sprad

lin & Dixon, 1976). 

If mediated transfer is eminent, the questions of control by S+ 

and/or S- rules are also relevant. That humans evince stimulus equiv

alences under nonidentity matching conditions has been amply demon

strated (Dixon, 1978; Dixon & Spradlin, 1976; Lazar, 1977; Sidman, 

1971; Sidman & Cresson, 1973; Sidman et al., 1974; Spradlin & Dixon, 

1976; Wetherby et al., Note 2), however, a qualitative analysis of 

t he mediated associations in terms of S+ and S- rules has yet to be 

performed. Moreover, the basic paradigms used to establish mediated 

associations (J enkins & Palermo, 1964) have not been compared within 

a matching context. As in the previous example, the third stimulus 

term C might be used as a sample for the comparison responses (stim

ulus equivalence paradigm). Or instead, C might serve as another 

comparison for the A sample (response equivalence paradigm). Finally, 

C might function as a comparison, but with Bused as the sample 

(chaining paradigm). Will comparable mediated associations evolve 

fro m these training sequences? Additionally, are the prevailing sam

ple-compariso n rules congruent with those that may exist in the train

ed A-Band the equivalent B-A relations? 
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The questions posed above have not been previously addressed. 

An analysis of them would contribute considerably to our knowledge 

of the stimulus equivalence phenomenon demonstrated by humans perform

ing nonidentity matching-to-sample. Consequently, the overall objec

tive of this research is to delineate the types of rules or response 

strategies that characterize human discriminative behavior evidenced 

by nonidentity matching. Arbitrary relations explicitly trained and 

those that emerge via indirect association are subjected to analysis. 

Retarded humans have been the most frequent participants in re

search on mediated transfer of matching-to-sample (Dixon, 1978; Dixon 

& Spradlin, 1976; Sidman, 1971; Sidman & Cresson, 1973; Sidman et al., 

1974; Spradlin et al., 1973; Spradlin & Dixon, 1976). The use of 

intellectually delayed humans in the present study represents an at

t empt to further our understanding of the complex discriminative be

havior exemplary of this population. 
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CHAPTER II 

REVIEW OF THE LITERATURE 

This review commences with an overview of current conceptual

izations of conditional discrimination learning. These theoretical 

postulates are an outgrowth of research with nonhuman laboratory ani

mals, namely, pigeons. This framework will provide an appropriate 

referent for subsequent discussions of related research conducted 

with humans. The research relevant to this investigation is classi

fied in two major categories: that pertaining to the development of 

stimulus equivalences, and that concerned with the degree of stimulus 

control exerted by matching and nonmatching samples and comparisons 

(i.e., S+ and S- rules ) . 

An Overview of the Learning Models 

Inspired by Lashley 1 s (1938) early research with rats, Carter 

and Werner (1978) recently outlined three models that pertain to the 

issue of what an organism learns as a result of conditional discrim

ination training. Farthing and Opuda (1974) and Zentall and Hogan 

(1974) have advanced similar propositions. As stated, the three mod

els appear well suited to account for identity matching and oddity 

behavior. Nonidentity matching may be discussed with respect to the 

first two considerations, and, with some additional elaboration, the 

third model seems appropriate as well. Each model lends itself to 

empirical verification. 
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The configuration model considers the possibility that an orga

nism simply acquires a set of discriminations based on all possible 

stimulus arrangements which constitute the matching task. For exam

ple, in a two-choice nonidentity problem there are four possible tri

al configurations: Bl (left key) - Al (center key) - B2 (right key), 

B2-Al-Bl, B2-A2-Bl, and B1-A2-B2. Thus, a subject lnight learn to re

spond to the left key when faced with Bl-Al-B2 and B2-A2-Bl; whereas, 

given B2-Al-Bl and Bl-A2-B2, will learn to select the right key. 

The multiple-rule model suggests that each sample functions as 

an "instructional" stimulus (Goldiamond & Dyrud, 1968) that desig

nates which discrimination between comparisons is in effect on a 

given trial. Stated differently, the subject behaves according to 

"if ... , then ... 11 rules (Carter, 1971; Carter & Eckerman, 1975). Such 

"rules" may be conceptualized as S+ rules or S- rules (Berryman et 

al., 1965; Currming & Berryman, 1961). Under the S+ rule, for example, 

a subject might learn that if Al is the sample, then respond to Bl; 

but if A2, then select B2. Responding according to the S- rule, a 

subject might learn that if Al, do not choose B2; and given A2, do 

not select Bl. 

As an adjunct to the multiple-rule model, the coding hypothesis 

(Lawrence, 1963; Schoenfeld & Cumming, 1963) has also appeared in 

discussions of pigeon 1 s matching and oddity behavior under transfer 

conditions (Berryman et al., 1965; Carter & Werner, 1978; Cumming & 

Berryman, 1961; Cumming et al., 1965). The basic tenet underlying 

the coding hypothesis is that the acquisition of a particular sample-
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comparison relation depends upon the establishment of an intervening 

coding response (Lawrence, 1963; Schoenfeld & Currnning, 1963). To 

illustrate, reconsider the A-B matching procedure with accompanying 

coding responses (CRs): In the presence of sample Al, CRl occurs, 

which in turn regulates the selection of Bl; sample A2, however, is 

followed by CR2, which governs selection of B2. Consequently, the 

presentation of each sample activates a specific coding response, 

which ultimately manifests itself in the emission of an appropriate 

comparison response. The mediational function of coding responses is 

considered unique to the explicitly trained sample-comparison rela

tions. Transfer to novel matching or oddity problems would not be 

expected since coding responses have not been acquired for these stim

ulus arrangements. 

The single-rule model, or what might be considered "concept" 

learning (Carter & Werner, 1978), holds that a subject responds ac

cording to the overall relational property that distinguishes a given 

conditional discrimination problem. Lashley's version of the single

rule model might be stated as follows: Any stimulus designated cor

rect in context A is incorrect in the presence of context B. Empiri

cal evidence is derived from the subject's successful transfer to 

novel stimulus configurations that adhere to the singular rule. For 

example, in identity matching, the subject learns to respond to the 

comparisons that are the "same as" the samples; while during oddity, 

responses are guided by the "different from" principle. Thus, the 

reinforced stimulus classes are dictated by the similarities or 
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differences between samples and comparisons. In the case of noniden

tity matching, however, where there are no physical similarities be

tween stimuli, the single-rule model is evidenced by the demonstrated 

functional equivalence among stimuli (Dixon, 1978; Dixon & Spradlin, 

1976; Spradlin et al., 1973; Spradlin & Dixon, 1976). The notion of 

stimulus equivalences has long been recognized as a useful explana

tory device for the fact that physically disparate stimuli can come 

to control the same response through indirect association (Goldiamond, 

1962; Hull, 1939; Keller & Schoenfeld, 1950). Extended to nonidenti

ty matching, the stimulus equivalence or single-rule model might be 

stated as follows: Any instance of a given stimulus class used as a 

sample will control responses to any other instance of that class 

used as a comparison. This interpretation appears consistent with 

the idea that evidence for conceptual behavior exists when transfer 

of responding occurs within and between discriminated classes of stim

uli (Keller & Schoenfeld, 1950). 

The succeeding section provides a thorough examination of the 

research conducted with humans under nonidentity matching. Critical 

exemplars from pigeon research are also included. As alluded to 

earlier, pigeons and people differ markedly in their transfer per

formance under such conditions; on the surface, this appears to be a 

minimally significant observation. The observation becomes important, 

however, when one considers how present and future research with 

humans might be encompassed within the preceding theoretical frame

work or contribute to a recasting of it. 
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Stimulus Equivalences 

The reversibility test of stimulus equivalences. Statements a

bout the formation of stimulus equivalences must be based on patterns 

of comparison responding observed in the presence of novel arrays of 

a particular stimulus class (Farthing & Opuda, 1974). A rudimentary 

manipulation that meets this requirement is the test of stimulus 

equivalence within the context of reversibility or interchangeability 

of the trained samples and comparisons. To exemplify, reconsider the 

baseline nonidentity matching task: Given sample Al, responses to 

comparison Bl are reinforced; and in the presence of A2, B2 is the 

reinforced comparison. In shorthand notation (Berryman et al., 1965; 

Cumming & Berryman, 1961; Cumming, Berryman, & Cohen, 1965), the A-B 

task is depicted as: Al (B2, Bl*) A2(Bl, B2*), where the samples are 

denoted outside the parentheses and the comparisons within. The as

terisk identifies the reinforced comparison, and the left-right 

positioning of comparisons is disregarded. While such reinforcement 

contingencies operationally define the boundaries of the two stimulus 

classes, independent tests for functional class membership or stimu

lus equivalence must be conducted. Therefore, following a high level 

of correct matching on this problem, a transfer test is administered 

in which the B stimuli become samples for the first time, and the A 

stimuli are presented as comparisons. The B-A matching test may be 

denoted as follows: Bl(A2, Al) B2(Al, A2) . If the respective A and 

B stimuli are indeed equivalent, then the B-A trials should be match-
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ed as accurately as the ongoing A-B trials. 

Pigeons respond near chance level when confronted with reversi

bility tests, demonstrat ing the nonequivalence of samples and compar

isons (Gray, 1966; Hogan & Zentall, 1977; Rodewald, 1974). For in

stance Rodewald (1974) first taught pigeons a nonidentity matching 

task involving hues as samples and lines as comparisons. Specific

ally, when the sample was illuminated with red, responses to the com

parison key displaying three vertical lines were reinforced; but when 

the sample was green, responses to the three horizontal lines were 

reinforced. Following a high level of correct matching on this prob

lem, the birds were given a transfer test in which the lines became 

samples and the hues became comparisons. This test resulted in a de

terioration of matching accuracy to preacquisition levels. Although 

sufficient test evidence is presently lacking, it might be concluded 

that the pigeons acquired sets of S+ rules such that their perform

ance was under the control of specific stimulus-response chains: e.g., 

if red, choose vertical; if green, select horizontal. Such a conclu

sion is consistent with the majority of the simultaneous identity 

matching and oddity literature using the present procedures (Berry-

man et al., 1965; Cumming & Berryman, 1961, 1965; Farthing & Opuda, 

1974; Holmes, 1979) . Yet, a direct test of this supposition is need

ed to rule out the alternative configuration model. 

To date, an analysis of sample-comparison reversibility has not 

been performed with retarded subjects. However, the unpublished 

fi ndings of Wetherby et al. (N0te 2) suggest that young normal child-
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ren exhibit this kind of equivalence. Reversibility probes were con

ducted as part of a more comprehensive assessment of stimulus equiv

alences following multi-stage nonidentity matching training. For ex

ample, children were trained on A-8, C-8, and A-D tasks; all associa

tions involved arbitrary geometric forms. The matching accuracy of 

the children was unaltered during a subsequent test for reversibility 

which consisted of B-A, B-C, and D-A trials. As one might surmise 

from this example, additional tests for equivalence could be conduct

ed. Indeed, the authors found evidence for the fol l owing equivalen

ces: A-C, B-D, and C-D. These latter demonstrations of transfer are 

considered mediated equivalences, that is, those that arise via in

direct association with members of a given stimulus class. 

Mediation tests of stimulus equivalences. Addit ional, perhaps 

more conclusive evidence for stimulus equivalences can be derived 

through the use of mediated transfer paradigms. Jenkins and Palermo 

(1964) outlined three basic paradigms of this sort: stimulus equiv

alence, response equivalence, and chaining procedures. The nomen

clature connotes the inferred associative process involved in each. 

The logic of the stimulus equivalence paradigm specifies that: If 

sample A controls comparison B, and sample C also controls B; then -

with A as the sample, C should be selected. It might also be expect

ed that sample C will control appropriate A responding. Thus, sam

ples A and C become equivalent via their association with a common 

comparison, B. A three-member stimulus class is the result. Under 

the response equivalence paradigm, however, the associative element 
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is at the sample level: If sample A controls B, and A also controls 

C; then B will control C, and C will control B. The chaining para

digm also involves three stimuli, but the associative term is used 

first as a comparison, then as a sample: If sample A controls B, and 

B controls C; then A will control C, and vice versa. 

A logical analysis suggests that transfer in each mediation para

digm might depend upon the fundamental process of sample-comparison 

reversibility (Jenkins, 1963). That is, before the third term C can 

become an equivalent member of the class, the A and B stimuli must be 

equivalent: If A controls B; then B must control A. Only then might 

one expect the indirect equivalence of Casa result of direct train

ing with either A or B (e.g., train A-8 and C-8; then test for A-C 

and C-A). As previously mentioned, Wetherby et al. (Note 2) found 

that young children readily exhibit both kinds of equivalence -- an 

outcome consistent with this analysis. The tactic of including tests 

for both reversibility and mediation might disclose data relevant to 

this issue. 

The three mediated transfer paradigms may be summarized as fol

lows: l) stimulus equivalence: Train A-8 and C-8, then test for A-C 

and C-A; 2) response equivalence: Train A-8 and A-C, then test for 

8-C and C-8; and 3) chaining: Train A-8 and 8-C, then test for A-C 

and C-A. In addition, tests for reversibility might be administered. 

For example, following training under the stimulus equivalence para

digm, a probe for sample-comparison reversibility would consist of 

8-A and 8-C trials. In each instance, stimulus equivalence would be 
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evidenced by demonstrated matching accuracy comparable to that ex

hibited during the trained sample-comparison relations. Research 

conducted with humans has concentrated on the est ablishment of medi

ated equivalences using the previously outlined paradigms and permu

tations thereof. Similar research involving nonhuman species is non

existent. 

Sidman (1971) investigated the formation of stimulus equival

ences within the conte xt of the response equivalence paradigm. The 

subject was a severely retarded adolescent. The sample and compar i

son stimuli were comprised of pictures, printed words, or spoken 

words of 20 referents (e.g., axe, bed, bee, and box). The subject 

entered the experiment able to match spoken words and pictures (A-B) 

and could name the pictures (B-A) ; but was unable to match spoken 

words to printed words (A-C), pictures to printed words (B-C and C-B), 

or name the printed words (C-A). The critical manipulat i on involved 

teaching A-C matching: with spoken words as t he samples, responses 

to their printed word comparisons were reinforced. Subsequent trans

fer tests revealed that the subject would match pictures and printed 

words (B-C and C-B) , and could name the printed words as well (C-A). 

In essence, the pictures and printed words became equivalent, or mem

bers of the same stimulus class, t hereby establishing a rudimentary 

form of reading comprehension. Sidman and Cresson (1973) replicated 

these results with two Down's syndrome adolescents who also required 

training on the A-B matching relation (spoken word-picture matching ) . 

In a discussion of these fi ndings, Si dman acknowledged that 



17 

further research would be necessary to evaluate the nature of the 

transfer. One question concerns the general~ty of the transfer phe

nomenon. Are such equivalences restricted to cross-modal tasks (e.g., 

auditory-visual tasks)? Would B-C and C-B matchi ng emerge after a 

history of association with another visual symbol during the A-B, A-

C training? Another question has to do with a determination of the 

"mediator" in these experiments. The emergent picture-word and word

picture matching could have been mediated by their common stimulus 

associate (dictated words), or their common response (words spoken by 

the subject). A subsequent study addressed this latter issue. 

Sidman et al. (1974) re-examined the mediated transfer of match

ing with a chaining paradigm. Two Down's syndrome males served as 

subjects. The stimuli for one subject were the same as those used in 

earlier studies (Sidman, 1971; Sidman & Cresson, 1973). For the 

other subject the stimuli were upper- and lower-case letters and their 

dictated names. Subjects were first taught the A-B (auditory-visual ) 

and the B-C (visu al-visual) matching tasks. They were then tested for 

the emergence of A-C and the two naming tasks: B-A and C-A. Sidman 

et al. reasoned that if A-C emerged, but the subjects were relatively 

inaccurate in naming the visual stimuli, mediation would have occurred 

via stimulus associations. The results of this study generally con

curred with this logic: A-C transfer did occur without a concomitant 

increase in naming performance. These results may appear at odds with 

Jenkin's (1963) suggestion that reversibility and mediated transfer 

necessaril y coexist. It should be noted, however, that Sidman's sub-
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jects did achieve considerable skill in naming when compared to their 

entry performance. They were also proficient in C-B matching, the 

reversible counterpart to the second stage of training (B-C). C-B 

matching occurred spontaneously with one subject and was trained with 

the other. Considering the relative lack of B-A responding, it may 

be that certain task variables hindered transfer across receptive and 

expressive modalities. Other research has demonstrated that behav

iors trained at either the receptive or expressive level do not auto

matically emerge in the other (e.g., Guess & Baer, 1973; Speidel, 

1978). The mediated transfer evidenced in Sidman's study can be 

attributed to the functional equivalence between Band C. 

Spradlin and his associates (Dixon, 1978; Dixon & Spradlin, 1976; 

Spradlin et al., 1973; Spradlin & Dixon, 1976; Wetherby, Note 2) have 

conducted several analyses of mediated transfer using nonidentity 

matching procedures. In Experiment 2 of Spradlin et al. (1973), 

three moderately retarded adolescents were exposed to a multi-stage 

paradigm that resembled the stimulus equivalence procedure. Geomet

ric forms were used as sample and comparison stimuli. There were 

three training phases: A-B, C-B, and A-D. The critical data were 

gathered from a test session in which C-0 trials were presented. If 

samples A and C functioned as equivalent stimuli, then sample C 

should also control appropriate D responding without direct training. 

In fact , this is exactly what was revealed during the transfer ses 

sion. On the first exposure to the C-D trials, all subjects appro

priately matched with greater than 90% accuracy. Wetherby et al. 
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(Note 2) replicated these results. 

In Experiment 3 of Spradlin et al. (1973), three new moderately 

retarded subjects were exposed to the basic response equivalence para

digm. Accordingly, they were trained on A-Band A-C matching problems, 

then tested for the emergence of B-C. The results were equivocal: 

Only one subject appeared to show transfer during the first test ses

sion. Another subject evidenced transfer during the fifth transfer 

session, while the third subject responded at or near chance level 

throughout the study. Furthermore, a reversal control manipulation 

for the two subjects that showed transfer failed to alter their probe 

performance. As the authors pointed out, the inconclusive transfer 

results may have been attributable to a procedural variable. In con

trast to Experiment 2, there was no attempt to maintain the high 

level of A-B responding evidenced during baseline while the subjects 

were tested on B-C. Only A-C trials were intermixed with the B-C 

trials. It remains to be determined if the response equivalence para

digm is sufficient for the production of mediated transfer within the 

visual modality. Likewise, an anal ysis of the complementary stimulus 

equivalence and chaining paradigms has yet to be performed. 

Spradlin and Dixon (1976) ext ended the foregoing study. Two 

moderately retarded adolescents served. Training first established 

two stimulus classes, each comprised of four visual stimuli. The 

classes were formed by having each member serve as both a sample and 

a comparison for every other member of the class: e.g., A-B, B-A, 

A-C, C-A, A-0, 0-A, B-C, C-B, B-0, 0-B, C-0, and 0-C. This multi-



20 

stage procedure combines the three primary transfer processes over

viewed previously (stimulus and response equivalence, and chaining) 

and reversed relations are explicitly taught. Next, the subjects 

were taught to select one visual class member in response to an audi

tory sample (e.g., "Find voo" versus "Find zi"). Subsequent test 

sessions were conducted to determine if the auditory samples would 

control comparison responses to the remaining class members. If aud

itory-visual st i mulus equivalences had in fact been established, then 

transfer should be observed during the first session. The results 

showed that training one auditory-visual association was insufficient 

t o produce transfer, even after several test sessions . However, af ter 

t raining the subjects to select a second class member in response to 

t he audi tory sample, transfer to the remai ning two clas s members grad

ually occurred by the ninth test session. 

These results suggest that there may be some circumstances where 

the emergence of mediated transfer is not instantaneous. Research may 

determine that the inclusion of cross-modal matching and/ or the size 

of the initially trained stimulus classes may be influential variables. 

Thus, it may be necessary to train more than one stimulus class exem

plar to achieve transfer, or in some cases, mediated equi valences may 

be observed simply after repeated probing (e.g., Spradlin et al., 

1973; Dixon & Spradlin, 1976). 

The Spradlin and Dixon (1976) results were replicated by Dixon 

and Spradl i n ( 1976) in a series of experiments. The results of Exper

iment l showed that three of si x moderately retarded subjects exhi b-
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ited transfer after being taught one exemplar auditory-visual assoc

iaton. In Experiment 2, the authors determined that if subjects were 

taught to select one visual comparison from the class in the presence 

of a new visual sample, transfer occurred to the remaining members of 

the class. Two of the Experiment l subjects who did not show trans

fer participated in Experiment 3. It was found that when additional 

auditory-visual exemplars were trained, transfer to the other class 

members was achieved. One of the Experiment 1 subjects who evidenced 

transfer was used in Experiment 4. This experiment demonstrated that 

the auditory-visual control would transfer to a new visual stimulus 

added to the class as a comparison stimulus. In addition, if a new 

comparison was conditioned to the auditory sample, that visual stim

ulus would control appropriate comparison selections to the remainder 

of the stimulus class. 

Dixon (1978) explored another variation of the response equiva

lence paradigm. Moderately and severely retarded subjects were 

trained to perform a series of auditory-visual matching tasks. Two 

stimulus classes were established such that each of two labels was 

paired with four visual referents: e.g., A ("La" versus "Dee") -8, 

A-C, A-D, and A-E. Once criterion was reached, subjects were tested 

for visual stimulus equivalences (8-C, C-8, etc.). The combined re

sults from two experiments showed that the transfer data for 10 of 12 

subjects were congruent with the predicted stimulus classes. 

Taken together, several summary statements can be made regard

ing Spradlin 1 s work in mediated transfer: First, mediated transfer 
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need not be cross-modal. Spradlin et al. (1973) and Wetherby et al. 

(Note 2) demonstrated that mediated stimulus equivalences could be 

established entirely within the visual modality. Second, the Sprad

lin et al. (1973) findings suggest that the stimulus equivalence 

transfer paradigm may be sufficient for the generation of mediated 

transfer, while the efficacy of the response equivalence procedure 

remains to be explored. Finally , the Dixon (1978), Dixon and Sprad

lin (1976), and Spradlin and Dixon (1976) studies suggest that medi

ated transfer may occur within multi-element stimulus classes. 

A study by Lazar (1977) examined the possibility that matching

to-sample might be used to generate mediated stimulus equivalences 

to classes of stimuli established outside the matching paradigm. 

Three normal adults participated. Subjects were initially trained to 

perform four sequence tasks involving pairs of visual stimuli. They 

were required to point to Al then A2, Bl then B2, Cl then C2, and 01 

then 02. The establishment of sequence classes was then confirmed 

during a test in which all combinations of the "first" and "second" 

stimuli were presented (e.g., Al then B2, Bl then A2, etc.). Next, a 

pretest was conducted to establish a base line of sequence performance 

with new stimuli: El then E2, and Fl then F2. The subjects failed 

to consistently sequence these stimuli in accordance with the experi

mental designations. A series of matching-to-sample training and 

testing sessions then ensued. This manipulation involved presenting 

members of the sequence classes as samples and the new stimuli as 

comparisons. For example, with Al as the sample, responses to El 
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were reinforced; and when A2 was the sample, E2 was the reinforced 

comparison. All stimuli were divided into three sets. After Set l 

was trained, transfer to Set 2 was evaluated . If transfer was not ob

served, Set 2 was trained with subsequent transfer testing with Set 

3. If necessary Set 3 was also trained. The logic was that during 

matching training, the samples and comparisons should become equiva

lent. Such equivalence might be observed when the second or third 

set of stimuli were used as probes. For example, after matching 

training on Al then E2, and A2 then E2, would subjects appropr i ately 

match Bl and El, and B2 and E2? If Al and Bl were equivalent "f irst" 

members of the sequence class, and Al and El were equivalent; then El 

should be selected when Bl was the sample. Likewise, B2-E2 matching 

should emerge if A2 and E2 were equivalent . The results showed that 

none of the subjects transferred within the sets of matching problems 

after training on t he first set. After train i ng on the second set, 

however, one subject showed transfer to the third. The other two sub

jects were then trained on Set 3. A final test was administered to 

determine if the E and F stimuli would now control sequencing as pre

dicted by the matching training. During this test, two of the three 

subjects showed near perfect sequencing: They pointed to El then E2, 

and Fl then F2. The third subject failed to show transfer even af ter 

repeated testing. Apparently, the matching experience for this sub

ject failed to establish t he predicted stimulus equivalences. To 

t est this assumption further, the third subj ect was probed for the 

r eversibilit y of the trained matching associ ati ons. For example, the 
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subject was originally trained with Al and A2 as samples, and El and 

E2 as comparisons. If samples and comparisons were equivalent, it 

should be possible to substitute one for the other without a delete

rious effect on matching performance. Therefore, the subject was 

given El and E2 as samples, and Al and A2 as comparisons. The sub

ject failed to match appropriately during a series of such reversal 

tests. Even when explicitly taught to perform several reversal prob

lems, this subject's performance to new probe stimuli remained at 

chance level. These results confirmed that stimulus equivalences had 

not been established for this subject. 

Lazar's findings clearly suggest that matching-to-sample may be 

used to enlarge stimulus classes formulated outside the matching con

text, and again, that mediated transfer is not unique to cross-modal 

tasks. Yet, new questions arise when the results of the matching 

phase of this study are scrutinized. It remains to be ascertained 

why transfer failed to occur within the matching context for one sub

ject and why matching training did not produce stimulus equivalences 

for the other participant. The relation between sample-comparison 

reversibility and mediated transfer also remains undetermined. 

Summary. The preceding review suggests that the phenomenon-of 

stimulus equivalence is reliable across a variety of human subjects 

and stimulus dimensions. The configurational and multiple-rule 

models are contraindicated because of the generative nature of human 

transfer in nonidentity matching. Both models predict a deteriora

tion of matching accuracy to chance levels under either the reversi-
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bility or mediated transfer tests. Therefore, demonstrated stimulus 

equivalences conform to the single-rule or concept learning interpre

tation outlined by Carter and Werner (1978) . Yet, if the three models 

are considered hierarchically arranged, the single-rule explanation 

may contain elements of the multiple-rule model. Indeed, Cumming and 

Berryman (1961) suggest that "generalized" matching or single-rule 

responding may be attributed to subjects learning both the S+ and S

rules delineated in the multiple-rule model. An analysis from this 

standpoint would contribute to a more precise elucidation of the 

processes involved in nonidentity matching. The feasibility of such 

an analysis is addressed in the following section. 

Sample-Comparison "Rules" 

The distinction between S+ and S- rules suggests two testable 

hypotheses: A subject behaving in concordance wi th the S+ rule 

would continue to match accurately given novel comparisons (Nl and N2) 

and the trained A-8 "matching" stimuli. This test might consist of 

the following trials: Al(Nl, Bl) A2(N2, 82) . The S- rule assumption 

could also be tested using novel comparisons, but in conjunction with 

"nonmatching" samples and comparisons: e.g., Al(B2, Nl) A2(Bl, N2) . 

Given trials of this sort, the S- rule predicts that the novel stim

uli (Nl and N2) would be selected. This prediction is based on the 

assumption that subjects learn that the Al-82 and A2-Bl configura

tions are incorrect; they will therefore respond away f rom these com

binations. 
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To exemplify, consider the analysis of Berryman et al. (1965) 

who trained pigeons on an oddity task with red, green, and blue stim

uli. Trials involved one of the hues as the sample with the identi

cal hue as one comparison and one of the remaining hues as the other 

comparison. The birds were reinforced for selecting the comparison 

that "mismatched" the sample. For example, with red as the sample, 

and red and green as comparisons, responses to green were reinforced. 

Following acquisition, oddity transfer was evaluated. A yellow hue 

was programmed to illuminate where blue had originally occurred. 

Berryman et al. suggested that the pigeons could have acquired the 

oddity task by learning to approach the correct comparisons, or avoid 

the incorrect comparisons. In other words, the samples may signify 

which of the comparisons is the S+, or the correct stimulus; or the 

sample may function to designate the incorrect comparison, or the S-. 

An estimation of the rule in operation was ascertained by assessing 

performance during two types of trials with the yellow hue: G(G, Y*) 

and R(R, Y*). If the S+ rule was operating, the subjects would per

form at the same level as they initially performed with blue: i.e., 

on G(G, B*) and R(R, B*) trials. This analysis follows since the 

green and red samples functioned as selectors of S+s, and the rein

forced comparisons were not available during the test. The S- rule, 

on the other hand, predicts that there would be no disruption in per

formance and matching accuracy would essentially parallel that 

evidenced during the final day of training with blue. The S- rule 

follows since the subject has learned that the samples designate the 
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comparisons that are incorrect: With red as the sample, avoid the 

red comparison; and with green as the sample, avoid the green compar

ison. The results of this study suggested that the pigeon's perform

ance could best be accounted for in terms of the S+ rule. 

Human subjects, however, appear capable of learning about non

reinforced stimulus combinations and show consistent response pat

terns as a result of such learning. Dixon and Dixon (1978) recently 

demonstrated that after identity matching training, children reliably 

avoided responding to nonmatching samples and comparisons; instead, 

they selected an alternate comparison not related to the ongoing 

training. During the first experiment, preschoolers were exposed to 

a two-choice identity matching problem involving form stimuli. After 

reaching criterion performance, nonreinforced test trials were inter

spersed among the matching trials. The test trials consisted of the 

trained sample stimuli and incorrect comparisons, and novel compari

son stimuli. The results from the test trials evinced that five of 

six children repeatedly selected the novel comparisons, an outcome 

predicted by the S- rule. In a second experiment, measures were 

taken to rule out the likelihood that the subject's selections were 

based on the "novelty" of the unfamiliar comparisons. This was done 

by briefly training the subjects with the stimuli that would eventu

ally comprise the novel comparisons during the probes for S- respond

ing. Stimulus control consistent with the S+ rule was inferred from 

the observation that the subject's matching performance was not dis

rupted by these new stimulus configurations. The original matching 
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problem was then r etrained and the probes for S- control readminis

tered. Once again, the children responded away from the nonmatching 

stimuli and selected the alternate comparisons. In a replication, 

Dixon and Dixon (Note l) demonstrated that retarded subjects also 

evince S- responding following a history of ident ity matching train

ing. Unassessed in either study was whether the S- rule would occur 

in the presence of novel identity matching problems. To evaluate 

this possibility, one could first demonstrate transfer of the iden

tity relation to new matching problems inserted as nonreinforced 

probes. Subsequently, tests for S- control could be conducted using 

the nonmatching stimuli comprising the identity transfer test, plus 

novel incorrect comparisons. It may be possible that S- responding 

would generalize beyond the originally trained problem to the "con

cept" of identity matching. 

The S- responding evidenced in the aforementioned studies might 

be representative of a more general tendency of humans to avoid 

responding to choice stimuli that have a history of association with 

specific instructional stimuli. Dixon (1977) reported a similar 

phenomenon in a study of stimulus control by spoken words over the 

selection of visual stimuli. Dixon first trained retarded subjects 

to select one of three visual stimuli in the pre sence of one spoken 

word. Only two choices were available from trial -to-trial. Under 

test conditions, two untrained words were randomly introduced as 

verbal stimuli and the subjects consistently responded away fro m the 

trained visual choice. Whi le training was not conducted within a 
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a matching-to-sample framework, the subjects apparently learned a con

ditional discrimination: When the trained word is presented, the 

trained choice is correct; but in the presence of untrained words, the 

alternate choices are correct. Dixon went on to show that no associ

ation existed between the untrained words and the unfamiliar choices. 

That is, on certain test trials the untrained words were p\esented 

with the two familiar visual choices. Since stimulus control broke 

down during this condition, the author concluded that the consistent 

pairing of novel stimuli originally displayed depended on the presence 

of the reinforced visual choice. These results are consistent with 

the observation that preschool children acquire new word-object 

associations more rapidly when the alternate choice objects are 

"known,,. as opposed to "unknown" (Vincent-Smith, Bricker, & Bricker, 

1974). While the generality of control by trained comparisons over 

novel samples and comparisons remains unassessed, the foregoing high

lights an interesting direction for future research. 

Summary. Research with pigeons suggests that identity matching 

and oddity are dictated by S+ rule learning. Apparently nothing is 

learned about the nonreinforced sample and comparison stimuli (Berry

man et al., 1965; Cumming & Berryman, 1961, 1965; Farthing & Opuda, 

1974) . Even when pigeons are explicitly trained to withhold responses 

in the presence of nonreinforced configurations, complete transfer 

to unfamiliar incorrect samples and comparisons is not observed 

(Urcuioli & Nevin, 1975; Urcuioli, 1977) . The pigeon's apparent 

failure to acquire the S- rules that define the boundaries of a 



30 

given conditional discrimination may be responsible for its observed 

failure to demonstrate conceptual transfer (Cumming & Berryman, 1961). 

Empirical evidence notwithstanding, Carter and Werner (1978) suggest

ed that a similar account appropriately describes the pigeon's non

identity matching performance. 

Thus far, the S- rule interpretation appears applicable to 

human identity matching behavior (Dixon & Dixon, 1978, Note l ). As 

suggested by Cumming and Berryman (1961), it may be the case that one 

of the factors responsible for the generalized identity matching of 

humans (Levin & Maurer, 1969; Saunders, 1973; Scott, 1964; Sherman et 

al., 1970) is their ability to learn both S+ and S- rules. Are sim

ilar processes involved in human nonidentity matching? The afore

mentioned research strongly favors the stimulus equivalence con

ceptualization of human nonidentity matching. While the generality 

of this supposition remains to be tested, it appears that the stimuli 

comprising a given class will govern appropriate matching behavior 

regardless of their prior histories as samples or comparisons. Once 

a stimulus has been associated with a single member of an establish

ed class, it functions as an equivalent class counterpart. Whether 

or not nonidentity matching and resultant stimulus equivalences are 

characterized by S+ and/or S- rules are open questions. 
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CHAPTER I I I 

STATEMENT OF THE PROBLEM 

A determination of the rules that appear descriptive of human 

matching-to-sample performance has important implications for a theo

retical discussion of conditional discrimination learning. Existing 

pigeon data fit well into the framework of the multiple-rule model 

and coding hypothesis (Carter & Werner, 1978). The discriminative 

behavior of pigeons is radically disrupted when novel stimuli are 

presented according to ongoing identity matching and oddity contin

gencies (Berryman et al., 1965; Cumming & Berryman, 1961, 1965; 

Farthing & Opuda, 1974; Holmes, 1979). In contrast, the extant 

research suggests that a single-rule model, or concept learning (Car

ter & Werner, 1978) interpretation is a more accurate explanation of 

human conditional discrimination performance. Humans appear to ab

stract rules of "sameness" and "different from" and readily transfer 

to new stimulus dimensions (Levin & Maurer, 1969; Saunders, 1973; 

Scott, 1964; Sherman et al., 1970). The nonidentity matching liter

ature also suggests that in contrast to pigeons (Gray, 1966; Hogan & 

Zentall, 1977; Rodewald, 1974), humans tend to learn an equivalency 

among physically dissimilar classes of stimuli (Dixon, 1978; Dixon & 

Spradlin, 1976; Lazar, 1977; Sidman, 1971; Sidman & Cresson, 1973; 

Sidman et al., 1974; Spradlin et al., 1973; Spradlin & Dixon, 1976; 

Wetherby et al., Note 2). 

It has been posited that the apparent species difference may be 
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attributed to the pigeon's failure to learn about "incorrect" sample

comparison associations (Cumming & Berryman, 1961). Whether the 

pigeon's performance can be attributed to a fundamental lack of asso

ciative learning capacity or as yet undetermined procedural variables 

remain unresolved questions (Premack, 1976, 1978). We now have 

evidence that humans, however, do acquire S- rules when exposed to 

identity matching problems (Dixon & Dixon, 1978, Note l). This 

might be the underlying process responsible for their ability to per

form generalized identity matching and oddity. The extent to which 

humans learn both S+ and S- rules in other matching contexts remains 

to be ascertained and is a general objective of the present study. 

The present research attempted to determine if S+ and S- rules char

acterize trained A-Band equivalent B-A matching relations (Experi

ment l ) , and equivalences derived from mediated transfer procedures 

(Experiment 2) . 



CHAPTER IV 

EXPERIMENT 1: CONTROL BY MATCHING AND NONMATCHING STIMULI 

IN TRAINED A-BAND EQUIVALENT B-A ASSOCIATIONS 

Introduction 
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The purpose of this experiment was to assess the extent to which 

matching and nonmatching stimuli controlled conditional responding 

in nonidentity matching-to-sample. The analysis encompassed both the 

trained A-B samples and comparisons, and the equivalent B-A stimuli. 

If the differential stimulus control reported in identity matching 

(Dixon & Dixon, 1978, Note l) is a more general characteristic of 

human matching performance, then clear differentiation of control by 

matching and nonmatching configurations would be expected. Thus, 

consistent with the S+ rule, subjects confronted with novel compari

sons and the matching samples and comparisons should avoid the novel 

stimuli and continue to match appropriately. However, given the 

novel comparisons and the nonmatching stimuli, subjects should 

respond exclusively to the novel stimuli, an outcome predicted by the 

S- rule. 

Method 

Subjects 

The subjects were four male residents (ED, OW, JT, and JL) of 

Parsons State Hospital and Training Center. According to available 
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records, all subjects were experimentally naive. They were chosen on 

the basis of their availability, willingness to participate, and abil

ity to acquire a preliminary A-B matching problem. The apparatus and 

training procedures described later were utilized during this screen

ing session; the stimuli (Dixon & Dixon, 1978), however, were not used 

in subsequent experimentation. To be included in this investigation, 

candidates were required to respond with 90-100% accuracy during the 

third block of 50 nonidentity trials. A total of 22 male residents 

were screened to find the 13 used in the two experiments. Table l 

describes the pertinent characteristics of all participants. 

Ethical considerations. Throughout the conduct of this research, 

all necessary precaution s were taken to safeguard the rights and wel

far e of the persons involved. Partic i pants were not subjected to any 

physical or psychological risks or discomf orts. This stud y was con

ducted at the Parsons Research Center on the grounds of Parsons State 

Hospital and Training Center. The Research Center is a branch of the 

Bureau of Child Research, an affiliate of the University of Kansas. 

Immediate supervision of this project was the responsibility of Dr. 

Joseph Spradlin, Professor of Human Development, University of Kansas. 

This line of investigation was approved by the University of Kansas 

ethics committee governing research with humans. Consent agreements 

were obtained from parents or guardians of all subjects. (See Appen

di x A. ) 

Apparatus 

One wall of t he experimenta l space containe d t he fol l owing: a 
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Table 1 

Subject characteristics: Chronological ages and durations of residency 
are expressed in years-months. Intelligence quotients were determined 
by either the Wechsler Intelligence Scale for Children (WISC) or the 
Wechsler Adult Intelligence Scale (WAIS). 

Subject 

ED 

OW 

JT 

JL 

MP 

JK 

LE 

JC 

LM 

NO 

LH 

AP 

GC 

CA 

13-() 

16-5 

15-5 

15-6 

18-0 

15-3 

18-11 

15-5 

15-3 

15-7 

15-7 

16-5 

15-9 

IQ 

67 WISC 

78 vJAIS 

58 WISC 

65 WISC 

52 WAISa 

85 WISC 

80 \~A IS 

70 WISC 

50 WISC 

71 WISC 

64 ~IISC 

72 WAIS 

61 WAIS 

Length of 
Residency 

1-4 

0-10 

7-4 

6-0 

9-1 

1-0 

2-0 

0-11 

1-7 

0-9 

6-5 

7-5 

1-9 

Etiology 

Postnatal Injury 

Unknown 

Psycho-Social Disadvantage 

Psycho-Social Disadvantage 

Unknown 

Unknown 

Unknown 

Psycho-Social Disadvantage 

Unknown 

Unknown 

Unknown 

Unknown 

Unknown 

aI Q determination based on Nonverbal Scale only. 
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stimulus display/response panel, a token receptacle, door chimes, and 

a buzzer. The display panel was mounted 1 m from the floor and con

tained three circular keys (32 mm dia) that formed a triangle with a 

base of 50 mm and sides of 83mm each. The token tray was mounted 12 

cm directly above the panel. The door chimes and buzzer were attach

ed near the ceiling. Each of the three keys was equipped with a le

stimulus rear projector (Industrial Electronics Engineers, Inc., one

plane readouts, Model 2000). White figures (approximately 16 mm char

acter size) on dark backgrounds served as stimuli. Figures 1-4 illus

trate the stimuli which were reproductions of select Greek letters, 

astrological symbols, and forms adapted from previous research 

(Caron, 1968; Gibson, Gibson, Pick, & 0sser, 1962; Vellutino, Harding, 

Phillips, & Steger, 1975). The utilization of the various stimuli 

was accomplished by interchanging the stimulus negatives housed with

in four panels of projectors. Capacitance sensing switches detected 

touch responses to the display windows. Tokens (metal washers) were 

dis~ensed via a Davis Universal feeder (Model 310). BRS solid state 

circuitry and a Narcor tape reader (Model 12808) programmed stimulus 

events from an adjacent room. Responses were recorded on digital 

counters and a Practical Automation, Inc., printout counter (Model 

MMP-6 Moduprint). 

Design 

Within - and between-subject analyses were used to evaluate the 

various test conditions against a baseline of cr it er ion level match

ing performance. Figures 1 and 2 depict exemplar training and test-





Figure 1. Representative sample (top-center figure of each triad) and 
comparison (side figures) stimuli used during Experiment 1. 
Stimulus Sets Ia and Ib were used during the initial sequence 
of training and testing conditions. The "+" denotes the re
inf arced comparison during training, the "-" i den ti fies the 
nonreinforced comparison. All test trials were presented as 
nonreinforced probes. The letter/number designations (Al, 
B2, etc.) correspond to the trial notation used in Tables 
3 and 4. 



Set la Stimuli Set lb Stimuli 

A l A2 Al A2 

Trai n A-8 Matchi ng D C) M 8 
81 + 82 - 81 - 82+ 8 1 + 8 2- 8 1- 8 2+ 

tr ~ tr ~ <¢> ell <¢> ell 
8 1 82 81 82 

TEST FOR EQUIVA LENCE tr ~ <> cfl 
Test 1: 8 -A Match in g A1 A2 A l A2 Al A2 Al A2 

D C) D C) M 8 y 8 

SERIES I Al A2 Al A2 

Test 2: Co ntro l by D C) M 8 
Matchi ng A-8 Stimuli 81 N1 N2 82 81 N1 N2 82 

with No\lel Comparisons tr D cfl ~ <¢> tr R ell 
Al A2 Al A2 

Test 3: Control by D C) M 8 A Samples over Novel 
Compari sons N1 N2 N1 N2 N1 N2 N 1 N2 

D ell D ell tr R tr R 
SERIES 11 A1 A2 At A2 

Test 4: Control by D C) M 8 
N3 82 81 N4 N3 82 81 N4 

Nonma tching A-8 Stimuli 
8 ~ ~ 0. ~ ell <> C) with Nove l Comparisons 

Al A2 Al A2 

Test 5: Co ntrol by a C) M 8 
A Samples over Novel N3 N4 N3 N4 N3 N4 N3 N4 

Comparisons 8 0. 8 0. ~ C) ~ C) 

SERIES Ill 81 82 81 82 

Test 6: Control by ~ 
N6 

~ 
A2 A1 <> NS N6 ell A2 Al NS 

Matching 8 -A Stimuli a <> M C) ~ 0. 8 with Novel Comp arisons ¢00 

81 82 81 82 

Test 7: Control by ~ ~ <> ell 
8 Samples ove r Novel NS N6 NS N6 NS N6 NS N6 
Comparisons 

<¢> <> ~ ~ 0. ¢00 0. ¢00 

SERIES IV 81 82 81 82 

Test 8: Control by N7 ~ A2 
~ 

A1 NS N7 <> A2 Al 
ell 

NS 
Nonmaiching 8-A Stimuli 
wit h Novel Compa riso ns ¢00 C) ll R D 8 ~ D 

81 82 81 82 

Test 9: Co n trol by tr ~ <> ell 8 Samples ove r Nov el 
Com pan sons 

N7 NS N7 NS N7 NS N7 NS 

¢00 R ¢00 R D D D 0 





Figure 2. Representative stimuli (Sets Ila and IIb) used during the 
replication sequence of training and testing conditions in 
Exoeriment 1. See Fi~ure 1 for details. 
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Set Ila Stimuli Set fib Stimuli 

A1 A2 A1 A2 ,__. 
tJ < 7T ...... 

Tra , A-8 Matching 
,__. 

81+ 82- 81- 82 + 81 + 82- 81- 82 + 

) <P ) c:p I ~ I ~ 
81 82 81 82 

TES-FOR EQUIVALENCE ) c:p I ~ 
Tes 1: 8-A Matching A1 A2 Al A2 A1 A2 A1 A2 - tJ - tJ < 7T < 7T - -- -

A1 A2 A1 A2 
, ERIES I - tJ < Tes 2: Control by 

...... 7T -Mat hing A-8 Stimuli 81 N1 N2 82 81 N1 N2 82 

witl Novel Comparisons ) ([ 6 <P I ~ X ~ 

A1 A2 A1 A2 
Tes 3: Control by - tJ < 7T -A Smples over Novel -Ca r parisons N1 N2 N1 N2 N1 N2 N1 N2 

[1' 6 ([ 6 ~ X ~ X 
A1 A2 A1 A2 

, ERIES II - t:J < ...... 7T -Tes 4: Control by N3 82 81 N4 N3 82 81 N4 
NorTiatching A-8 St imuli 

~ <P ) I tJ ~ I <P wi ttNovel Comparisons 

A1 A2 A1 A2 - tJ < 7T Tes 5: Control by ...... -A Sm ples over Novel N3 N4 N3 N4 N3 N4 N3 N4 

Corparisons ~ I ~ I t:J c:p tJ <P 

,ERIES 111 81 82 81 82 

) c:p I ~ Tess: Control by A1 N5 NS A2 A1 N5 NS A2 
Mat hing 8-A Stimuli - ~ X tJ < cf 6 7T wit tNovel Comparisons --

81 82 81 82 

Tes 7: Conlrol by ) <P I ~ 8 Smples over Novel NS N6 NS N6 NS NS NS N6 
Corparisons 

~ ~ ~ X ([ 6 [1' 6 

,ERIES IV 81 82 81 82 

) c:p I ~ 
Tes8: Co ntrol by N7 A2 A1 NB N7 A2 Al NB 
Nomatching 8-A Stimuli 

7T ~ - < ) 7T < -wittNovel Comparisons - -- ....... 
81 82 81 82 

Tese: Control by ) c:p I ~ B Sm pies over Novel N7 NB N7 NB N7 NB N7 NB 
Corroariso ns 

< < ) - ) -7T 7T - -- ,__. 
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ing stimulus configurations. After acquiring the initial A-8 match

ing problem with Set I stimuli, subjects proceeded through 18 test 

:onditions. In a subsequent replication, another A-B task was train

~d with Set II stimuli and the tests were readministered. ED and JT 

~ere assigned to Sets Ia and IIa as illustrated in the figures; OW 

ind JL were exposed to Sets Ib and IIb. As an additional control, JT 

ind Jl. were assigned to reversed sample-comparison arrangements during 

:raining and testing: e.g., the illustrated 82 was used as the Bl 

,timulus, Bl was used as 82, N2 as Nl, etc. Table 2 describes the 

equence of events experienced by each subject. Additional design 

onsiderations are discussed later with respect to the repeated test

ng strategy. 

raining Procedures 

Sessions were conducted at the same time each day, Sunday 

tirough Friday. Sessions terminated after the completion of 84 

r ials. At the end of each session, tokens were exchanged for curren

~ at the rate of three tokens to one cent under the 100% feedback 

ontingencies. The token-currency exchange ratio was shifted to 1 :1 

~en the intermittent schedule of feedback was in effect. 

Trials and consequences. Trials commenced with a sample display

d on the center key. The specific sample varied across trials and 

ne same sample occurred no more than two consecutive times. A sin

ge sample response illuminated the comparison keys with the matching 

qd nonmatching stimuli. The sample remained ill uminated until a 
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Table 2 

Sequence of conditions for subjects of Experiment 1. Tests 1-9 are 
listed in their order of occurrence for each subject. Figures 1 and 
2 illustrate stimulus configurations corresponding to the training 
and testing conditions for each subject. 

ED ow JT JL ED ow JT J L 

1. Train A-B Matching a 
3. Train A-B Matching b 

2. Administer Testsa 4. Administer Testsb 

1 1 1 1 1 1 1 1 

2 5 7 8 8 7 5 2 
3 4 6 9 9 6 4 3 
2 5 7 8 8 7 5 2 
3 4 6 9 9 6 4 3 

4 6 9 3 3 9 6 4 
5 7 8 2 2 8 7 5 
4 6 9 3 3 9 6 4 
5 7 8 2 2 8 7 5 

1 1 1 1 1 1 J. J. 

7 8 2 5 5 2 8 7 
6 9 3 4 4 3 9 6 
7 8 2 5 5 2 8 7 
6 g 3 4 4 3 9 6 

9 3 4 6 6 4 3 9 
8 2 5 7 7 5 2 8 
9 3 4 6 6 4 3 9 
8 2 5 7 7 5 2 8 

aStimulus Sets Ia and Ib were used for the initial conditions. 

bStimulus Sets IIa and IIb were used for the replication conditions. 
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comparison response was emitted. The left-right position of the com

parisons alternated systematically with a maximum of three successive 

trials programmed on the same side. Each comparison appeared equally 

often in the left and right positions, and each sample occurred an 

equal number of times. When the feedback contingencies were in 

effect, responding to the matching comparison resulted in the sound 

of chimes, delivery of a token, a 3-sec intertrial interval with all 

keys dark, and the next trial. Nonmatching selections produced a 

0.5 sec buzzer, the intertrial interval, and the next trial. 

Instructions. During the initial session, subjects were seated 

before the display panel with all keys dark. The experimenter then 

advanced the programming tape to the f irst t r ial and provided the 

following instructions while physically guiding the subject's sample 

and comparison responses: "When you see this thing come on (the 

sample key), touch it with your finger, then touch this thing (the 

correct comparison key) . Good, you made the bell go on and you got a 

t oken. You can trade the tokens for money when we're done. To help 

you earn tokens, a buzzer will go on when you choose the wrong thing. 

Let me show you. When this thing comes on (the sample), don't touch 

t his thing (the incorrect comparison ) . See, you made the buzzer go 

on. You don't get a token when the buzzer goes on." After eight 

additional demonstrations of correct trial sequences, the experi

menter said, "OK, see how many you can get right on your own. I' ll 

wait outside for you. Work until I tell you to stop." The experi

menter then began the programming tape again and the recorded 
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session corrmenced. 

Train A-B matching. The procedures described here were used to 

train both the initial A-B matching task with Set I stimuli, and the 

replication problem with Set II. Training consisted of 84 trials: 

In the presence of sample Al, a response to comparison Bl produced a 

token; and when sample A2 was displayed, B2 was the comparison that 

produced a token. Using the previously described notation system, 

the A-B training may be denoted: Al(B2, Bl*) A2(Bl, B2*). Training 

continued until a subject met a criterion of one session of 95-100% 

correct responding. At this point, the above mentioned contingencies 

for correct and incorrect responses were in effect for all trials. 

Next, intermittent consequences were programmed, such that 33% of the 

trials resulted in either the chimes and token , or buzzer (i.e., 28 

feedback trials ) . Feedback occurred on a maximum of two consecutive 

trials, while no more than six successive no- feedback trials 

occurred. An equal number of feedback trials were prograrruned on the 

left and right keys. These contingencies were instated in order to 

accommodate the eventual nonreinforced probe trials during the test 

sessions. To facilitate the transition from continuous to inter

mittent feedback, the experimenter informed the subject: "For the 

next few days you won1 t get tokens every time you choose the right 

thing, only some of the time. The bell and buzzer won1 t come on 

every time either. But now, the tokens you get will be worth one 

penny each, so you can still earn the same amount of money. Work 

hard and see i f you can get all the tokens. " Training under the 
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intermittent schedule of consequences continued until a subject 

responded correctly on 95-100% of the 84 trials for three consecutive 

sessions. 

Testing Procedures 

The intermittent schedule remained in effect throughout subse

quent test sessions. Each of the test sessions involved 72 A-B match

ing trials plus 12 randomly interspersed no-feedback probe trials. 

Test sessions were introduced without explanation. Inquiries regard

ing the new stimulus configurations resulted in the experimenter say

ing, "I'm sorry, we can't talk about it now." A single test session 

was conducted each day. Although unnecessary in this study, provis

ions were made for additional training had A-B matching accuracy 

fallen below 95% correctness during test sessions. 

Rationale. The overall objective of the test sessions was to 

evaluate the possible emergence of stimulus equivalence and to assess 

the nature of the "rules" governing the trained and equivalent match

ing behavior. Conceptually, the assessment of stimulus equivalence 

is relatively straightforward and will be considered later (Test 1). 

However, before detailing Tests 2-9, an overview of the repeated 

testing strategy is warranted. 

The tests organized under Series I and II evaluated the notion 

that nonidentity matching may be characterized by sets of S+ and S

rules, respectively. Series III and IV asked whether similar rules 

were evidenced in the equivalent B-A relations. As shown in Figures 
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1 anl 2, each series was comprised of a test for control by matching 

or n,nmatching stimuli over novel comparisons (Tests 2, 4, 6, and 8), 

and t test designed to evaluate any preferential responding when the 

nave comparisons were pitted against each other in the presence of 

fami iar samples (Tests 3, 5, 7, and 9). Table 2 shows that these 

pref irence tests were administered before and after the tests for 

stim1lus control. This design feature was incorporated in light of 

some preliminary findings which suggested that subjects may demon

stra :e conditional discriminative responding during nonreinforced 

pref trence tests. For example, a subject might consistently select 

Nl wlen exposed to the novel comparisons Nl and N2 in the presence of 

Al; vhile in the presence of A2, always choose N2 (Test 3). The emer

genc1 of nonreinforced categorization was used to further demonstrate 

stim1lus control. For instance, if the above preferences were evident, 

the '.Ubsequent test for control by matching stimu l i (Test 2) attempted 

to slift control away from the preferred novel comparisons. Thus, in 

the 1resence of Al and the preferred Nl, would responses occur to the 

matc!ing comparison Bl? Similarly, would B2 be consistently selected 

give1 A2 and N2? Such an outcome was expected if a subject had indeed 

acqu·red a set of S+ rules during the A-B training. 

To carry the example further, suppose a test for control by non

matcling stimuli (Test 4) was conducted following conditional respond

ing <uring a preference test (Test 5) . That is, the subject always 

respcnded to N3 given sample Al, and selected N4 with sample A2. The 

test for control by nonmatching stimuli would present tria l s involving 
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Al as the sample and 82 and N4 as comparisons, and A2 along with Bl 

and N3. Responding according to S- rules would predict that the 

novel comparisons would be selected during this test, even though 

the sample-novel comparison arrangements were previously found to be 

least preferred. The logic developed here will receive further 

el aboration. 

During all tests, transfer was considered evident if perform

ance on the test trials was comparable to accuracy levels achieved 

during the criterion A-B matching training. Specifically, the 

criterion for transfer required that at least 10 of 12 comparison 

responses (83-100%) were in the predicted direction. The probabil

ity of two or fewer incorrect selections on a 12-trial test is equal 

to or less than .016 (binomial test ) . 

Test l: B-A matching (test for equivalence). Test l was used 

to evaluate the possibility that A-B train i ng produced an equivalence 

between samples and comparisons. As shown in Figures and 2, this 

condition constituted a test for the reversibility of the A-B associ

ation : Bl and B2 were presented as samples and Al and A2 as compari

sons. Will subjects select Al given Bl, and choose Al in the pres

ence of 82? Test l trials may be denoted as: Bl(A2, Al) B2(Al ,A2) . 

Tests 2 and 6: Control by matching stimuli with novel compari

sons. The purpose of Test 2 was to assess the extent to which the 

original A-B training established sets of S+ rules. Test 2 trials 

took the basic form of: Al(Nl, Bl ) A2(N2, B2) . Test 6 provided a 

si milar analysis under the equivalent B-A condition: Bl (NS, Al ) 
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B2(N6, A2). During either test, subjects were expected to continue 

to match appropriate B or A comparisons. 

Tests 4 and 8: Control by nonmatching stimuli with novel com

parisons. Test 4 evaluated the degree of S- control exerted by the 

nonmatching stimuli encountered during A-B training. Thus, when 

presented with trials Al(B2, N3) A2(Bl, N4), subjects should consist

ently select the novel comparisons if operating under an S- rule. 

Test 8 asked the same question concerning the B-A relation. Test 8 

configurations were Bl (A2, N7) B2(Al, N8). 

Tests 3, 5, 7, and 9: Control by A and B samples over novel 

comparisons. As discussed earlier, these tests served as control 

measures for any untrained preferences shown over the novel compari

sons in the presence of A or B samples. In each test, subjects were 

given a trained sample and the two novel comparisons used for that 

particular test, e.g., Al(Nl, N2) A2(Nl, N2) were the trial config

urations for Test 3. Figures 1 and 2 illustrate some of the stimuli 

comprising these tests. 

Besides the trial configurations mentioned previously, alterna

tive arrangements of comparison stimuli were used. For example, Test 

2 was presented in one of two ways during the repeated testing: 1) 

Al (N1, Bl) A2(N2, 82), or 2) Al (N2, Bl) A2(Nl, 82). Subjects were 

confronted with one or both alternatives, depending on their perfor

mance during the prior preference testing. The reason for this was 

alluded to earlier. During the preference tests, subjects could 

show conditional responding to the novel comparisons. Thus, when a 
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test for sample-comparison control was administered, the novel compar

isons were arranged in an attempt to shift these preferences. To re

state the strategy, in the case of the S+ rule analysis, preferred 

novel stimuli were combined with matching (trained or equivalent) 

samples and comparisons. However, a test for the S- rule involved 

the nonpreferred novel comparisons in conjunction with the nonmatch

ing stimuli. 

Results 

Acquisition of A-8 Matching 

All subjects evidenced rapid acquisition of A-8 matching. OW 

and JT met criterion on the first A-B task (Set I stimuli) within the 

minimum four sessions, ED and JL took five sessions each to reach 

criterion. All subjects met criterion on the second A-8 problem (Set 

II st imuli) within four sessions. Throughout all test sessions, 

trained A-B matching performance was unimpaired, never diminishing 

below 96% accuracy. The percentages denoted within parentheses in 

Table 3 depict representative A-8 accuracy levels achieved during 

test sessions. 

Test Sessions 

Table 3 illustrates the critical test data obtained from the 

experiment. Recall that each test session involved 72 trained A-8 

trials and 12 nonreinforced test trials. 

Test 1. This test examined the extent to which the trained A-B 

relations were equivalent within the framework of sample-comparison 



Table 3 

Experiment 1 results: Tests for equivalence (Test 1), and control by matchinq (Tests 2 and 6) and 
nonmatching (Tests 4 and 8) stimuli are summarized. Tests listed in third and fourth positions 
were administered after training the second matching problem. Percentages in parentheses depict 
performance during the trained A-B trials. 

Subjects/ Test 1: Test 2: Test 4: Test 6: Test 8: 
Test % B-A Matching % /1.-B Matching % Selection of % B-.A Matchi n(J % Selection of 
Order with Novel Novel Comparisons \Ad th Nove 1 Novel Comparisons 

Incorrect with Nonmatching Incorrect with Nonmatching 
Comparisons A-B Stimuli Comparisons B-A Stimuli 

--
ED 1. (100) 100 (99) 100 ( 100) 83 (99) 100 (99) 92 

2. ( 100) 100 (100) 100 (99) 100 (99) 100 ( 100) 75 
3. ( 97) 100 ( 97) 100 (99) 100 ( 100) 100 (100) 100 
4 . ( 100) 100 ( 99) 100 (99) 100 ( 100) 92 (100) 100 

ow 1. (99) 100 (99) 100 (99) 100 (97) 100 (99) 100 
2. ( 97) 92 (100) 100 (99) 100 (99) 100 (99) 100 
3. (100) 100 ( 100) 92 (99) 100 ( 100) 100 (99) 100 
4. ( 98) 100 (100) 100 ( 97) 100 ( 96) 100 (99) 100 

JT 1. (100) 100 (100) 100 (99) 100 ( 100) 100 (100) 100 
2. ( 100) 100 ( 100) 100 ( 96) 100 (99) 100 (100) 100 
3. (100) 100 (99) 100 (99) 100 (100) 100 ( 100) 100 
4. ( 100) 100 (100) 100 (99) 100 ( 97) 100 (100) 100 

JL 1. ( 100) 100 (99) 100 (99) 83 ( 100) 100 (100) 100 
2. (100) 100 ( 97) 100 (100) 100 (99) 100 ( 100) 100 3. (100) 100 (100) 100 ( 100) 100 (100) 100 (100) 100 

<.J1 4. ( 100) 92 (97) 100 ( 100) 100 (99) 100 ( 100) 100 0 



51 

reversibility: i.e., B-A matching. Table 3 discloses that such 

reversibility uniformly occurred across all subjects; B-A matching 

was perfect during 14 of 16 administrations of the test. In the re

maining two sessions, OW and JL matched 92.% of the B-A configurations 

(11/12 trials). 

Tests 2 and 4. During Test 2, subjects were given the trained 

A-B samples and comparisons in conjunction with novel stimuli as al

ternate comparisons. Table 3 reveals that the insertion of these 

novel comparisons had virtually no effect on appropriate matching. 

Test 4 involved the A samples and nonmatching B comparisons, along 

with novel comparisons. Under this test, the subjects reliably 

selected the novel comparisons. 

Tests 6 and 8. Tests 6 and 8 were analogous to the foregoing 

test conditions but examined the degree of control exerted by the 

equivalent B-A matching and nonmatching configurations. The results 

of Test 6 demonstrated that the subjects appropriately matched B-A 

stimuli given novel incorrect comparisons. Test 8 showed that except 

for ED's second exposure to the test, there was a marked tendency to 

select the novel comparisons instead of the nonmatching B stimuli. 

Representative test series. Table 4 depicts exemplar sequences 

of preference tests and tests for control by matching and nonmatching 

stimuli. As earlier described, and as shown in this table, a given 

test series either began with a preference test or a test for stimu

lus control. Also illustrated in this table is the strategy of 

arranging the speci f ic configurations of Tests 2, 4, 6, or 8 depend-



Table 4 

Experiment 1 results: Percentages of comparison selection during representative tests for 
control by matching or nonmatching stimuli, and their respective preference tests (Tests 3, 
5, 7, and 9). Percentages in parentheses depict performance during the trained A-8 trials. 

Subjects/ Test Configurations and Subjects/ Test Configurations and 
Session# % Comparison Selection Session# % Comparison Selection 

Series I Series III 

ED 7 Test 2: Al(Nl, Bl) A2(N2, B2) JT 32 Test 6: Bl(N5, Al) B2(N6, A2) 
(99) 0 100 0 100 ( 100) 0 100 0 100 

8 Test 3: Al(Nl, N2) A2(Nl, N2) 33 Test 7: Bl(N5, N6) B2(N5, N6) 
(99) 100 0 0 100 (99) 0 100 83 17 

9 Test 2: Al(Nl, Bl) A2(N2, B2) 34 Test 6: Bl(N6, Al) B2(N5, A2) 
(100) 0 100 0 100 (97) 0 100 0 100 

10 Test 3: Al(Nl, N2) A2(Nl, N2) 35 Test 7: Bl(N5, N6) B2(N5, N6) 
(100) 100 0 0 100 ( 100) 0 100 100 0 



Table 4 (Continued) 

Subjects/ Test Configurations and Subjects/ 
Sess ion # % Comparison Selection Session# 

Series II 

Dl~ 5 Test 5: Al(N3, N4) A2(N3, N4) JL 42 
( 100) 17 83 67 33 

6 Test 4: Al(B2, N3) A2(Bl, N4) 43 
(99) 0 100 0 100 

7 Test 5: Al(N3, N4) A2(N3, N4) 44 
( 100) 100 0 0 100 

8 Test 4: Al(B2, N4) A2(Bl, N3) 45 
(99) 0 100 0 100 

Test Configurations and 
% Comparison Selection 

Series IV 

Test 9: Bl(N7, N8) B2(N7, N8) 
( 100) 50 50 33 67 

Test 8: Bl(A2, N8) B2(Al, N7) 
(100) 0 100 0 100 

Test 9: Bl(N7, N8) B2(N7, N8) 
(99) 33 67 50 50 

Test 8: Bl(A2, N7) B2(Al, N8) 
(100) 0 100 0 100 

u, 
w 
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ing on an individual subject's preference performance. For example, 

consider Series III by JT. The series commenced with Test 6 and JT 

appropriately selected the matching A comparisons 100% of the time. 

In the subsequent Test 7, JT showed a consistent "conditional" prefer

ence: N6 was always chosen when Bl was the sample, and NS was select

ed five out of six times (83%) when B2 was the sample. The next 

administration of Test 6, then, pitted the preferred novel compar

isons against the equivalent A comparisons; JT again selected the A 

comparisons over the novel stimuli. Finally, another Test 7 session 

confirmed the subject's conditional preference performance when novel 

comparisons alone were presented. 

The Series II results by OW further exemplify the strategy of 

sequencing test conditions. OW began the series with a preference 

test, Test 5. Moderate conditional preferences were shown: N4 was 

selected 83% of the time (5/6 trials) in the presence of Al, and N3 

67% of the time (4/6 trials) given sample A2. Since Test 4 (or Test 

8) was concerned with the degree of responding to novel stimuli, the 

less preferred novel stimuli were combined with the nonmatching A-B 

stimuli. As shown, OW chose the novel comparisons 100% of the time. 

During the subsequent Test 5, OW evidenced a shift in preferences, 

consequently, the final Test 4 involved the most recently nonpre

ferred novel comparisons. Again, however, when the nonmatching A-B 

samples and comparisons were presented, OW responded away from the 

B comparisons and selected the novel stimuli. 

The conditional preferences illustrated in Table 4, and partic-
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ularly the shift in preferences shown by OW, were not uniformly 

reliable phenomena. Subjects often showed a stimulus preference or 

resorted to some undetectable alternation strategy. (Session-by

session test results may be found in Appendix B.) 

Discussion 

The present test data substantiate the conclusion that the sub

jects learned complementary sets of S+ and S- rules as a result of 

the A-B matching training, a finding congruent with analyses of 

identity matching behavior (Dixon & Dixon, 1978, Note 1). These 

rules were evident given either the trained A-B configurations, or 

the equivalent B-A stimuli. In both cases, novel comparisons were 

rejected when the matching samples and comparisons were available, 

but the novel comparisons were consistently selected when the non

matching stimuli were presented. 

An order effect may be implicated with respect to the rule 

governed behavior demonstrated in B-A matching: Tests for S+ and S

responding always followed equivalence tests. Though B-A matching 

went unreinforced, it may be argued that this test experience some

how fostered the observed control in the presence of novel compari

sons. Consequently, Experiment 2 controlled for this possibility. 
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EXPERIMENT 2: CONTROL BY MATCHING AND NONMATCHING 

STIMULI IN MEDIATED STIMULUS EQUIVALENCES 

Introduction 
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The results of Experiment 1 suggested that the process of acquir

ing the A-B matching task involved learning complementary sets of S+ 

and S- rules. That is, on a given trial, the sample stimulus presum

ably served a twofold function: It instructed the subject as to 

which comparison was the S+, and the comparison that functioned as 

the S-. Moreover, this dual sample control was found to exist in the 

equivalent B-A relation. The present experiment analyzed the possi

bility that such differential control by matching and nonmatching 

stimuli also characterizes stimulus equivalences established via 

mediated transfer. Equivalent associations demonstrated under the 

stimulus equivalence, response equivalence, and chaining transfer 

paradigms were subjected to analysis. Secondarily, stimulus equiv

alences as determined by sample-comparison reversibility were also 

evaluated in this experiment. This was done simply to determine if 

reversibility and mediated transfer necessarily occur together. 

Method 

Subjects and Apparatus 

The 12 male participants in this experiment were divided 
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into three groups. Each group was composed of three naive members 

and one from Experiment 1. The apparatus remained the same. 

Design 

Figures 3 and 4 illustrate representative training and testing 

conditions for Experiment 2. The three groups differed with respect 

to the type of training and transfer paradigm used: Group 1, stimu

lus equivalence; Group 2, response equivalence; and Group 3, chaining. 

Use of the three paradigms controlled for potential biases when sam

ples or comparisons were used as the associative stimuli. Within 

each group, the experimental strategy was similar to Experiment 1: 

Two matching tasks were trained, each followed by series of test 

sessions. Two members of each group; MP and JL, JC and LM, and LH 

and GC were first trained and tested with Set Illa stimuli; then Set 

IVa. The remaining subjects; JK and LE, OW and NO, and AP and ED 

were first assigned to Set IIIb; then Set IVb. As in Experiment 1, 

half the subjects (JL, LE, LM, NO, GC, and ED) were exposed to sam

ple-comparison configurations that were the reverse of those illustra

ted in the figures. Table 5 overviews the sequence of conditions 

that occurred for each subject. 

Group 1 Procedures: Stimulus Equivalence Paradigm 

Sessions were again conducted six days per week, but terminated 

after 168 trials. The previously described token exchange ratios, 

trial procedures, and consequences were used. 

Train A-8, C-8 matching. Figure 3 depicts the four types of 





Figure 3. Representative stimuli (Sets IIIa and IIIb) used during the 
initial training and testing conditions in Experiment 2 for 
Group 1 subjects (Stimulus Equivalence). The letter/number 
designations correspond to the trial notation used in Tables 
6 and 7. Group 2 (Response Equivalence) and Group 3 (Chain
ing) were also initially exposed to these stimuli, but in 
combinations appropriate for their respective paradigms. 
See Figure 1 for details. 
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Train A-B. C-B Ma1cntng c, C2 C1 C2 

5Z C>i 8 Ld 
81' 82 - 81 - B2 • 81 • 82 - 81 - 82 • 
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Figure 4. Representative stimuli (Sets IVa and IVb) used during the 
replication sequence of training and testing conditions i n 
Experiment 2 for Group 2 (Response Equivalence) and Group 
3 (Chaining). The replication conditions for Group 1 
(Stimulus Equivalence) utilized different combination of 
these stimuli. The trial notation depicted in Tables 6 
and 7 corresponds to the letter/number assignments illus
trated. See Figure 1 for details. 
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Table 5 

Sequence of conditions for subjects of Experiment 2. Tests 1-6 are 
listed in their order of occurrence for each subject. Figures 3 and 
4 illustrate stimulus configurations corresponding to the training 
and testing conditions for the subjects of each group. 

Grp 1: MP JK JL LE Grp 1: MP JK JL LE 
Grp 2: JC D~J LM NO Grp 2: JC ow LM NO 
Grp 3: LH AP GC ED Grp 3: LH AP GC ED 

1. T . a ram : 3. T . b rain 

A-B, C-B Matching (Grp 1) A-B, C-B Matching (Grp 1) 
A-8, A-C Matching (Grp 2) A-B, A-C Matching (Grp 2) 
A-B, B-C Matching (Grp 3) A-B, B-C Matching (Grp 3) 

2. Administer Testsa: 4. Administer Testsb: 

1 4 2 6 5 1 3 2 
2 3 1 5 6 2 4 1 

4 6 5 3 
3 3 5 5 6 6 4 4 
4 6 5 3 
3 2 5 1 2 6 1 4 
4 1 6 2 l 5 2 3 

2 5 1 3 4 2 6 1 
1 6 2 4 3 1 5 2 

5 3 4 6 
6 6 4 4 3 3 5 5 
5 3 4 6 
6 1 4 2 1 3 2 5 
5 2 3 1 2 4 1 6 

aStimulus Sets Illa and IIIb were used for the initial conditions. 

bStimulus Sets IVa and IVb were used for the replication conditions. 
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training configurations that comprised the criterion A-B, C-B dis

crimination. Consistent with the previous notation system, the four 

trials were: Al(B2, Bl*) A2(Bl, B2*) C2(Bl, B2*). In short, subjects 

were reinforced for selecting the comparison Bl, when Al and Cl were 

presented as samples, and for responding to B2, given the samples A2 

and C2. Terminal performance was accomplished in three phases: 

First, subjects were trained on a 168-trial A-B matching problem to 

a criterion of 95-100% correct responding for one session under con

tinuous feedback. Second, subjects were exposed to a 168-trial mix

ture of 84 A-B trials and 84 C-B trials. Instructions essentially 

identical to those in Experiment 1 were used to introduce each of the 

first two phases. The A-B, C-B training continued until one session 

of 95-100% correct matching occurred. Finally, the intermittent con

tingencies were instated and continued until three consecutive ses

sions occurred with 95-100% correct matching. 

Test sessions. As before, the intermittent schedule of feed

back remained in effect throughout testing. All test sessions des

cribed next consisted of 168 trials: 144 A-B, C-B trials, and 24 

nonreinforced probes. Figure 3 outlines the sample and comparison 

st i muli that comprised the probe trials inserted during the various 

tests. 

Tests 1 and 2: Tests for equivalences. Stimulus equivalence was 

evaluated in two ways for the three groups of this experiment. As in 

Experiment l, Test l constituted a reversibility test of the trained 

samples and comparisons: For Group 1, this in volved the trials 
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Bl(A2, Al) B2(Al, A2) Bl(C2, Cl) B2(Cl, C2). Interspersed among the 

144 trained A-B, C-B trials were 12 B-A trials and 12 B-C trials. 

Test 2 assessed the formation of stimulus equivalences in terms of 

mediated transfer. Accordingly, Group 1 received the following 12 

A-C and 12 C-A trials intermixed with the trained trials: Al(C2, Cl) 

A2(Cl, C2) Cl(A2, Al) C2(Al, A2). 

Tests 3 and 5: Control by matching and nonmatching stimuli with 

novel comparisons. Once again, there were two versions of both Test 

3 and Test 5 so that any conditional preferences shown during Tests 

4 and 6 could be explicitly arranged for the purpose of testing stim

ulus control. Test 3 probed for the existence of S+ control in the 

indirect associations A-C and C-A: e.g., Al(Nl, Cl) A2(N2, C2) Cl 

(Nl, Al) C2(N2, A2). Thus, when given the sample Al and the com

parisons Cl and Nl, will subjects select Cl ? Alternately, given C2 

as the sample plus comparisons A2 and N2, will A2 be chosen? These 

questions are analogous to those asked in Tests 2 and 6 of Experi

ment l. In a similar vein, Test 5 for Group 1 probed for control by 

nonmatching A-C, C-A stimuli: e.g., Al(C2, N3) A2(Cl, N4) Cl(A2, N3) 

C2(Al ,N4). Consiste nt with the logic of Tests 4 and 8 of Experiment 

1, subjects were expected to select the novel comparisons consis

tently. 

Tests 4 and 6: Control by A and C samples over novel compari

sons. The stimulus arrangements for Tests 4 and 6, and their order 

of occurrence across subjects are summarized in Figure 3 and Table 5, 

re spect i vely . The rationale and procedures for administration were 
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identical to those use~ in Experiment 1 for Tests 3, 5, 6, and 9. 

Each test involved 12 trials with A as the sample, and 12 trials with 

C as the sample: e.g., for Test 4 the trials Al(Nl, N2) A2(Nl, N2) 

Cl(Nl, N2) C2(Nl, N2) were used. 

Group 2 Procedures: Response Equivalence Paradigm 

Train A-B, A-C matching. Figure 4 shows the types of stimuli 

that were used with Group 2. Criterion A-B, A-C matching was trained 

in the manner described for Group 1. Considering the paradigm differ

ences, however, subjects here were taught to select Bl and Cl when 

given sample Al, and to choose 82 and C2 when sample A2 was displayed: 

Al(B2, Bl*) A2(Bl, 82*) Al(C2,Cl*) A2(Cl, C2*). 

Test sessions. Figure 4 and Table 5 summarize the test proced

ures. Each test corresponded exactly to its numerical counterpart 

for Group 1 in terms of conceptualization and administration, but, of 

course, the specific stimuli differed. The test for reversibility 

(Test 1) involved 8-A and C-A trials; and the test for mediated trans

fer (Test 2) probed with B-C and C-8 trials. Subsequently, Tests 3 

and 5 were used to ascertain whether or not S+ and S- rules existed 

in the 8-C and C-8 associations. Appropriate preference tests (Tests 

4 and 6) intervened. 

Group 3 Procedures: Chaining Paradigm 

Figure 4 and Table 5 provide the essential information regarding 

the manipulations conducted with Group 3. All training and testing 

procedures were identical to those described for Groups 1 and 2. The 



66 

factor that differentiated this group from the others was the nature 

of the matching training prior to testing. Under the chaining para

digm, subjects were trained to select Bl in the presence of Al, and 

B2 when A2 was displayed. Concurrently, with Bl as the sample, sub

jects were reinforced for selecting Cl, and C2 was the correct selec

tion given sample B2. The chaining procedure may be denoted: Al(B2, 

Bl*) A2(Bl, 82*) Bl(C2, Cl*) B2(Cl, C2*). 

Results 

Group l: Acquisition of Matc~ing 

According to the stimulus equivalence paradigm, Group 1 subjects 

were required to learn A-8, C-8 matching tasks prior to the various 

test sessions . Each subject learned two matching problems. In order 

to meet criterion level matching, a minimum of five sess i ons was 

required. The subjects took the following number of sessions to 

acquire the first and second matching tasks, respectively: MP, 9-7; 

JK, 6-8; JL, 8-6; and LE, 14-9. As indicated in Table 6 (percentages 

in parentheses ) , performance during the trained A-8, C-B trials 

remained high (97-100%) throughout all test sessions, including the 

intervening preference tests. 

Group l: Test Sessions 

Table 6 summarizes the essential findings from the test sessions 

conducted with Group 1. The 24 test trials within each test were 

equally divided between the two t ypes of configurations relevant to 



Table 6 

Experiment 2 results: Tests for equivalence (Tests 1 and 2), and control by matching (Test 3) 
and nonmatching (Test 5) stimuli are summarized. See Table 3 for details. 

Subjec ts/ Test 1: Test 2: Test 3: Test 5: 
Test Order % Sample- % Mediated % Mediated % Selection of 

Comparison Matching Matching with Novel Comparisons 
Reversibility Novel Incorrect with Nonmatching 

Com pa ri sons Mediated Stimuli 
--

Grp 1: B-A B-C A-C 
(A-13, C-B Trn'd) 

C-A A-C C-A A-C C-A 
-

MP l. (100) 92 92 (99) 58 33 (100) 50 42 (99) 67 58 
2. ( 99) 50 50 (99) 50 50 (99) 58 50 ( 97) 67 67 
3. (100) 50 50 (100) 67 33 (99) 50 50 (99) 67 75 
4. (99) 50 50 (100) 50 50 ( 100) 50 50 (100) 50 50 

JK 1. (99) 100 92 (99) 100 100 (99) 100 100 (98) 100 100 
2. ( 97) 100 100 (99) 92 100 (100) 100 100 ( 97) 100 100 
3. ( 97) 100 92 ( 97) 100 92 (99) 100 100 (99) 100 100 
4. (100) 100 100 (99) 100 100 (99) 100 100 (99) 100 100 

JL 1. (100) 100 100 ( 100) 100 100 ( 100) 100 100 ( 100) 100 100 
2. ( 99) 100 100 (99) 100 100 (99) 100 100 (100) 100 100 
3. ( 98) 92 100 (99) 83 100 (99) 100 100 (99) 100 92 
4. (99) 100 100 ( 100) 100 100 (99) 100 100 (99) 100 100 

LE 1. (99) 100 100 (99) 83 83 (97) 83 92 (100) 100 92 
2. (99) 100 100 (99) 100 92 (100) 100 100 ( 100) 100 92 
3. (100) 92 100 (99) 92 100 (99) 100 100 (98) 100 100 

CJ) 

-...J 

4. (99) 100 100 (99) 92 100 (97) 100 100 (99) 92 100 



Table 6 (Continued) 

Subjects/ Test 1: Test 2: Test 3: Test 5: 
Test Order % Sample- % Mediated % Mediated % Selection of 

Comparison Matching Matching with Novel Comparisons 
Reversibility Novel Incorrect with Nonmatching 

Comparisons Mediated Stimuli 
--

Grp 2: B-A. C-A B-C C-B B-C C-B B-C C-B 
(A- B, A-C Trn'd) 

-

JC 1. (100) 100 100 ( 100) 100 100 ( 100) 100 100 (99) 100 100 
2. (99) 100 100 (98) 100 100 (99) 100 100 (98) 100 100 
3. ( 100) 100 100 (99) 100 100 (99) 100 100 (99) 100 100 
4. (100) 100 100 (99) 100 100 (99) 100 100 (99) 100 100 

ow 1. (99) 100 100 ( 100) 100 100 (99) 100 100 (100) 100 100 
2. (99) 100 100 (99) 100 100 (99) 100 100 ( 100) 100 100 
3. (99) 100 100 (100) 100 100 (99) 100 100 (100) 100 100 
4. (100) 100 100 (100) 100 100 ( 100) 100 100 (99) 100 100 

LM l (99) 100 100 (99) 33 50 (99) 100 100 (98) 0 0 J . • 

2. (98) 100 100 (96) 83 100 (99) 100 100 (99) 50 42 
3. (99) 100 100 (100) 92 100 (98) 100 100 (99) 92 92 
4. (99) 100 100 (98) 100 92 (98) 100 100 (98) 100 92 

NO 1. (99) 100 100 ( 100) 100 100 (99) 100 100 ( 100) 100 100 
2. ( 99) 100 100 (99) 100 100 (99) 100 100 (100) 100 100 
3. ( 99) 100 100 (100) 100 100 (100) 100 100 (99) 92 100 
4. ( 100) 100 100 (100) 100 100 (99) 100 100 (99) 100 100 

CJ) 
CX) 



Table 6 (Continued) 

Subjects/ Test 1: Test 2: Test 3: Test 5: 
Test Order % Sample- % Mediated % Mediated % Selection of 

Campa ri son Matching Mate hi ng with Novel Comparisons 
Revers i bi 1 ity Novel Incorrect with Nonmatching 

Comparisons Mediated Stimuli 

--
Grp 3: B-A C-B A-C C-A A-C C-A A-C C-A 
(A-B, B-C Trn'd) - -

LH 1. (100) 100 100 (99) 100 100 (99) 100 100 (100) 100 100 
2. (99) 100 100 ( 100) 100 100 (99) 100 100 (99) 100 100 
3. (99) 100 100 (100) 100 100 (99) 92 100 (100) 100 92 
4. ( 100) 100 100 ( 100) 100 100 (100) 100 92 ( 100) 100 100 

AP 1. (100) 92 92 (99) 83 83 (99) 100 83 (98) 58 58 
2. ( 96) 92 100 (98) 83 92 (99) 92 92 (99) 67 75 
3. (100) 100 100 (99) 92 100 (99) 100 100 (99) 100 100 
4. ( 100) 100 100 ( 97) 92 100 (100) 92 100 (99) 92 100 

GC 1. (99) 100 83 ( 97) 100 83 (99) 92 92 (98) 100 100 
2. (98) 100 100 (98) 100 100 (99) 92 92 (100) 100 100 
3. (99) 100 100 (99) 100 100 (100) 100 100 (99) 100 100 
4. ( 97) 92 100 (98) 100 100 (99) 100 92 (98) 100 100 

ED 1. (100) 100 92 (100) 92 92 (100) 100 100 (98) 100 92 
2. (99) 100 100 (99) 100 92 (99) 100 100 (97) 92 92 
3. (100) 75 92 (99) 92 83 (99) 100 100 (99) 100 100 
4. ( 97) 83 92 (98) 100 92 (99) 100 92 (99) 100 92 

CJ) 

~ 
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each test. Each percentage is based on the 12 trials pertaining to 

that type of test. Note that each test was administered four times. 

The first and second administrations followed the initial matching 

training; the third and fourth after learning the second matching 

task. 

Tests l and 2. As in Experiment l, Test l probed for the exis

tence of sample-comparison reversibility, but here B-A and B-C trials 

were involved. As shown in Table 6, three of four subjects showed 

consistent B-A and B-C matching under this test. The fourth subject, 

MP, evidenced appropriate reversibility on 92% of the probe trials 

during the first Test l, then declined to chance level during the 

remaining tests. Test 2 constituted the assessment for mediated 

transfer of matching and the results of three subjects showed clear 

evidence for such transfer. MP, however, responded at or near chance 

level during all mediated transfer tests. 

Tests 3 and 5. Test 3 was similar to Experiment l probes for con

trol by matching stimuli. Here, however, the analysis was performed 

with the samples and comparisons involved in the mediated transfer 

test. Thus, the subjects were given the matching A-C and C-A stimuli 

along with novel comparisons. The three subjects that showed mediat

ed transfer also matched appropriately under this test. The perform

ance of MP was again at chance level. Test 5 attempted to determine 

if the nonmatching A-C and C-A stimuli would control responses to 

novel comparisons. The three subjects who showed appropriate control 

in Tests 2 and 3 consistently responded as predicted. With one 
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exception, MP's selection accuracy was at chance level throughout the 

Test 5 sessions. 

Group 2: Acquisition of Matching 

Group 2 subjects were exposed to the response equivalence para

digm. The criterion level task involved A-B, A-C matching. The first 

matching problem was acquired in 7, 6, 8, and 5 sessions by JC, OW, 

LM, and NO, respectively. All subjects achieved the second matching 

task within the minimum five sessions. As shown in Table 6 (percent

ages in parentheses), matching accuracy on the trained A-8, A-C trials 

never fell below criterion during subsequent test sessions. 

Group 2: Test Sessions 

Table 6 depicts the test results for Group 2. All tests were 

conceptually similar to those used with Group 1. All subjects showed 

perfect reversibility under Test 1. Additionally, the results of 

three subjects (JC, OW, and NO) are consistent with the majority of 

Group 1 subjects. These subjects all evinced uniform mediated trans

fer (Test 2); and evidenced mediated matching given novel comparisons 

(Test 3). These subjects also reliably selected the novel compari

sons when combined with the nonmatching B-C and C-B stimuli (Test 5) . 

LM's performance under Test 2 and 5 deviated from that of the other 

subjects. Evidence for mediated transfer occurred only during the 

second and subsequent administrations of Test 2. Under Test 5, LM 

began by always rejecting the novel stimuli, then performed at chance 

level. During the last two administrations of Test 5, LM responded 
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reliably to the novel comparisons. 

Group 3: Acquisition of Matching 

Group 3 also learned two matching problems, but under the chain

ing paradigm: A-B, B-C matching. Overall, acquisition for this group 

compared favorably to Groups l and 2. LH required 6 sessions to learn 

the first matching task and 5 for the second; AP, 10 and 6; GC, 11 

and 9; and ED, 5 and 9 sessions. Throughout all subsequent test 

sessions performance during the trained matching problems remained 

uniformly high (96-100%), as shown in Table 6 for Group 3. 

Group 3: Test Sessions 

The bulk of the test data shown in Table 6 for Group 3 is 

consistent with that produced by Groups l and 2. Except for ED's 

third exposure to Test 1, sample-comparison reversibility was amply 

demonstrated by all subjects, as well as mediated transfer (Test 2). 

During Tests 3 and 5, these subjects also replicated previous find

ings: Mediated transfer occurred with novel incorrect comparisons 

available, and novel comparisons were consistently chosen when non

matching stimuli were presented. AP responded reliably to the novel 

stimuli during Test 5 after training on the second matching task. 

Representative Test Series 

Table 7 depicts select sequences of Series I and II tests for 

the three groups. Besides providing a more detailed account of Tests 

3 and 5, Tests 4 and 6 are displayed. These test series again illus-
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Experiment 2 results: Percentages of comparison selection durinq re-
presentative tests for control by matching or nonmatching stimuli, and 
their respective preference tests (Tests 4 and 6). Percentages in par-
entheses depict performance during trained matching trials. 

Subjects/ Test Configurations and 
Session # % Comparison Selection 

Series I: Grp 1 (A-B, C-B Trn'd) 

MP 12 Test 3: Al(Nl, Cl) A2(N2, C2) Cl(Nl, Al) C2(N2, A2) 
( 100) 50 50 50 50 67 33 50 50 

13 Test 4: Al(Nl, N2) A2 ( Nl, N2) C 1 ( N 1, N2) C2(Nl, N2) 
(100) 50 50 50 50 50 50 50 50 

14 Test 3: Al(N2, Cl) A2(Nl, C2) Cl ( N2, A 1) C2(Nl, A2) 
(99) 50 50 50 50 33 67 50 50 

15 Test 4: Al(Nl, N2) A2(Nl, N2) Cl(Nl, N2) C2(Nl, N2) 
(98) 67 33 50 50 50 50 50 50 

J K 7 Test 4: Al(Nl, N2) A2 ( Nl, N2) Cl(Nl, N2) C2(Nl, N2) 
(99) 0 100 100 0 0 100 83 17 

8 Test 3: Al(N2, Cl) A2 ( Nl, C2) Cl(N2, .1\1) C2(Nl, A2) 
(99) 0 100 0 100 0 100 0 100 

9 Test 4 : Al(Nl, N2) A2(Nl, N2) Cl(Nl, N2) C2(Nl, N2) 
(98) 17 83 100 0 17 83 100 0 

10 Test 3: A 1 ( N2, Cl) A2(Nl, C2) Cl(N2, Al) C2(Nl, A2) 
(100) 0 100 0 100 0 100 0 100 

Series II: Grp 2 (A-B, A-C Trn'd) 

LM 11 Test 5: Bl(C2, N3) B2 (Cl , N4) Cl(B2, N3) C:2(B1, N4) 
(98) 100 0 100 0 100 0 100 0 

12 Test 6: Bl(N3, N4) B2(N3, N4) Cl(N3, N4) C2(N.3, N4) 
( 100) 100 0 33 67 83 17 67 33 

13 Test 5: Bl(C2, N4) B2(Cl, N3) Cl(B2, N4) C2(B1, N.3) 
(99) 0 100 100 0 17 83 100 0 

14 Test 6: Bl(N3, N4) B2(N3, N4) CJ.(N.3, N4) C2(N.3, N4) 
(99) 0 100 0 100 0 100 0 100 
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Table 7 (Continued) 

Subjects/ Test Configurations and 
Session# % Comparison Selection 

NO 6 Test 6: Bl(N3, N4) B2(N3, N4) Cl(N3, N4) C2(N3, N4) 
(99) 100 0 0 100 100 0 0 100 

7 Test 5: Bl(C2, N4) B2(Cl, N3) C 1 ( B2 , N4) C2(B1, N3) 
( 100) 0 100 0 100 0 100 0 100 

8 Test 6: Bl(N3, N4) B2(N3, N4) Cl(N3, N4) C2(N3, N4) 
(99) 0 100 100 0 0 100 100 0 

9 Test 5: Bl(C2, N3) B2(Cl, N4) Cl(B2, N3) C2(B1, N4) 
(100) 0 100 0 100 0 100 0 100 

Series I: Grp 3 (A-B, B-C Trn'd) 

AP 11 Test 4: Al(Nl, N2) A2(Nl, N2) Cl (Nl, N2) C2(Nl, N2) 
( 96) 33 67 67 33 50 50 33 67 

12 Test 3: Al(N2, Cl) A2(N2, C2) Cl(N2, A. l) C2(Nl, P-.2) 
(99) 0 100 0 100 33 67 0 100 

13 Test 4: Al(Nl, N2) A2(Nl, N2) Cl(Nl, N2) C2(Nl, ~2) 
( 100) 17 83 33 67 33 67 50 50 

14 Test 3: Al(N2, Cl) A2(Nl, C2) Cl(N2, Al) C2(Nl, A2) 
(99) 0 100 17 83 0 100 17 83 

Series II: Grp 3 (A-B, B-C Trn'd) 

ED 35 Test 5: Al(C2, N3) A2(Cl, N4) Cl(A2, N3) C2 (A 1, N4) 
(99) 0 100 0 100 0 100 0 100 

36 Test 6: Al(N3, N4) A2 ( N3, N4) Cl(N3, N4) C2(N3, N4) 
(97) 83 17 17 83 50 50 17 83 

37 Test 5: Al(C2, N4) .A2 ( C 1, N3) C 1 ( A2, N4) C2(Al, N3) 
(99) 0 100 0 100 0 100 17 83 

38 Test 6: Al ( N3, N4) A2(N3, N4) CJ.(N3, N4) C2(N3, N4) 
( 96) 83 17 67 33 83 17 50 50 



75 

trate the strategy of using preferential responding during Tests 4 

and 6 to experimental advantage. For example, on Session 7, JK began 

the Series I sequence with a preference test, Test 4. JK showed novel 

comparison selection that was clearly under the control of the sample 

stimuli. That is, given samples Al and Cl, N2 was chosen; whereas, 

given A2 and C2, Nl was selected all but once. The subsequent Test 3 

demonstrated that the presence of the matching stimuli resulted in a 

dramatic shift in comparison selection. These effects were replicated 

during a readministration of the two tests. As i llustrated by ED, t he 

tactic for evaluating control by nonmatching stimulus equivalents (Ser

ies II tests) differed. On Session 35, ED was given Test 5 and con

sistently selected the novel comparisons in configurat ions which al so 

invol ved the matching A-C and C-A st i muli. Some degree of preferential 

responding was then found under Test 6. The next administration of 

Test 5, then, evaluated if the nonmatching equivalents could effect a 

shift in responding to the novel stimuli, an outcome verified during 

Session 37. (Appendices C, D, and E contain complete descriptions and 

results for all test sessions for each subject. ) 

Discussion 

Mediated associations were found to embody sample-comparison 

stimulus control consistent with the S+ and S- rule distinction. The 

11 of 12 subjects who showed consistent mediated transfer also 

evinced that: a ) The equivalent st i muli were matched when novel 



76 

comparisons were available (Test 3); and b) the presence of nonequiv

alent samples and comparisons controlled responding to novel compari

sons (Test 5). Thus, such dual control is not re stricted to associ

ations directly trained or their reversible counterparts, as deter

mined in Experiment 1. Apparently, these indirect equivalents and 

their twofold function can be brought about under at least three 

fundamental associative learning paradigms: stimulus equivalence, 

response equivalence, or chaining. All training procedures appeared 

equally efficient in this regard. 

The emergence of mediated transfer and differential stimulus 

control were not universal phenomena in this experiment. The Test 

and 2 results of MP and LM suggest that there are some circumstances 

where sample-comparison reversibility will occur without necessarily 

leading to mediated transfer. The relationship between S+ and S

rule learning and mediated transfer is also unclear. MP, who showed 

no mediated transfer, also demonstrated little or no control by S+ 

and S- configurations. LM, on the other hand, showed mediated match

ing with novel comparisons present (Test 3), however, only after 

repeated training and testing, evidenced mediated transfer during 

Test 2 and control by nonmatching stimuli under Test 5. 



CHAPTER VI 

GENERAL DISCUSSION 

The Formation of Stimulus Equivalences 

Intellectually delayed humans were taught nonidentity matching

to-sample with visual stimuli. Contrary to the extant research with 

pigeons (Gray, 1966; Hogan & Zentall, 1977; Rodewald, 1974), test 

sessions confirmed the stimulus equivalence or single-rule (Carter & 

Werner, 1978) interpretation of the trained associations. At one 

level of analysis, the reversibility tests of Experiment 1 demonstra

ted that the two explicitly trained members of the stimulus classes 

were interchangeable: Following training on A-B configurations, the 

subjects correctly matched the B-A samples and comparisons. Thus, 

the stimuli originally used as comparisons effectively controlled 

matching to their respective class members when presented as samples 

for the first time. Experiment 2 evinced that three-member stimuius 

classes were established without direct training under three associa

tive learning paradigms. Consequently, given a trained relation

ship between sample A and comparison B, a third stimulus, C, became 

an equivalent class member by direct training as a sample for B (stim

ulus equivalence); as a comparison for A (response equivalence); or 

as a comparison with B used as the sample (chaining). Stimulus equiv

alences were verified by appropriate sample-comparison matching be

tween C and the third class member not directly encountered with C; 
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that is, A-C and C-A, B-C and C-B, and A-C and C-A matching, respec

tively. The comparable efficacy with which the three procedures gen

erated mediated transfer extends previous analyses of response equiv

alence and chaining paradigms (Lazar, 1977; Sidman, 1971; Sidman & 

Cresson, 1973; Sidman et al., 1974). 

In contrast to the findings of Spradlin et al. (1973), the 

present results demonstrated that mediated transfer was reliably 

achieved via minimal two-stage training. Spradlin et al. reported 

that two of three moderately retarded subjects trained under a 

response equivalence paradigm failed to evidence mediated transfer. 

Unlike the Spradlin et al. study, however, the present investigation 

maintained criterion level A-B performance while A-C matching was 

trained and the subsequent B-C and C-B test trials were administered. 

Thus, mediated transfer was not dependent upon long-term memory 

for earlier acquired matching associations. The intermixing of the 

various training and testing phases may have been an important factor 

in the initial establishment of mediated associations. 

Sample-comparison reversibility might be considered a necessary 

prerequisite for the emergence of mediated transfer (Jenkins, 1963). 

The results of Experiment 2 lend some credence to this argument. All 

subjects who showed mediated transfer also evinced reversibility. 

However, the results of MP and LM illustrated cases where the reversi

bility of samples and comparisons, and mediated transfer were not 

perfectly correlated. From the present results it may be deduced 

that reversibility may be necessary but not sufficient for the 
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emergence of mediation. Whether this finding reflects some basic 

difference between the two transfer tasks or methodological factors 

is an open question. Previous studies (Dixon & Spradlin, 1976; Lazar, 

1977; Spradlin & Dixon, 1976) demonstrated that mediated transfer was 

not an immediate occurrence for all subjects. Extended testing or 

explicit training on reversed associations and several respresenta

tive matching problems may be necessary to produce indirect stimulus 

equivalences with some subjects. For instance, had an attempt been 

made to maintain reversed matching during the mediation tests, MP 

might have also shown transfer. Likewis~, continued training and 

exposure to the mediation test may have been responsible for LM's 

criterion level transfer. As Lazar (1977) surmised, acquisition of 

the different stages of matching might be relegated to simple rote 

learning without the employment of any logical problem solving strat

egy. This might be another way of saying that simple stimulus

response chains were learned or discriminations based on trial config

urations. Unfortunately, evaluations of these alternatives were pre

cluded in the present study and the results of previous research fail 

to shed any light on these questions. Parametric analyses of the 

stimulus and procedural variables that may contribute to the produc

tion of mediated transfer would have theoretical and pragmatic import. 

Since extra-experimental learning histories are obvious variables with 

older, more competent subjects, future research might profitably focus 

on persons who evidence severe linguistic deficits. Except for MP, 

all of the present subjects were relatively proficient in expressive 
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language. They frequently engaged in spontaneous conversation with 

the experimenter and related detailed accounts of past and future 

activities. MP, however, displayed neither spontaneous expression, 

nor vocal imitation. 

Stimulus Control by Samples and Comparisons 

The evaluations for sample-comparison reversibility and mediated 

stimulus equivalences suggest a rather complex form of relational 

stimulus control was established with the present subjects. Further 

testing successfully elucidated some of the factors that may have 

contributed to such relational control. Apparently, as in trained 

identity matching (Dixon & Dixon, 1978, Note l), arbitrary matching 

acquisition typically involves the formation of control by matching 

and nonmatching configurations. Applying the rule analysis of 

Cumming and Berryman (Berryman et al., 1965; Cumming & Berryman, 1961) 

to the current data, the sample stimulus served a bipartite function. 

The S+ rule was evidenced by appropriate matching when novel incorrect 

comparisons were available. The S- rule interpretation was supported 

by the consistent selection of the novel comparisons when nonmatching 

samples and comparisons were also presented. Both S+ and S- rule per

formances were also observed during nonreinforced tests which involved 

reversed equivalents (Experiment 1) and mediated equivalents (Experi

ment 2). Preference tests determined that the rule governed behaviors 

were a product of the combined presence of the sample and comparison 

stimuli. Again, these findings are in contrast to the available 
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pigeon data (Carter & Werner, 1978). 

There are several factors related to the present procedures that 

may have fostered the observed control by matching and nonmatching 

stimulus configurations. Most notable are the possible influences of 

the explicit verbal instructions and the differential feedback pro

vided during training. Would contingency-shaped matching performance 

yield control during tests for S+ and S- responding comparable to that 

prefaced with verbal instructions? Likewise, did the contingent 

buzzer somehow inhibit responding to nonmatching comparisons and there

by promote selection of the novel stimuli? These factors, as well as 

those previously mentioned regarding the formation of stimulus equiva

lences should be considered in future investigations. 

As discussed earlier, the relationship bet ween demonstrated S+ 

and S- rule behavior and mediated transfer is unclear from the present 

results. For the 9 of 12 subjects of Experiment 2 who demon-

st rated iITTTiediate and consistent mediated transfer, S+ and S- stimu

lus control were also observed. As shown by LM and AP, however, 

evidence for mediated transfer occurred without the combined S+ and S

functions of the sample stimuli. This suggests that while humans tend 

to learn complementary sets of sample-comparison rules, stimulus 

equivalences may be a product of S+ rules, S- rules, or both. An 

experimental test of this notion would attempt to generate stimulus 

equivalences entirely on the basis of exposure to positive or negative 

i nstances of a given stimulus class. For example, Cl might be 

categorized as an instance of class Al-Bl because subjects were 
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taught that Cl was also an S+ in the presence of Al. Conversely, 

other subjects might be taught that Cl was not an instance of A2-B2, 

i.e., an S- in the presence of A2; therefore Cl might be assumed to 

be member of the Al-Bl stimulus class. Such an experiment would be 

related to the controversy over the relative importance of the S+ and 

S- in discrimination learning (Mackintosh, 1974). It may well be that 

humans are capable of complex categorization on the basis of either 

training history. 

Another direction for future research might be to focus on the 

role of the comparison stimuli in control over novel comparisons. 

There are some data which suggest that the S- responding evidenced in 

this study might not be entirely attributable to the combined presence 

of nonmatching samples and comparisons. Subjects may avoid responding 

to any comparison that has an explicit history of association with an 

instructional stimulus. For example, Dixon (1977) , after training 

spoken word-object relat i ons, probed with trials that involved the 

trained choice, a novel spoken word, and an untrained choice object. 

These and other test conditions determined that subjects would con

sistently respond away from the trained object and select the un

trained choice. Similarly, research in receptive language acquisi

t ion suggests that humans tend to respond away from "known" choices 

when new spoken words are encountered (Vincent-Smith et al., 1975). 

These results suggest an additional analysis of stimulus equivalences: 

Would any member of an established stimulus class exert similar control 

in the presence of novel samples and comparisons? To i llustrate, 
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assume that subjects were first taught a visual A-B matching problem: 

Al(B2, Bl*) A2(Bl, B2*). A subsequent test would involve the follow

ing kinds of trials: Nl(Bl, N3) N2(B2, N4). Dixon's findings predict 

that subjects would select the novel compari.sons N3 and N4, instead of 

the trained comparisons. Furthermore, if the A-B relations are in

deed equivalent; then one would expect the same degree of control over 

novel comparisons when the A stimuli we.re used as comparisons. Such 

trials would appear as Nl(Al, N3) N2(A2, N4) . 

To summarize, the present findings, as well as those of other 

researchers (Dixon, 1978; Dixon & Spradlin, 1976; Lazar, 1977; 

Sidman, 1971; Sidman & Cresson, 1973; Sidman et al., 1974; Spradlin 

et al . , 1973; Spradlin & Dixon, 1976; Wetherby et al . , Note 2) , are 

not consistent with a multiple-rule/coding response explanation of 

matching-to-sample (Carter & Werner, 1978) . The nonidentity matching 

performance of humans is characterized by the formation of stimulus 

equivalences, performance congruent with a single-rule or concept 

learning model (Carter & Werner, 1978) of matching. Empirically, 

stimulus equivalences are demonstrated by the substitutability of 

samples and comparisons within a designated stimulus class. Equiva

l ences may emerge via direct association with existing class members 

while serving in either one of the matching contexts, as samples or 

comparisons. Performance under the stimulus equivalence model may be 

generally described as follows: A stimulus used as either a sample or 

a comparison for a desi gnated stimul us class will automatically 

funct i on appropriately as a sample or comparison for other members of 
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the class. When placed in the role of a sample, equivalent class 

members will exercise a twofold instructional function. The S+ rule 

function might be stated as: Given a sample and matching comparison 

from a trained stimulus class, and an unfamiliar comparison, select 

the trained comparison. The S- rule, however, might be stated: 

Given a sample and nonmatching comparison from a trained stimulus 

class, and an unfamiliar comparison, select the unfamiliar comparison. 

The present analysis of S+ and S- rules provides a beginning determi

nation of the extent to which stimulus class members are in fact 

equivalent. Future research should ascertain the conditional dis

crimination histories responsible for stimulus equivalences and dual 

sample control . The contextual boundaries of demonstrated equiva

lences also need delineation; this should include an analysi s of the 

rel ative contributions of the trained comparison stimuli in control 

over novel comparison selection. 



85 

LITERATURE CITEO 

Reference Notes 

1. Dixon, M. H., & Dixon, L. S. Relational stimulus control in mat
ching-to-sample oerformance in retardates. Unpublished manu
script, 1979. 

2. Wetherby, B., Karlan, G., & Spradlin, J. Development of stimu
lus equivalences and ~neralization iQ___£!'eschoolers. Unpublished 
manuscript, 1979. 

References 

Ber r yma n , R . , C umm i n g , W . W . , Cohen , L . R . , & Jo h n s on , D . F . Ac q u i -
sition and transfer of simultaneous oddity. Psychological Re
ports, 1965, lZ., 767-775. 

Caron, A. J. Conceptual transfer in oreverbal children as a conse
quence of dimensional training. Journal of Experimental Child 
Psychology, 1968, _§_, 522-542. 

Carter, D. E. Acquisition of a conditional discrimination: A com
parison of matching-to-sample and symbolic matching (Doctoral 
dissertation, Columbia University, 1971). Dissertation Abstracts 
International, 1972, 32, 3658B. (University Microfilms No. 72-
1283). -

Carter, D. E., & Eckerman, D. A. Symbolic matching by pigeons: Rate 
of learning complex discriminations predicted from simple dis
criminations. Science, 1975, 187, 662-664. 

Carter, D. E., & Werner, T. J. Complex learning and information pro
cessing by pigeons: A critical analysis. Journal of the Experi
mental Analysis of Behavior, 1978, ~. 565-601. 

Cumming, W. W., & Berryman, R. The complex discriminated 
Studies of matching-to-sample and related problems. 
Mostofsky (Ed.), Stimulus generalization. Stanford: 
University Press, 1965. 

operant: 
In D. I. 
Stanford 

Cumming, W. l~., Berryman, R. , & Cohen, L. R. Acquisition and trans
fer of zero-delay matching. Psychological Reports, 1965, lZ., 
435-445. 



86 

Dixon, L. S. The nature of control by spoken words over visual stimu
lus selection. Journal of the Experimental Analysis of Behavior, 
1977, '!]_, 433-442. 

Dixon, M. H. Teaching conceptual classes with receptive label training. 
Acta Symbolica, 1978, 17-35. 

Dixon, M. H., & Dixon, L. S. The nature of standard control in chil
dren's matching-to-sample. Journal of the Experimental Analysis 
of Behavior, 1978, 30, 205-212. 

Dixon, M. H., & Spradlin, J. Establishing stimulus equivalences among 
retarded adolescents. Journal of Experimental Child Psychology, 
1976, £1, 144-164. 

Ebbinghaus, H. Memory: A contribution to experimental psychology. 
Trans. by H. A. Ruger & C. E. Bussenius, New York: Teachers 
College, Columbia University, Bureau of Publications, 1913. 

Farthing, G. W., & Opuda, M. J. Transfer of matching-to-samole in 
pigeons. Journal of the Experimental Analysis of Behavior, 1974, 
£1, 199-213. 

Gibson, E., Gibson, J . , Pic k, A. D., & Osser, H. A developmental study 
of the discrimination of letter-like forms. Journal of Compara
tive and Physiological Psychology, 1962, ~, 897-906. 

Goldiamond, I. Perception. In A. J . Bachrach (Ed. ) , Experimental 
foundations of clinical psychology. New York: Basic Books, 1962. 

Goldiamond, I., & Dyrud, J.E. Some applications and implications of 
behavior analysis for psychotherapy. In J.M. Schlien (Ed.), Re
search in psychotherapy (Vol. 3). Washington, D. C. : American 
Psychological Association, 1968. 

Gray, L. Backward associations in pigeons. Psychonomic Science, 1966, 
i, 333-334. 

Guess, D., & Baer, D. M. An analysis of individual differences in 
generalization between receptive and productive language in re
tarded children. Journal of Applied Behavior Analysis, 1973, _§_, 
311-331. 

Hogan, D. E., & Zentall, T. R. Backward associations in the pigeon. 
American Journal of Psychology, 1977, 90, 3-15. 

Holmes, P. W. Transfer of matching performance in pigeons. Journal 
of the Experimental Analysis of Behavior, 1979, ll_, 103- 114. 



87 

Hull, C. L. The problem of stimulus equivalence in behavior theory. 
Psychological Review, 1939, 46, 9-30. 

Jenkins, J. J. Mediated associations: Paradigms and situations. In 
C. N. Cofer & B. S. Musgrave (Eds.), Verbal behavior and verbal 
learning. New York: McGraw-Hill, 1963. 

Jenkins, J. J., & Palermo, D. S. Mediation processes and the acqui
sition of linguistic structure. Monographs of the Society for 
Research in Child Development. J.964, ~' 141-175. 

Keller, F. S., & Schoenfeld, W. N. Principles of psychology. New 
York: Appleton-Century-Crofts, 1950. 

Lashley, K. S. Conditional reactions in the rat. Journal of Psychol
Q.9.l., 1938, _§__, 311-324. 

Lawrence, D. H. The nature of a stimulus: Some relationships between 
learning and perception. In S. Koch (Ed.), Psychology: A study 
of a science (Vol. 5). New York: McGraw-Hill, 1963. 

Lazar, R. Extending sequence-class membership with matching to sample. 
Jou ma 1 of the Experirnenta 1 Analysis of Behavior, 1977, 27, 381-
392. 

Levin, G. R., & Maurer, D. M. The solution process in children's mat
ching-to-sample. Developmental Psychology, 1969, l, 679-690. 

Mackintosh, N. J. The psychology of animal learning. New York: Aca
demic Press, 1974. 

Premack, D. Intellioence in ape and man. Hillsdale, N. J.: Lawrence 
Erlbaum Associates, 1976. 

Premack, D. On the abstractness of human concepts: Why it would be 
difficult to talk to a pigeon. In S. H. Hulse, H. Fowler, & 
W. K. Honig (Eds.), Cognitive processes in animal behavior~ 
Hillsdale, N. J.: Lawrence Erlbaum Associates, 1978. 

Rodewald, H. K. Symbolic matching-to-sample by pigeons. Psychologi
cal Reports, 1974, 34, 987-990. 

Saunders, R. R. An assessment of several variables involved in the 
maintenance of generalized matching behavior (Doctoral disser
tation, University of Kansas, 1973). Dissertation Abstracts 
International, 1975, 35, 46338-4634B. (University Microfilms 
No. 75-6247) -



Schoenfeld, W. N., & Cumming, W. W. Behavior and perception. 
Koch (Ed.), Psychology: A study of a science (Vol. 5). 
York: McGraw-Hill, 1963. 

88 

In S. 
New 

Scott, K. G. A comparison of similarity and oddity. Journal of Ex
perimental Child Psychology, 1964, l, 123-134. 

Sherman, J. A., Saunders, R. R., & Brigham, T. A. Transfer of matching 
and mismatching behavior in preschool children. Journal of Ex
perimental Child Psychology, 1970, ~, 489-498. 

Sidman, M. Reading and auditory-visual equivalences. Journal of 
Speech and Hearing Research, 1971, .li, 5-13. 

Sidman, M., & Cresson, 0., Jr. Reading and crossmodal transfer of 
stimulus equivalences in severe retardation. American Journal of 
Mental Deficiency, 1973, ]]_, 515-523. 

Sidman, M., Cresson, 0., Jr., & ~Jillson-Morris, M. Acquisition of 
matching-to-sample via mediated transfer. Journal of the Experi
mental Analysis of Behavior, 1974, _g_g_, 261-273. 

Sidman, M. Remarks. Behaviorism, 1979, _§_, 265-268. 

Speidel, G. E. Forward and backward associations in learning letter 
sounds. Psychological Reports, 1978, Q, 159-164. 

Spradlin, J. E., Cotter, V. 
discrimination without 
retarded adolescents. 
1973, 77, 556-566. 

W., & Baxley, N. Establishing a conditional 
direct training: A study of transfer with 
American Journal of Mental Deficiency, 

Spradlin, J. E., & Dixon, M. H. Establishing conditional discriminations 
without direct training: Stimulus classes and labels. American 
Journal. of Mental Deficiency, 1976, 80, 555-561. 

Urcuioli, P. J. Transfer of oddity-from-sample performance in pigeons. 
Journal of the Exper imental Analysis of Behavior, 1977, Q, 195-202. 

Urcuioli, P. J., & Nevin, J. A. Transfer of hue matching in pigeons. 
Journal of the Experimental Analysis of Behavior, 1975, 24, 149-155. 

Vellutino, F. R., Harding, C. J., Phillips, F., & Steger, J. A. Dif
ferential transfer in poor and normal readers. The Journal of 
Genetic Psychology, 1975, 126, 3-18. 

Vincent-Smith, L., Bricker, D., & Bricker,~- Acquisition of receptive 
vocabulary in the toddler-age child. Child Development, 1974, 45, 
189-193. 



89 

Wetherby, B. Miniature language and the functional analysis of verbal 
behavior. In R. L. Schiefelbusch (Ed.), Bases of language inter
vention. Baltimore: University Park Press, 1978. 

Zentall, T. R., & Hogan, D. E. Abstract concept learning in the pigeon. 
Journal of Experimental Psychology, 1974, 102, 393-398. 



90 

APPENDICIES 



91 

Appendix A 

Request for Participation and Consent Agreement 

Dear (Parent or Guardian): 

This letter is to request permission for (Name of Resident) to par
ticipate in a study of matching skills. The matching problems used 
in our study are similar to those a student faces when learning lan
guage concepts. The student is shown a "sample" picture and asked 
to choose one of two "choice" pictures that goes with the sample. 
Once the student learns to reliably choose the correct picture, we 
present a series of related picture-matching problems. We are in
terested in determining if the student can learn that the two pic
tures go together in a variety of contexts. We would also like to 
determine the types of learning experiences required to teach these 
conceptual skills. 

The matching problems are presented automaticall y by a programming 
machine. Thi s machine is located in a separate room near the stu
dent's work area. The student sits in a chair and faces a Ple xiglas 
panel where the pictures are displayed. When the student touches 
the correct choice picture, a chime sounds and a token is delivered. 
The tokens can be traded for pennies after the session . Incorrect 
choices are followed by a brief sound of a buzzer. 

Students who participate in this study will not be subjected to any 
discomforts or physical or psychological risks . They may benefit 
by learning some new matching skills. (Name of Resident) is free 
to withdraw from the study at any time or you may withdraw your child 
at any time. We will also be happy to answer any inquiries concerning 
the project. 

The principal investigator in this study is Dr. Joseph Spradlin, Pro
fessor of Human Development, University of Kansas. Participants are 
seen by Robert Stromer at the Research Center, Parsons State Hospital 
and Training Center. 

The attached Consent Agreement is for your signature and may be re
turned in the enclosed sel f -addressed envelope. An extra copy of 
this letter is provided for your records . If (Name of Resident ) does 
participate i n this project, we hope we will have the opportunity to 



meet with you and discuss your child's performance. 

Thank you for your cooperation and consideration. 

Sincerely, 

Robert Stromer, M.S. 
Junior Scientist 

- Consent Agreement -

I give my permission for (Name of Resident) to participate in the 
research project on matching-to-sample. I have been informed of 
the procedures involved and have been told that there are no an
ticipated risks or discomforts for my child. 

Parent/Guardian Date 

92 
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Appendix B 

Table 1 

Description of conditions and test results for subjects of Experiment 
1. Samples are denoted outside the parentheses, the comparisons with
in. The asterisk signifies a reinforced comparison. Percentages in 
parentheses represent performance during trained trials, other per
centages reflect comparison selection during test trials. 

Session# Subject ED 

1-5 Train A-B Matching (Set Ia Stimuli): 
Al(B2, Bl*) A2(Bl, B2*) 

Test for Eguivalence 

6 Test 1: Bl(A2, Al) B2(Al, A2) 
(100) 0 100 0 100 

Series I 

7 Test 2: Al(Nl, Bl) A2(N2, B2) 
( 99) 0 100 0 100 

8 Test 3: Al(Nl, N2) A2(Nl, N2) 
(99) 100 0 0 100 

9 Test 2: Al(Nl, Bl) A2(N2, B2) 
(100) 0 100 0 100 

10 Test 3: Al(Nl, N2) A2 ( Nl, N2) 
( 100) 100 0 0 100 

Series II 

11 Test 4: Al(B2, N3) A2(Bl, N4) 
( 100) 33 67 0 100 

12 Test 5: ,L\l(N3, N4) A2(N3, N4) 
(99) 100 0 17 83 

13 Test 4: Al(B2, N4) Jl.2(81, N3) 
(99) 0 100 0 100 
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Table 1 (Continued) 

14 Test 5: Al(N3, N4) A2(N3, N4) 
(100) 100 0 0 100 

Test for Eguivalence 

15 Test 1: BJ.(A2, Al) B2(Al, A2) 
( 100) 0 100 0 100 

Seri es II I 

16 Test 7: Bl(N5, N6) 82(N5, N6) 
(99) 0 100 83 17 

17 Test 6: Bl(N6, Al) B2(N5, A2) 
(99) 0 100 0 100 

18 Test 7: Bl(N5, N6) B2(N5, N6) 
( 99) 67 33 100 0 

19 Test 6: Bl(N6, Al) B2(N5, A2) 
(99) 0 100 0 100 

Series IV 

20 Test 9: Bl(N7, N8) B2(N7, N8) 
(99) 50 50 67 33 

21 Test 8: B 1 (A2, N?) B2(t'l.l, N8) 
(100) 0 100 17 83 

22 Test 9: B1(N7, N8) B2(N7, NS) 
(100) 50 50 50 50 

23 Test 8: B 1 ( A2, NS) B2(Al, N?) 
(100) 17 83 33 67 

24-27 Train A-B Matching (Set IIa S ti mu 1 i ) : 
Al(B2, Bl*) A2(Bl, B2*) 

Test for Eguivalence 

28 Test 1: Bl(A2, Al) B2(Al, A2) 
( 97) 0 100 0 100 
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Table 1 (Continued) 

Series IV 

29 Test 8: B 1 (A2, N7) B2(Al, NS) 
(100) 0 100 0 100 

30 Test 9: B 1 ( N7, N8) B2(N7, NS) 
( 100) 67 33 17 83 

31 Test 8: Bl(A2, NS) B2(Al, N7) 
(100) 0 100 0 100 

32 Test 9: B 1 ( N7 , NS) B2(N7, NS) 
(99) 0 100 100 0 

Series I 

33 Test 3: Al(Nl, N2) A2(Nl, N2) 
(100) 67 33 50 50 

34 Test 2: Al(Nl, Bl) A2(N2, 82) 
( 97) 0 100 0 100 

35 Test 3: Al(Nl, NZ) A2(Nl, NZ) 
( 100) 0 100 50 50 

36 Test 2: Al(N2, Bl) A2(N1, 82) 
(99) 0 100 0 100 

Test for Eguivalence 

37 Test 1: Bl(A2, Al) B2(Al, A2) 
(100) 0 100 0 100 

Series II 

38 Test 5: .l\l(N3, N4) A2(N3, N4) 
(97) 17 83 0 100 

39 Test 4: Al(B2, N3) A2(Bl, N3) 
(99) 0 100 0 100 

40 Test 5: Al(N3, N4) A2(N3, N4) 
( 100) 50 50 100 0 
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Table 1 (Continued) 

41 Test 4: Al(B2, N3) A2(Bl, N4) 
(97) 0 100 0 100 

Series III 

42 Test 6: Bl(N5, Al) B2(N6, A2) 
(100) 0 100 0 100 

43 Test 7: Bl(N5, N6) B2(N5, N6) 
(99) 100 0 17 83 

44 Test 6: Bl(N5, Al) B2(N6, A2) 
(100) 17 83 0 100 

45 Test 7: Bl(N5, N6) B2(N5, N6) 
(97) 67 33 83 17 

Session# Subject OW 

1-4 Train A-B Matching (Set Ib Stimuli): 
Al(B2, Bl*) A2(Bl, B2*) 

Test for Equivalence 

5 Test 1: Bl(A2, Al) B2(Al, A2) 
(99) 0 100 0 100 

Series II 

6 Test 5: Al(N3, N4) A2(N3, N4) 
(100) 17 83 67 33 

7 Test 4: Al(B2, N3) A2(Bl, N4) 
(99) 0 100 0 100 

8 Test 5: Al(N3, N4) A2(N3, N4) 
(100) 100 0 0 100 

9 Test 4: Al(B2, N4) A2(Bl, N3) 
(99) 0 100 0 100 
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Table 1 (Continued) 

Seri es II I 

10 Test 6: Bl(N5, Al) B2(N6, A2) 
( 97) 0 100 0 100 

11 Test 7: Bl(N5, N6) B2(N5, N6) 
( 97) 50 50 83 17 

12 Test 6: Bl(N6, Al) B2(N5, A2) 
(99) 0 100 0 100 

13 Test 7: Bl(N5, N6) B2(N5, N6) 
( 97) 67 33 67 33 

Test for Eguivalence 

14 Test 1: Bl(A2, Al) B2(Al, A2) 
(97) 0 100 17 83 

Series IV 

15 Test 8: Bl(A2, N7) B2(Al, NS) 
(99) 0 100 0 100 

16 Test 9: Bl(N7, NS) B2(N7, NS) 
(100) 67 33 67 33 

17 Test 8: Bl(A2, NS) B2(Al, N7) 
(99) 0 100 0 100 

18 Test 9: Bl(N7, N8) B2(N7, NS) 
(100) 33 67 33 67 

Series I 

19 Test 3: Al(Nl, N2) A2 (Nl, N2) 
( 100) 83 17 0 100 

20 Test 2: Al(Nl, Bl) A2(N2, 82) 
(99) 0 100 0 100 

21 Test 3: Al(Nl, N2) A2(Nl, N2) 
( 97) 0 100 83 17 

22 Test 2: Al(N2, Bl) A2 (Nl, B2) 
(100) 0 100 0 100 
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Table 1 (Continued) 

23-26 Train A-B Matching (Set IIb Stimuli): 
,L\l(B2, Al*) A2(Bl, B2* ) 

Test for Eguivalence 

27 Test 1: B 1 ( A2, Al) B2(Al, A2) 
( 100) 0 100 0 100 

Series III 

28 Test 7: Bl(N5, N6) B2(N5, N6) 
( 100) 100 0 0 100 

29 Test 6: Rl(N5, Al) B2(N6, A2) 
(100) 0 100 0 100 

30 Test 7: Bl(N5, N6) B2(N5, N6) 
( 100) 50 50 67 33 

31 Test 6: Bl(N6, Al) B2(N5, A2) 
(96) 0 100 0 100 

Seri es IV 

32 Test 9: Bl(N7, NS) B2(N7, NS) 
(97) 100 0 0 100 

33 Test 8: B 1 ( A2, NS) B2(Al, N7) 
(99) 0 100 0 100 

34 Test 9: Bl(N7, NS) B2(N7, NS) 
(100) 0 100 100 0 

35 Test 8: Bl(A2, N7) B2(Al, NS) 
( 100 0 100 0 100 

Test for Eguivalence 

36 Test 1: Bl(A2, Al) B2(Al, A2) 
( 98) 0 100 0 100 

Series I 

37 Test 2: Al(Nl, Bl) A2(N2, B2) 
( 100) 17 83 0 100 
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Table 1 (Continued) 

38 Test 3: Al(Nl, N2) A2(Nl, N2) 
(100) 50 50 50 50 

39 Test 2: Al(N2, Bl) A2(Nl, B2) 
(100) 0 100 0 100 

40 Test 3: Al(Nl, N2) A2(Nl, N2) 
(99) 67 33 50 50 

Series III 

41 Test 4: Al(B2, N3) A2(Bl, N4) 
(99) 0 100 0 100 

42 Test 5: Al(N3, N4) A2(N3, N4) 
(99) 100 0 0 100 

43 Test 4: Al(B2, N4) A2(Bl, N3) 
(97) 0 100 0 100 

44 Test 5: Al(N3, N4) A2(N3, N4) 
(99) 17 83 83 17 

Session# Subject JT 

1-4 Train A-B Matching (Set Ia Stimuli ): 
Al(B2, Bl*) A2(Bl, B2*) 

Test for Equivalence 

5 Test 1: Bl(A2, Al) B2(Al, A2) 
(100) 0 100 0 100 

Series III 

6 Test 7: Bl(N5, N6) B2(N5, N6) 
(100) 50 50 50 50 

7 Test 6: Bl(N5, Al) B2(N6, A2) 
(100) 0 100 0 100 

8 Test 7: Bl(N5, N6) B2(N5, N6) 
(100) 100 0 0 100 
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Table 1 (Continued) 

9 Test 6: Bl(NS, Al) B2 ( N6, A2) 
(99) 0 100 0 100 

Series IV 

10 Test 9: Bl(N7, N8) B2(N7, N8) 
( 100) 67 33 50 50 

11 Test 8: Bl(A2, N8) B2(Al, N7) 
( 100) 0 100 0 100 

12 Test 9: Bl(N7, N8) B2(N7, N8) 
(100) 50 50 50 50 

13 Test 8: Bl(A2, N7) B2(Al, NB) 
( 99) 0 100 0 100 

Test for Eguivalence 

14 Test 1: B 1 ( A2, A 1) R2(Al, A2) 
( 100) 0 100 0 100 

Seri es I 

15 Test 2: Al(Nl, Bl) l\2(N2, B2) 
( 100) 0 100 0 100 

16 Test 3: Al(Nl, N2) A2(Nl, N2) 
(99) 67 33 33 67 

17 Test 2: Al(Nl, Bl) A2(N2, B2) 
( 100) 0 100 0 100 

18 Test 3: Al(Nl, N2) A.2(Nl, N2) 
( 99) · 100 0 50 50 

Series II 

19 Test 4: Al(B2, N3) A2(Bl, NLl) 
(99) 0 100 0 100 

20 Test 5: Al(N3, N4) .l'.2 ( N3 , N4) 
( 100) 17 83 17 83 

21 Test 4: Al(B2, N4) A2(B1, N3) 
( 96) 0 100 0 100 
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Table 1 (Continued) 
, 

22 Test 5: Al(N3, N4) A2(N3, N4) 
(100) 0 100 100 0 

23-26 Train A-8 Matching (Set IIa Stimuli): 
Al(B2, Bl*) A2(81, 82*) 

Test for Eguivalence 

27 Test 1: Bl(A2, Al) 82 (Al, A2) 
( 100) 0 100 0 100 

Series II 

28 Test 5: A 1 ( N3, N4) A2(N3, N4) 
(99) 100 0 33 67 

29 Test 4: Al(B2, N4) A2(Bl, N3) 
(99) 0 100 0 100 

30 Test 5: Al(N3, N4) A2(N3, N4) 
(100) 83 17 50 50 

31 Test 4: Al(B2, N4) A2(Bl, N3) 
(99) 0 100 0 100 

Seri es I I I 

32 Test 6: Bl(N5, Al) B2(N6, A2) 
(100) 0 100 0 100 

33 Test 7: Bl(N5, N6) 82(N5, N6) 
(99) 0 100 83 17 

34 Test 6: Bl(N6, Al) B 2 ( N 5, /1.2) 
( 97) 0 100 0 100 

35 Test 7: Bl(N5, N6) B2(N5, N6) 
(100) 0 100 100 0 

Test for Equivalence 

36 Test 1: B 1 ( A2, Al) B2(Al, A2) 
(100) 0 100 0 100 
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Table 1 (Continued) 

Series IV 

37 Test 8: Bl(A2, N7) B2(Al, N8) 
(100) 0 100 0 100 

38 Test 9: Bl(N7, N8) B2(N7, N8) 
(100) 83 17 33 67 

39 Test 8: Bl(A2, N8) B2(Al, N7) 
(iOO) 0 100 0 100 

40 Test 9: Bl(N7, NS) B2(N7, N8) 
(99) 100 0 33 67 

Series I 

41 Test 3: Al(Nl, N2) A2(Nl, N2) 
(98) 17 83 67 33 

42 Test 2: Al(N2, Bl) A2(Nl, B2) 
(99) 0 100 0 100 

43 Test 3: Al(Nl, N2) A2(Nl, N2) 
(100) 0 100 83 17 

44 Test 2: Al(N2, Bl) A2(Nl, B2) 
(100) 0 100 0 100 

Session# Subject JL 

1-5 Train A-B Matching (Set Ib Stimuli): 
Al(B2, Bl*) A2(B1, B2*) 

Test for Equivalence 

6 Test 1: Bl(A2, Al) B2(Al, A2) 
(100) 0 100 0 100 

Serie s IV 

7 Test 8: Bl(A2, N7) B2(Al, NS) 
(100) 0 100 0 100 
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Table 1 (Continued) 

8 Test 9: Bl(N7, NB) B2(N7, NB) 
(100) 50 50 33 67 

9 Test 8: B 1 ( A2, NB) B2(Al, N7) 
(100) 0 100 0 100 

10 Test 9: B 1 ( N7, NB) B2(N7, NB) 
(99) 33 67 67 33 

Seri es I 

11 Test 3: Al(Nl, N2) A2(Nl, N2) 
( 100) 0 100 100 0 

12 Test 2: Al(N2, Bl) A2(Nl, B2) 
(99) 0 100 0 100 

13 Test 3: Al(Nl, N2) A2(Nl, N2) 
(99) 50 50 67 33 

14 Test 2: Al(N2, Bl) A2(Nl, B2) 
( 97) 0 100 0 100 

Test for Equivalence 

15 Test 1: Bl(A2, Al) B2(Al, A2) 
(100) 0 100 0 100 

Seri es II 

16 Test 5: A 1 ( N3, N4) A2(N3, N4) 
( 100) 100 0 0 100 

17 Test 4: Al(B2, N4) A2(81, N3) 
(99) 17 83 17 83 

18 Test 5: Al(N3, N4) A2(N3, N4) 
( 100) 33 67 50 50 

19 Test 4: Al(B2, N3) A2 ( Bl, N4) 
( 100) 0 100 0 100 

Seri es II I 

20 Test 6: Bl(N5, Al) B2(N6, A.2) 
(100) 0 100 0 100 
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Table 1 (Continued) 

21 Test 7: Bl(N5, N6) B2(N5, N6) 
(100) 50 50 100 0 

22 Test 6: Bl(N6, Al) B2(N5, A2) 
(99) 0 100 0 100 

23 Test 7: Bl(N5, N6) B2(N5, N6) 
(100) 33 67 50 50 

24-27 Train A-B Matching (Set IIb Stimuli): 
Al ( B2, Bl*) A2(B1, B2*) 

Test for Equivalence 

28 Test 1: Bl(A2, A2) B2(Al, A2) 
(100) 0 100 0 100 

Series I 

29 Test 2: Al(Nl, Bl) A2(N2, 82) 
(100) 0 100 0 100 

30 Test 3: Al(Nl, N2) A2(Nl, N2) 
(100) 33 67 50 50 

31 Test 2: Al(N2, B 1) A2(Nl, B2) 
( 97) 0 100 0 100 

32 Test 3: Al(Nl, N2) A2(Nl, N2) 
(99) 50 50 50 50 

Series II 

33 Test 4: A1(B2, N3) A2(Bl, N4) 
( 100) 0 100 0 100 

34 Test 5: A 1 ( N3, N4) A2(N3, N4) 
( 100) 50 50 17 83 

35 Test 4: Al(B2, N4) A2(Bl, N3) 
( 100) 0 100 0 100 

36 Test 5: Al(N3, N4) A2(N3, N4) 
( 100) 50 50 50 50 
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Table 1 (Continued) 

Test for Eguivalence 

37 Test 1: Bl(A2, Al) B2(Al, A2) 
( 100) 17 83 0 100 

Series III 

38 Test 7: Bl(N5, N6) B2 (NS, N6) 
(100) 50 50 100 0 

39 Test 6: Bl(N6, Al) B2(N5, A2) 
( 100) 0 100 0 100 

40 Test 7: Bl(N5, N6) B2(N5, N6) 
( 100) 83 17 17 83 

41 Test 6: Bl(N5, Al) B2(N6, A2) 
(99) 0 100 0 100 

Series IV 

42 Test 9: B 1 ( N7, NS) B2(N7, NS) 
(100) 50 50 33 67 

43 Test 8: B 1 (A2, N8) B2(Al, N7) 
(100) 0 J.00 0 100 

44 Test 9: Bl(N7, N8) B2(N7, NS) 
(99) 33 67 50 50 

45 Test 8: Bl(A2, N7) B2 (Al, NB) 
( 100) 0 100 0 100 
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Appendix C 

Table 2 

Description of conditions and test results for Grouo 1 subjects 
(Stimulus Equivalence) of Experiment 2. See Appendix B for details. 

Session# Subject MP 

1-9 Train A-B, C-B Matching (Set IIIa Stimuli): 
Al(B2, Bl*) A2 ( B 1, B2·k) Cl(B2, Bl*) C2(Bl, B2*) 

Tests for Eguivalence 

10 Test 1: Bl(A2, Al) B2(Al, A2) Bl(C2, Cl) B2(Cl, C2) 
( 100) 0 100 17 83 17 83 0 100 

11 Test 2: Al(C2, Cl) A2(Cl, C2) Cl(A2, Al) C2(Al, A2) 
(99) 33 67 50 50 67 33 67 33 

Series I 

12 Test 3: Al(Nl, Cl) A2(N2, C2) Cl(Nl, Al) C2(N2, A2) 
(100) 50 50 50 50 67 33 50 50 

13 Test 4: Al(Nl, N2) A2 ( Nl, N2) Cl(Nl, N2) C2(Nl, N2) 
(100) 50 50 50 50 50 50 50 50 

14 Test 3: Al(N2, Cl) A2(Nl, C2) Cl(N2, Al) C2(Nl, A2) 
(99) 50 50 50 50 33 67 50 50 

15 Test 4: Al(Nl, N2) A2(Nl, N2) Cl(Nl, N2) C2(Nl, N2) 
(98) 67 33 50 50 50 50 50 50 

Tests for Eguivalence 

16 Test 2: Al(C2, Cl) A2(Cl, C2) Cl(A2, Al) c2un, A2) 
(99) 50 50 50 50 50 50 50 50 

17 Test 1: B 1 ( A2, A 1) B2(Al, A2) Bl(C2, Cl) B2(Cl, C2) 
(99) 50 50 50 50 50 50 50 50 

Series II 

18 Test 6: Al(N3, N4) A2 ( N3, N4) Cl(N3, N4) C2(N3, N4) 
(100) 83 17 83 17 83 17 50 50 
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Table 2 (Continued) 

19 Test 5: Al(C2, N4) A2 (Cl, N3) Cl(A2, N4) C2(Al, N3) 
(99) 50 50 17 83 50 50 33 67 

20 Test 6: A 1 ( N3, N4) A2(N3, N4) Cl(N3, N4) C2 ( N3, N4) 
(99) 100 0 100 0 100 0 83 17 

21 Test 5: Al(C2, N4) A2(Cl, N3) Cl(A2, N4) C2(Al, N3) 
(97) 50 50 17 83 50 50 17 83 

22-28 Train A-B, C-B Matching (Set IVa Stimuli): 
Al(B2, Bl*) A2(Cl, C2*) Cl(A2, Al*) C2(Al, A2*) 

Series II 

29 Test 5: Al(C2, N3) A2(Cl, N4) Cl(A2, N3) C2(Al, N4) 
(99) 0 100 67 33 0 100 50 50 

30 Test 6: Al(N3, N4) A2(N3, N4) Cl(N3, N4) C2 ( N3, N4) 
(100) 50 50 83 17 50 50 67 33 

31 Test 5: Al(C2, N3) A2(Cl, N4) Cl (A2, N3) C2(Al, N4) 
(100) 50 50 50 50 50 50 50 50 

32 Test 6: Al(N3, N4) A2(N3, N4) Cl(N3, N4) C2 ( N3, N4) 
(100) 50 50 50 50 50 50 50 50 

Tests for Eguivalence 

33 Test 2: Al(C2, Cl) A2(Cl, C2) Cl(A2, Al) C2(Al, A2) 
(100) 33 67 33 67 83 17 50 50 

34 Test 1: Bl(A2, Al) B2(Al, A2) Bl(C2, Cl) B2(Cl, C2) 
( 100 ), 50 50 50 50 50 50 50 50 

Series I 

35 Test 4: Al(Nl, N2) A2(Nl, N2) Cl(Nl, N2) C2(Nl, N2) 
( 100) 50 50 50 50 50 50 50 50 

36 Test 3: Al (Nl, Cl) A2(N2, C2) Cl(Nl, Al) C2(N2, A2) 
(99) 50 50 50 50 50 50 50 50 

37 Test 4: Al(Nl, N2) A2(Nl, N2) Cl(Nl, N2) C2(Nl, N2) 
( 100) 50 50 50 50 50 50 50 50 
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Table 2 (Continued) 

38 Test 3: A1(N2, Cl) A2(Nl, C2) Cl(N2, Al) C2(Nl, A2) 
(loo) 50 50 50 50 50 50 50 50 

Tests for Eguivalence 

39 Test 1: Bl(A2, Al) B2(Al, A2) Bl(C2, Cl) B2(Cl, C2) 
(99) 50 50 50 50 50 50 50 50 

40 Test 2: Al(C2, Cl) A2(Cl, C2) C 1 ( A2, Al) C2(Al, A2) 
(100) 50 50 50 50 50 50 50 50 

Session # Subject JK 

1-6 Train A-B, C-B Matching (Set IIIb Stimuli): 
Al(B2, Bl*) A2(Bl, B2*) C 1( B2, B 1 *) C2( Bl, B2*) 

Series I 

7 Test 4: Al(Nl, N2) A2 ( Nl, N2) Cl(Nl, N2) C2(Nl, N2) 
(99) 0 100 100 0 0 100 83 17 

8 Test 3: A 1 ( N2, C 1) A2(Nl, C2) Cl(N2, Al) C2(Nl, A2) 
(99) 0 100 0 100 0 100 0 100 

9 Test 4: Al(Nl, N2) A2(Nl, N2) Cl(Nl, N2) C2(Nl, N2) 
(98) 17 83 100 0 17 83 100 0 

10 Test 3: Al(N2, Cl) A2(Nl, C2) Cl(N2, Al) C2(Nl, A2) 
(100) 0 100 0 100 0 100 0 100 

Tests for Eguivalence 

11 Test 2: Al(C2, Cl) A2(Cl, C2) Cl(A2, Al) C2(Al, A2) 
(99) 0 100 0 100 0 100 0 100 

12 Test 1: B 1 ( A2, A 1) B2(Al, A2) Bl(C2, Cl) B2(Cl, C2) 
(99) 0 100 0 100 17 83 0 100 

Series II 

13 Test 5: A1C2, N3) A2(Cl, N4) Cl (A2, N3) C2(Al, N4) 
(98 ) 0 100 0 100 0 100 0 100 
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Table 2 (Continued) 

14 Test 6: Al(N3, N4) A2(N3, N4) Cl(N3, N4) C2(N3, N4) 
(99) 100 0 0 100 100 0 17 83 

15 Test 5: Al(C2, N4) A2(Cl, N3) Cl(A2, N4) C2(Al, N3) 
( 97) 0 100 0 100 0 100 0 100 

16 Test 6: Al(N3, N4) A2(N3, N4) Cl(N3, N4) C2(N3, N4) 
( 97) 17 83 83 17 0 100 100 0 

Tests for Eguivalence 

17 Test 1: Bl(A2, Al) B2(Al, A2) Bl(C2, Cl) B2(Cl, C2) 
(97) 0 100 0 100 0 100 0 100 

18 Test 2: Al(C2, Cl) A2(Cl, C2) Cl(A2, Al) C2(Al, A2) 
(99) 0 100 17 83 0 100 0 100 

19-26 Train A-B, C-B Matching (Set IVb Stimuli): 
Al(B2, Bl*) A2(Bl, B2*) Cl(B2, Bl*) C2(Bl, B2*) 

Tests for Equivalence 

27 Test 1: Bl(A2, Al) B2(Al, A2) Bl(C2, Cl) B2(Cl, C2) 
(97) 0 100 0 100 0 100 17 83 

28 Test 2: A 1 ( C2, Cl) A2(Cl, C2) Cl(A2, Al) C2(Al, A2) 
( 97) 0 100 0 100 17 83 0 100 

Series II 

29 Test 6: A 1 ( N3, N4) P.2(N3, N4) Cl(N3, N4) C2(N3, N4) 
( 99) 100 0 0 100 100 0 0 100 

30 Test 5: A 1 ( C2, N4) A2(Cl, N3) Cl (A2, N4) C2(Al, N3) 
(99) 0 100 0 100 0 100 0 100 

31 Test 6: Al(N3, N4) A2(N3, N4) Cl(N3, N4) C2(N3, N4) 
(99) 0 100 100 0 0 100 100 0 

32 Test 5: Al(C2, N3) A2(Cl, N4) Cl (A2, N3) C2(Al, N4) 
(99) 0 100 0 100 0 100 0 100 

Tests for Equivalence 

33 Test 2: Al(C2, Cl) A2 (Cl, C2) C 1 (A2, Al) C2(faJ, A2) 
(99) 0 100 0 100 0 100 0 100 
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Table 2 (Continued) 

34 Test 1: Bl(A.2, Al) B2(Al, A2) Bl(C2, Cl) B2(Cl, C2) 
(100) 0 100 0 100 0 100 0 100 

Series I 

35 Test 3: Al(Nl, Cl) A2 ( N2, C2) Cl(Nl, Al) C2(N2, A2) 
(99) 0 100 0 100 0 100 0 100 -

36 Test 4: Al(Nl, N2) Al(Nl, N2) Cl(Nl, N2) C2(Nl, N2) 
(99) 100 0 0 100 100 0 0 100 

37 Test 3: Al(Nl, Cl) A2(N2, C2) Cl(Nl, Al) C2(N2, A2) 
(99) 0 100 0 100 0 100 0 100 

38 Test 4: Al(Nl, N2) A2(Nl, N2) Cl(Nl, N2) C2 ( Nl, N2) 
(99) 0 100 67 33 0 100 83 17 

Session# Subject JL 

1-8 Train A-B, C-B Matching (Set IIIa Stimuli): 
Al(B2, Bl*) A2(B1, B2*) Cl(B2, Bl*) Cl(Bl, B2*) 

Tests for Eguivalence 

9 Test 2: Al(C2, Cl) A2 ( Cl, C2) Cl(A2, Al) C2(Al, A2) 
(100) 0 100 0 100 0 100 0 100 

10 Test 1: Bl(A2, Al) B2(Al, A2) Bl(C2, Cl) B2(Cl, C2) 
( 100) 0 100 0 100 0 100 0 100 

Series II 

11 Test 5: A 1 ( C2, N3) A2(Cl, N4) Cl(A2, N3) C2(Al, N4) 
(100) 0 100 0 100 0 100 0 100 

12 Test 6: Al(N3, N4) A2(N3, N4) Cl(N3, N4) C2(N3, N4) 
(98) 83 17 17 83 67 33 83 17 

13 Test 5: Al(C2, N4) A2(Cl, N3) Cl(A2, N4) C2(Al, N3) 
( 100) 0 100 0 100 0 100 0 100 

14 Test 6: Al(N3, N4) A2(N3, N4) Cl ( N3, N4) C2(N3, N4) 
(99) 67 33 50 50 R3 17 33 67 
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Table 2 (Continued) 

Tests for Equivalence 

15 Test 1: B 1 ( A2, A 1) B2(Al, A2) Bl(C2, Cl) B2(Cl, C2) 
(99) 0 100 0 100 0 100 0 100 

16 Test 2: Al(C2, Cl) A2(Cl, C2) C 1 (A2, A 1) C2(Al, A2) 
(99) 0 100 0 100 0 100 0 100 

Series I 

17 Test 4: Al(Nl, N2) A2(Nl, N2) Cl(Nl, N2) C2(Nl, N2) 
( 100) 17 83 67 33 50 50 67 33 

18 Test 3: Al(N2, Cl) A2(Nl, C2) Cl(N2, Al) C2(Nl, A2) 
(100) 0 100 0 100 0 100 0 100 

19 Test 4: Al (Nl, N2) A2(Nl, N2) Cl(Nl, N2) C2(Nl, N2) 
(99) 83 17 50 50 17 83 50 50 

20 Test 3: Al(Nl, Cl) A2(N2, C2) Cl(Nl, Al) C2(N2, A.2) 
(99) 0 100 0 100 0 100 0 100 

21-26 Train A-B, C-B Matching (Set IVa Stimuli): 
Al(B2, Bl*) A2(Bl, B2*) Cl(B2, Bl*) C2(Bl, B2*) 

Series I 

27 Test 3: Al (Nl, Cl) A2(N2, C2) Cl(Nl, Al) C2(N2, A2) 
(99) 0 100 0 100 0 100 0 100 

28 Test 4: Al(Nl, N2) A2(Nl, N2) Cl(Nl, N2) C2(Nl, N2) 
(99) 50 50 50 50 33 67 67 33 

29 Test 3: Al(N2, Cl) A2 ( Nl, C2) Cl(N2, Al) C2(Nl, A2) 
(99) 0 100 0 100 0 100 0 100 

30 Test 4: /1,l(Nl, N2) A2(Nl, N2) Cl(Nl, N2) C2(Nl, N2) 
(100) 67 33 50 50 33 67 83 17 

Tests for Eguivalence 

31 Test 1: B 1 (A2, Al) B2(Al, A2) Bl(C2, Cl) B2(Cl, C2) 
(98) 0 100 17 83 0 100 0 100 

32 Test 2: Al(C2, Cl) A2(Cl, C2) Cl(A2, Al) C2(Al, A2) 
(99) 17 83 17 83 0 100 0 100 
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Table 2 (Continued) 

Seri es I I 

33 Test 6: Al(N3, N4) A2(N3, N4) C 1 ( N3 , N4) C2 ( N3, N4) 
(99) 67 33 17 83 67 33 33 67 

34 Test 5: Al(C2, N4) A2(Cl, N3) C 1 ( A2, N4) C2(Al, N3) 
(99) 0 100 0 100 0 100 0 100 

35 Test 6: Al(N3, N4) A2 ( N3, N4) C 1 ( ~13 , N4) C2(N3, N4) 
(100) 50 50 33 67 50 50 33 67 

36 Test 5: Al(C2, N4) A2(Cl, N3) Cl (A2, N4) C2(Al, N3) 
( 99) 0 100 0 100 0 100 0 100 

Tests for Eguivalence 

37 Test 2: Al(C2, Cl) A2(Cl, C2) Cl(A2, Al) C2(Al, A2) 
(100) 0 100 0 100 0 100 0 100 

38 Test 1: Bl(A2, Al) B2(Al, A2) Bl(C2, Cl) B2(Cl, C2) 
(99) 0 100 0 100 0 100 0 100 

Session# Subject LE 

1-14 Train A-B, C-B Matching (Set IIIb Stimuli): 
Al(B2, Bl*) A2(Bl, B2*) Cl(B2, Bl*) C2(Bl, B2*) 

Series II 

15 Test 6: Al(N3, N4) A2(N3, N4) Cl(N3, N4) C2(N3, N4) 
(99) 33 67 33 67 100 0 33 67 

16 Test 5: Al(C2, N4) A2(Cl, N3) Cl(A2, N4) C2(Al, N3) 
(100) 0 100 0 100 17 83 0 100 

17 Test 6: Al(N3, N4) A2(N3, N4) Cl(N3, N4) C2(N3, N4) 
(99) 33 67 0 100 83 17 67 33 

18 Test 5: Al(C2, N4) A2 ( Cl, N3) Cl(A2, N4) C2(Al, N3) 
(100) 0 100 0 100 17 83 0 100 
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Table 2 (Continued) 

Tests for Eguivalence 

19 Test 1: Bl ( A2, Al) B2(Al, A2) Bl(C2, Cl) B2(Cl, C2) 
(99) 0 100 0 100 0 100 0 100 

20 Test 2: Al(C2, Cl) A2(Cl, C2) Cl (A2, A 1) C2(Al, A2) 
(99) 17 83 17 83 0 100 33 67 

Series I 

21 Test 3: Al(Nl, Cl) A2(N2, C2) Cl(Nl, Al) C2(N2, A2) 
( 97) 33 67 0 100 17 83 0 100 

22 Test 4: Al(Nl, N2) A2(Nl, N2) Cl(Nl, N2) C2(Nl, N2) 
(99) 17 83 50 50 67 33 50 50 

23 Test 3: Al(N2, Cl) A2(Nl, C2) Cl(N2, Al) C2(Nl, A2) 
(100) 0 100 0 100 0 100 0 100 

24 Test 4: Al(Nl, N2) A2 ( N 1, N2) Cl(Nl, N2) C2 ( N 1, N2) 
(100) 50 50 17 83 33 67 33 67 

Tests for Eguivalence 

25 Test 2: Al(C2, Cl) A2(Cl, C2) Cl(A2, Al) C2(Al, A2) 
(99) 0 100 0 100 0 100 17 83 

26 Test 1: B 1 ( A2, A 1) B2(Al, A2) Bl(C2, Cl) B2(Cl, C2) 
(99) 0 100 0 100 0 100 0 100 

27-35 Train A-B, C-B Matching (Set IVb Stimuli): 
Al(B2, Bl*) A2(Bl, 82*) Cl(B2, Bl*) C2(Bl, 82*) 

Tests for Equivalence 

36 Test 2: Al(C2, Cl) A2(Cl, C2) C 1 (A2, A 1) C2(Al, A2) 
(99) 17 83 0 100 0 100 0 100 

37 Test 1: Bl(A2, Al) 82(Al, A2) Bl(C2, Cl) B2(Cl, C2) 
(100) 0 100 17 83 0 100 0 100 

Series I 

38 Test 4: Al(Nl, N2) A2(Nl, N2) Cl(Nl, N2) C2(Nl, N2) 
(98) 17 83 100 0 50 50 33 67 

39 Test 3: A 1 ( N2, Cl) A2(Nl, C2) Cl(N2, Al) C2 ( N 1, A2) 
(99) 0 100 0 100 0 100 0 100 
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Table 2 (Continued) 

40 Test 4: Al(Nl, N2) A2(Nl, N2) Cl(Nl, N2) C2(Nl, N2) 
( 100) 67 33 67 33 50 50 33 67 

41 Test 3: Al(Nl, Cl) A2(N2, C2) Cl(Nl, Al) C2(N2, A2) 
(97) 0 100 0 100 0 100 0 100 

Tests for Eguivalence 

42 Test 1: B 1 ( A2, A 1) B2(Al, A2) Bl(C2, Cl) B2(Cl, C2) 
(99) 0 100 0 100 0 100 0 100 

43 Test 2: Al(C2, Cl) A2(Cl, C2) Cl(A2, Al) C2(Al, A2) 
(99) 17 83 0 100 0 100 0 100 

Seri es II 

44 Test 5: Al(C2, N3) A2(Cl, N4) Cl(A2, N3) C2(Al, N4) 
(98) 0 100 0 100 0 100 0 100 

45 Test 6: Al(N3, N4) A2(N3, N4) C 1 ( N3, N4) C2 ( N3, N4) 
(100) 67 33 17 83 83 17 50 50 

46 Test 5: Al ( C2, N4) A2 ( Cl, N3) Cl (A2, N4) C2(Al, N3) 
(99) 17 83 0 100 0 100 0 100 

47 Test 6: Al(N3, N4) A2(N3, N4) Cl(N3, N4) C2(N3, N4) 
( 97) 100 0 50 50 67 33 33 67 
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Appendix D 

Table 3 

Description of conditions and test results for Group 2 subjects 
(Resoonse Eauivalence) of Experiment 2. See Appendix B for deta i 1 s. 

Session # Subject JC 

1-7 Train A-B, A-C Matching (Set IIIa Stimuli) : 
Al(B2, Bl*) A2(Bl, 82*) Al(C2, Cl*) A2 ( C 1, C2*) 

Tests for Eguivalence 

8 Test 1: Bl(A2, Al) B2(Al, A2) Cl(A2, Al) C2(Al, A2) 
(100) 0 100 0 100 0 100 0 100 

9 Test 2: Bl(C2, Cl) B2(Cl, C2) Cl(B2, Bl) C2(Bl, B2) 
(100) 0 100 0 100 0 100 0 100 

Series I 

10 Test 3: Bl(Nl, Cl) B2(N2, C2) Cl(Nl, Bl) C2(N2, 82) 
(100) 0 100 0 100 0 100 0 100 

11 Test 4: Bl(Nl, N2) B2(Nl, N2) Cl(Nl, N2) C2(Nl, N2) 
(99) 0 100 100 0 0 100 83 17 

12 Test 3: Bl(N2, Cl) B2(Nl, C2) Cl(N2, Bl) C2(Nl, 82) 
(99) 0 100 0 100 0 100 0 100 

13 Test 3: Bl(Nl, N2) B2(Nl, N2) Cl(Nl, N2) C2(Nl, N2) 
( 100) 0 100 100 0 0 100 100 0 

Tests for Eguivalence 

14 Test 2: Bl(C2, Cl) B2(Cl, C2) Cl (B2, Bl) C2(Bl, 82) 
(98) 0 100 0 100 0 100 0 100 

15 Test 1: Bl(A2, Al) 82(Al, A2) Cl(A2, Al) C2(Al, A2) 
(99) 0 100 0 1()0 0 100 0 100 

Series II 

16 Test 6: Bl(N3, N4) B2 ( N3, N4) Cl (N3, N4) C2(N3, N4) 
(99) 100 0 () 100 83 17 0 100 
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Table 3 (Continued) 

17 Test 5: Bl(C2, N4) B2(Cl, NJ) Cl(B2, N4) C2(Bl, NJ) 
(99) 0 100 0 100 0 100 0 100 

18 Test 6: B 1 (NJ, N4) B2(N3, N4) Cl(N3, N4) C2(N3, N4) 
(99) 67 33 0 100 50 50 0 100 

19 Test 5: B 1 ( C2, N4 B2(Cl, NJ) Cl(B2, N4) C2(B1, NJ) 
(98) 0 100 0 100 0 100 0 100 

20-24 Train A-B, A-C Matching (Set IVa Stimuli): 
Al(B2, Bl*) A2(BL B2*) Al(C2, Cl*) A2(Cl, C2*) 

Seri es II 

25 Test 5: Bl(C2, N3) B2(Cl, N4) Cl(B2, NJ) C2(B1, N4) 
(99) 0 100 0 100 0 100 0 100 

26 Test 6: Bl(N3, N4) B2 (NJ, N4) Cl(N3, N4) C2(N3, N4) 
(99) 100 0 0 100 100 0 0 100 

27 Test 5: Bl(C2, N4) B2(Cl, N3) Cl ( B2, N4) C2(Bl, N3) 
(99) 0 100 0 100 0 100 0 100 

28 Test 6: Bl(N3, N4) B2(N3, N4) Cl(N3, N4) C2(N3, N4) 
(99) 83 17 0 100 100 0 0 100 

Tests for Eguivalence 

29 Test 2: Bl(C2, Cl) B2(Cl, C2) Cl(B2, Bl) C2(Bl, B2) 
(99) 0 100 0 100 0 100 0 100 

30 Test 1: B 1 ( ,1\2 , A 1) B2(Al, A2) Cl(A2, Al) C2(Al, A2) 
( 100) 0 100 0 100 0 100 0 100 

Series I 

31 Test 4: Bl(Nl, N2) B2(Nl, N2) Cl(Nl, N2) C2(Nl, N2) 
(98) 33 67 83 17 0 100 67 33 

32 Test 3: Bl(N2, Cl) B2(Nl, C2) Cl(N2, Bl) C2(Nl, B2) 
(99) 0 100 0 100 0 100 0 100 

33 Test 4: Bl(Nl, N2) B2(Nl, N2) Cl(Nl, N2) C2(Nl, N2) 
(99) 17 83 100 0 17 83 67 33 
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Table 3 (Conti nu ed ) 

34 Test 3: Bl(N2, Cl) B2(Nl, C2) Cl(N2, Bl) C2(Nl, B2) 
(99) 0 100 0 100 0 100 0 100 

Tests for Eguivalence 

35 Test 1: Bl(A2, Al) B2(Al, A2) Cl(A2, Al) C2(Al, A2) 
(100) 0 100 0 100 0 100 0 100 

36 Test 2: Bl(C2, C 1) B2(Cl, C2) Cl(B2, Bl) C2(Bl, B2) 
(99) 0 100 0 100 0 100 0 100 

Session # Subject OW 

1-6 Train A-B, A-C Matching (Set IIIb Stimuli): 
Al(B2, Bl*) A2 ( B 1, B2*) Al(C2, Cl*) A2 ( Cl, C2*) 

Seri es I 

7 Test 4: Bl(Nl, N2) 82 ( N 1, N2) Cl(Nl, N2) C2(Nl, N2) 
(99) 100 0 100 0 100 0 83 17 

8 Test 3: Bl(Nl , Cl) 82(N2, C2) Cl(Nl, Bl) C2(N2, B2) 
(99) 0 100 0 100 0 100 0 100 

9 Test 4: Bl(Nl, N2) B2(Nl, N2) Cl(Nl, N2) C2(Nl, N2) 
(100) 100 0 67 33 100 0 100 0 

10 Test 3: Bl(Nl, Cl) B 2 ( N2, C2) Cl(Nl, Bl) C2(N2, 82) 
(99) 0 100 0 100 0 100 0 100 

Tests for Eguivalence 

11 Test 2: Bl(C2, Cl) B2(Cl, C2) Cl(B2, Bl) C2(81, 82) 
(100) 0 100 0 100 0 100 0 100 

12 Test 1: Bl(A2, Al) 82 ( A 1 , A2) Cl(A2, Al) C2(.iU, A2) 
(99) 0 100 0 100 0 100 0 100 

Seri es II 

13 Test 5: Bl(C2, N3) B2(Cl, N4) Cl(B2, N3) C2(B1, N4) 
( 100) 0 100 0 100 0 100 0 100 
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Table 3 (Continued) 

14 Test 6: Bl ( N3, N4) B2(N3, N4) Cl(N3, N4) C2(N3, N4) 
(100) 100 0 33 67 100 0 33 67 

15 Test 5: Bl ( C2, N4) B2(Cl, N3) Cl(B2, N4) C2(Bl, N3) 
( 100) 0 100 0 100 0 100 0 100 

16 Test 6: Bl(N3, N4) B2(N3, N4) Cl ( N3, N4) C2(N3, N4) 
(100) 0 100 100 0 0 100 100 0 

Tests for Equivalence 

17 Test 1: Bl(A2, Al) B2(Al, A2) Cl(A2, Al) C2(Al, A2) 
(99) 0 100 0 100 0 100 0 100 

18 Test 2: Bl(C2, Cl) B2(Cl, C2) Cl(B2, Bl) C2 ( B 1, B2) 
(99) 0 100 0 100 0 100 0 100 

19-23 Train A-B, A-C Matching (Set IVb Stimuli): 
Al ( B2, Bl*) A2 ( B 1, B2*) Al(C2, Cl*) A2(Cl, C2*) 

Tests for Eguivalence 

24 Test 1: Bl(A2, Al) B2(Al, A2) Cl(A2, Al) C2(Al, A2) 
(99) 0 100 0 100 0 100 0 100 

25 Test 2: Bl(C2, Cl) B2 (Cl, C2) Cl(B2, Bl) C2(Bl, B2) 
( 100) 0 100 0 100 0 100 0 100 

Series II 

26 Test 6: Bl ( N3, N4) B2(N3, N4) Cl(N3, N4) C2(N3, N4) 
(100) 0 100 50 50 0 100 100 0 

27 Test 5: Bl(C2, N3) B2(Cl, N4) Cl(B2, N3) C2(Bl, N4) 
( 100) 0 100 0 100 0 100 0 100 

28 Test 6: B 1 (NJ, N4) B2 ( N3, N4) Cl(N3, N4) C2 ( N3, N4) 
(99) 0 100 100 0 0 100 100 0 

29 Test 5: Bl(C2, N3) B2(Cl, N4) Cl(B2, N3) C2(Bl, N4) 
(99) 0 100 0 100 0 100 0 100 

Tests for Eguivalence 

30 Test 2: Bl( C2, Cl) B2(Cl, C2) Cl(B2, 81) C2(Bl, B2) 
( 100) 0 100 0 100 0 100 0 100 
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Table 3 (Continued) 

31 Test 1: B 1 (A2, Al) B2(Al, A2) Cl(A2, Al) C2(Al, A2) 
( 100) 0 100 0 100 0 100 0 100 

Series I 

32 Test 3: Bl(Nl, Cl) B2(N2, C2) Cl(Nl, Bl) C2(N2, 82) 
(99) 0 100 0 100 0 100 0 100 

33 Test 4: Bl(Nl, N2) 82 ( Nl, N2) Cl(Nl, N2) C2(Nl, N2) 
(100) 100 0 33 67 83 17 0 100 

34 Test 3: Bl(Nl, Cl) B2(N2, C2) Cl(Nl, Bl) C2(N2, B2) 
( 100) 0 100 0 100 0 100 0 100 

35 Test 4: Bl(Nl, N2) B2(Nl, N2) Cl(Nl, N2) C2(Nl, N2) 
(99) 67 33 17 83 100 0 33 67 

Session # Subject LM 

1-8 Train A-8, A-C Matching (Set IIIa Stimuli ) : 
Al(B2, Bl*) A2(Bl, B2*) Al(C2, Cl*) L\2(Cl, C2*) 

Tests for Eguivalence 

9 Test 2: Bl(C2, Cl) B2(Cl, C2) Cl(B2, Bl) C2(Bl, 82) 
(99) 33 67 100 0 33 67 67 33 

10 Test 1: Bl(A2, Al) B2(Al, A2) Cl(A2, Al) C2(Al, A2) 
(99) 0 100 0 100 0 100 0 100 

Series II 

11 Test 5: B1(C2, N3) B2(Cl, N4) Cl(B2, N3) C2(B1, N4) 
( 98) 100 0 100 0 100 0 100 0 

12 Test 6: Bl(N3, N4) B2(N3, N4) Cl(N3, N4) C2(N3, N4) 
( 100) 100 0 33 67 83 17 67 33 

13 Test 5: Bl(C2, N4) B2(Cl, N3) Cl(B2, N4) C2(Bl, N3) 
(99) 0 100 100 0 17 83 100 0 

14 Test 6: B 1 ( N3, N4) B2(N3, N4) Cl(N3, N4) C2 ( N3, N4) 
(98) 0 100 0 100 0 100 0 100 
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Table 3 (Continued) 

Tests For Eguivalence 

15 Test 1: Bl(A2, Al) B2(Al, A2) Cl(A2, Al) C2(Al, A2) 
(98) 0 100 0 100 0 100 0 100 

16 Test 2: Bl(C2, C 1) B2(Cl, C2) Cl(B2, B 1) C2(81, B2) 
(96) 0 100 33 67 0 100 0 100 

Series I 

17 Test 4: Bl(Nl, N2) B2(Nl, N2) Cl(Nl, N2) C2(Nl, N2) 
( 97) 67 33 33 67 33 67 33 67 

18 Test 3: BJ(Nl, Cl) B2(N2, C2) Cl(Nl, Bl) C2(N2, B2) 
(99) 0 100 0 100 0 100 0 100 

19 Test 4: Bl(Nl, N2) B2(Nl, N2) Cl(Nl, N2) C2(Nl, N2) 
(100) 17 83 33 67 33 67 17 83 

20 Test 3: Bl(N2, Cl) B2(Nl, C2) Cl(N2, B 1) C2(Nl, B2) 
(99) 0 100 0 100 0 100 0 100 

21-25 Train A-B, A-C Matching (Set IVa Stimuli): 
Al(B2, Bl*) A2(B1, B2*) Al(C2, Cl*) A2 ( Cl, C2*) 

Seri es I 

26 Test 3: Bl(Nl, Cl) B2(N2, C2) Cl(Nl, Bl) C2(N2, B2) 
(98) 0 100 0 100 0 100 0 100 

27 Test 4: Bl(Nl, N2) B2(Nl, N2) Cl(Nl, N2) C2(Nl, N2) 
(99) 0 100 0 100 0 100 0 100 

28 Test 3: Bl(N2, Cl) B2(Nl, C2) Cl(N2, Bl) C2(Nl, B2) 
( 98) 0 100 0 100 0 100 0 100 

29 Test 4: Bl(Nl, N2) B2(Nl, N2) Cl(Nl, N2) C2(Nl, N2) 
(100) 50 50 67 33 67 33 83 17 

Tests for Eguivalence 

30 Test 1: B 1 (A2, Al) B2(Al, A2) Cl(A2, Al) C2 ( A 1, A2) 
(99) 0 100 0 100 0 100 0 100 

31 Test 2: Bl(C2, Cl) B2(Cl, C2) Cl(B2, Bl) C2(Bl, B2) 
( 100) 17 83 0 100 0 100 0 100 
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Table 3 (Continued) 

Series II 

32 Test 6: Bl(N3, N4) B2(N3, N4) Cl(N3, N4) C2(N3, N4) 
(100) 17 83 33 67 50 50 83 17 

33 Test 5: Bl(C2, N3) B2(Cl, N4) Cl(B2, N3) C2 (Bl, N4) 
(99) 17 83 0 100 17 83 0 100 

34 Test 6: Bl(N3, N4) B2(N3, N4) Cl(N3, N4) C2(N3, N4) 
(98) 50 50 33 67 83 17 33 67 

35 Test 5: Bl(C2, N4) B2 ( C 1, N3) Cl(B2, N4) C2(Bl, N3) 
(98) 0 100 0 100 17 83 0 100 

Tests for Equivilence 

36 Test 2: Bl(C2, Cl) B2(Cl, C2) Cl(B2, Bl) C2(Bl, 82) 
(98) 0 100 0 100 0 100 17 83 

37 Test 1: Bl(A2, Al) B2(Al, A2) Cl(A2, Al) C2(Al, A2) 
(99) 0 100 0 100 0 100 0 100 

Sessio n JI Subject NO TT 

1-5 Train A-8, A-C Matching (Set IIIb Stimuli): 
Al(B2, Bl*) A2 ( B 1, 82*) Al(C2, Cl*) J1.2(Cl, C2*) 

Seri es II 

6 Test 6: B 1 ( N3, N4) 82 ( N3, N4) C 1 ( N3, N4) C2(N3, N4) 
(99) 100 0 0 100 100 0 0 100 

7 Test 5: Bl(C2, N4) B2(Cl, N3) C1(82, N4) C2(Bl, N3) 
(100) 0 100 0 100 0 100 0 100 

8 Test 6: Bl(N3, N4) 82 ( N3, N4) Cl(N3, N4) C2(N3, N4) 
(99) 0 100 100 0 0 100 100 0 

9 Test 5: Bl(C2, N3) B2(Cl, N4) Cl(B2, N3) C2(B1, N4) 
(100) 0 100 0 100 0 100 0 100 

Tests for Eguivalence 

10 Test 1: Bl(A2, Al) 82(Al, A2) Cl(A2, Al) C2(Al, A2) 
(99) 0 100 0 100 0 100 0 100 
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Table 3 (Continued) 

11 Test 2: Bl(C2, C1) B2(C1, C2) Cl(B2, Bl) C2(B1, B2) 
(100) 0 100 0 100 0 100 0 100 

Seri es I 

12 Test 3: Bl(Nl, Cl) B2(N2, C2) Cl(Nl, Bl) C2(N2, B2) 
(99) 0 100 0 100 0 100 0 100 

13 Test 4: Bl(Nl, N2) B2(Nl, N2) Cl(Nl, N2) C2(Nl, N2) 
(99) 33 67 100 0 17 83 100 0 

14 Test 3: Bl(N2, Cl) B2(Nl, C2) Cl(N2, Bl) C2(Nl, B2) 
(99) 0 100 0 100 0 100 0 100 

15 Test 4: Bl(Nl, N2) B2 ( N 1, N2) Cl(Nl, N2) C2(Nl, N2) 
(100) 0 100 100 0 0 100 100 0 

Tests for Eguivalence 

16 Test 2: Bl(C2, Cl) B2(CJ., C2) Cl(B2, Bl) C2(B1, B2) 
(99) 0 100 0 100 0 100 0 100 

17 Test 1: Bl(A2, Al ) B2(Jl.l, A2) Cl (A2, Al) C2(Al, A2) 
(99) 0 100 0 100 0 100 0 100 

18-22 Train A-B, A-C Matching (Set IVb Stimuli ) : 
Al(B2, Bl*) A2(Bl, B2*) Al(C2, Cl*) A2(Cl, C2*) 

Tests for Eguivalence 

23 Test 2: Bl(C2, Cl) B2(Cl, C2) Cl(Bl, B2) C2(81, B2) 
(100) 0 100 0 100 0 100 0 100 

24 Test 1: Bl(A2, Al) B2(Al, A2) Cl(A2, Al) C2 ( Jl.1, A2) 
(99) 0 100 0 100 0 100 0 100 

Series I 

25 Test 4: Bl(Nl, N2) B2(Nl, N2) Cl(Nl, N2) C2(Nl, N2) 
(99) 83 17 0 100 100 0 0 100 

26 Test 3: Bl(Nl, Cl) 82(N2, C2) Cl(Nl, Bl) C2(N2, B2) 
(100) 0 100 0 100 0 100 0 100 

27 Test 4: B 1 (NJ., N2) 82 ( N 1, N2) Cl (Nl, N2) C2(Nl, N2) 
(100) 100 0 0 100 100 0 17 83 
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Table 3 (Continued) 

28 Test 3: Bl(Nl, Cl) B2(N2, C2) Cl(Nl, Bl) C2(N2, B2) 
(99) 0 100 0 100 0 100 0 100 

Tests for Eguivalence 

29 Test 1: B 1 ( A2, Al) B2 (Al, A2) Cl(A2, Al) C2(Al, A2) 
(100) 0 100 0 100 0 100 0 100 

30 Test 2: Bl(C2, Cl) B2(Cl, C2) Cl(B2, Bl) C2(B1, 82) 
(100) 0 100 0 100 0 100 0 100 

Series II 

31 Test 5: Bl(C2, N3) B2(Cl, N4) Cl(B2, N3) C2(B1, N4) 
(99) 0 100 17 83 0 100 0 100 

32 Test 6: 81 ( N3, N4) B2(N3, N4) Cl(N3, N4) C2(N3, N4) 
(99) 17 83 83 17 0 100 100 0 

33 Test 5: Bl(C2, N3) B2(Cl, N4) Cl(B2, M3) C2(Bl, N4) 
(99) 0 100 0 100 0 100 0 100 

34 Test 6: B 1 ( N3, N4) B2(N3, N4) Cl ( N3, N4) C2 ( N3, N4) 
(99) 83 17 0 100 100 0 0 100 
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A12~endix E 

Table 4 

Description of conditions and test results for Group 3 subjects 
(Chaining) of Experiment 2. See Appendix B for details . 

Session .il Subject LH Tr 

1-6 Train A-B, B-C Matching (Set IIIa Stimuli): 
Al(B2, Bl*) A2(Bl, B2*) Bl(C2, Cl*) B2 ( Cl, C2*) 

Tests for Eguivalence 

7 Test 1: Bl(A2, Al) B2(Al, A2) Cl(B2, Bl) C2(Bl, B2) 
(100) 0 100 0 100 0 100 0 100 

8 Test 2: Al(C2, Cl) A2(Cl, C2) Cl(/1.2, Al) C2(Al, A2) 
(99) 0 100 0 100 0 100 0 100 

Series I 

9 Test 3: Al(Nl, Cl) A2(N2, C2) Cl (Nl, Al) C2(N2, A2) 
(99) 0 100 0 100 0 100 0 100 

10 Test 4: Al(Nl, N2) A2(Nl, N2) Cl(Nl, N2) C2(Nl, N2) 
(99) 50 50 83 17 50 50 67 33 

11 Test 3: Al(N2, Cl) A2(Nl, C2) Cl(N2, Al) C2(Nl, A2) 
(99) 0 100 0 100 0 100 0 100 

12 Test 4: Al(Nl, N2) A2 ( Nl, N2) Cl(Nl, N2) C2(Nl, N2) 
(97) 50 50 17 83 67 33 50 50 

Tests for Eguivalence 

13 Test 2: Al(C2, Cl) A2(Cl , C2) Cl(A2, Al) C2(Al, A2) 
(100) 0 100 0 100 0 100 0 100 

14 Test 1: B 1 ( A2, A 1) B2(Al, A2) Cl( B2, Bl) C2(B1, B2) 
(99) 0 100 0 100 0 100 0 100 

Series II 

15 Test 6: A 1 ( N3, N4) A2(N3, N4) Cl(N3, N4) C2(N3, N4) 
(99) 83 17 0 100 100 0 0 100 
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16 Test 5: Al(C2, N4) A2(Cl, N3) Cl(A2, N4) C2(Al, N3) 
( 100) 0 100 0 100 0 100 0 100 

17 Test 6: Al(N3, N4) A2(N3, N4) Cl(N3, N4) C2(N3, N4) 
(99) 100 0 0 100 100 0 0 100 

18 Test 5: Al(C2, N4) A2(Cl, NJ) Cl(A2, N4) C2(Al, NJ) 
(99) 0 100 0 100 0 100 0 100 

19-23 Train A-B, B-C Matching (Set IVa Stimuli): 
A 1 ( B2, B 1 *) A2(Bl, B2*) B1(C2, Cl*) B2(Cl, C2*) 

Series II 

24 Test 5: Al(C2, N3) A2 ( Cl, N4) Cl (A2, N3) Cl(A2, N4) 
(100) 0 100 0 100 17 83 0 100 

25 Test 6: Al ( N3, N4) A2(N3, N4) Cl U13, N4) C2(N3, N4) 
(99) 100 0 0 100 100 0 0 100 

26 Test 5: Al(C2, N4) A2 ( Cl, N3) C 1 (A2, N4) C2(Al, ~!3) 
( 100) 0 100 0 100 0 100 0 100 

27 Test 6: Al(N3, N4) A2(N3, N4) Cl(N3, N4) C2(N3, N4) 
(99) 0 100 67 33 17 83 83 17 

Tests for Eguivalence 

28 Test 2: Al(C2, C 1) A2(Cl, C2) Cl(A2, Al) C2(Al, A2) 
(100) 0 100 0 100 0 100 0 100 

29 Test 1: Bl(A2, Al) B2(Al, A2) Cl(B2, Bl) C2(Bl, B2) 
(99) 0 100 0 100 0 100 0 100 

Series I 

30 Test 4: Al(Nl, N2) A2(Nl, N2) Cl(Nl, N2) C2(Nl, N2) 
(99) 100 0 0 100 100 0 0 100 

31 Test 3: Al(Nl, Cl) A2(N2, C2) Cl(Nl, Al) C2(N2, A2) 
(99) 17 83 0 100 0 100 0 100 

32 Test 4: Al(Nl, N2) A2 ( N l, N2) Cl(Nl, N2) C2(Nl, N2) 
( 100) 100 0 0 100 100 0 0 100 
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33 Test 3: Al(Nl, Cl) A2(N2, C2) Cl(Nl, Al) C2 ( N2, A2) 
(100) 0 100 0 100 0 100 0 100 

Tests for Eguivalence 

34 Test 1: B 1 ( A2, A 1) B2(Al, A2) Cl ( B2, B 1) C2(Bl, B2) 
( 100) 0 100 0 100 0 100 0 100 

35 Test 2: Al(C2, Cl) A2 ( Cl, C2) Cl(A2, Al) C2(Al, P.,2) 
(100) 0 100 0 100 0 100 0 100 

Session# Subject AP 

1-10 Train A-B, B-C Matching (Set IIIb Stimuli): 
Al ( B2, Bl*) A2(Bl, B2*) Bl(C2, Cl*) B2(Cl, C2*) 

Series I 

11 Test 4: Al(Nl, N2) A2 ( N 1, N2) Cl(Nl, N2) C2 ( Nl, N2) 
(96) 33 67 67 33 50 50 33 67 

12 Test 3: Al(N2, Cl) A2(Nl, C2) Cl (N2, Al) C2(Nl, A2) 
(99) 0 100 0 100 33 67 0 100 

13 Test 4: Al(Nl, N2) A2(Nl, N2) Cl(Nl, N2) C2(Nl, N2) 
(100) 17 83 33 67 33 67 50 50 

14 Test 3: Al(N2, Cl) A2 ( Nl, C2) Cl ( N2, A 1) C2(Nl, A2) 
(99) 0 100 17 83 0 100 17 83 

Tests for Eguivalence 

15 Test 2: Al(C2, Cl) A2(C1, C2) C 1 ( A2, A 1) C2(Al, A2) 
(99) 0 100 33 67 17 83 17 83 

16 Test 1: Bl(.L\2, Al) B2(Al, A2) Cl(B2, Bl) C2(Bl, B2) 
( 100) 0 J.00 17 83 17 83 17 83 

Seri es II 

17 Test 5: Al(C2, N3) A2(Cl, N4) Cl(A2, N3) C2(Al, N4) 
(98) 17 83 67 33 50 50 33 67 
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18 Test 6: Al(N3, N4) A2(N3, N4) Cl ( N3, N4) C2(N3, N4) 
(99) 50 50 17 83 83 17 0 100 

19 Test 5: Al(C2, N4) A2(Cl, N3) Cl (A2, N4) C2(Al, N3) 
(99) 50 50 17 83 0 100 50 50 

20 Test 6: Al(N3, N4) A2(N3, N4) Cl(N3, N4) C2(N3, N4) 
(99) 83 17 33 67 50 50 33 67 

Tests for Eguivalence 

21 Test 1: B 1 (A2, Al) B2(Al, A2) Cl(B2, Bl) C2(Bl, B2) 
( 96) 0 100 17 83 0 100 0 100 

22 Test 2: Al(C2, Cl) A2 ( C 1, C2) Cl(A2, Al) C2(Al, A2) 
(98) 17 83 17 83 0 100 17 83 

23-28 Train A-B, B-C Matching (Set IVb Stimuli): 
Al(B2, Bl*) A2(B1, B2*) Bl(C2, Cl*) B2(Cl, C2*) 

Tests for Eguivalence 

29 Test 1: Bl(A2, Al) B2(Al, A2) Cl(B2, Bl) C2(Bl, B2) 
(100) 0 100 0 100 0 100 0 100 

30 Test 2: Al(C2, Cl) A2(Cl, C2) Cl(A2, Al) C2(Al, A2) 
(99) 17 83 0 100 0 100 0 100 

Series II 

31 Test 6: Al(N3, N4) A2(N3, N4) Cl(N3, N4) C2(N3, N4) 
(100) 83 17 33 67 67 33 33 67 

32 Test 5: .Al(C2, N4) A2(Cl, N3) Cl(A2, N4) C2(Al, N3) 
(99) 0 100 0 100 0 100 0 100 

33 Test 6: Al(N3, N4) A2(N3, N4) Cl(N3, N4) C2(N3, N4) 
(99) 50 50 33 67 67 33 33 67 

34 Test 5: Al(C2, N4) A2(Cl, N3) Cl(A2, N4) C2(Al, N3) 
(99) 0 100 17 83 0 100 0 100 

Tests for Equivalence 

35 Test 2: Al(C2, Cl) A2 ( C 1, C2) Cl(A2, .Al) C2(Al, A2) 
( 97) 17 83 0 100 0 100 0 100 
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36 Test 1: B 1 ( A2, A 1) B2(Al, A2) Cl(B2, Bl) C2(Bl, B2) 
(100) 0 100 0 100 0 100 0 100 

Series I 

37 Test 3: Al(Nl, Cl) A2(N2, C2) Cl(Nl, Al) C2(N2, A2) 
(99) 0 100 0 100 0 100 0 100 

38 Test 4: Al(Nl, N2) A2(Nl, N2) Cl(Nl, N2) C2(Nl, N2) 
(100) 17 83 67 33 50 50 50 50 

39 Test 3: A 1 ( N2, Cl) A2 ( N 1, C 2) Cl(N2, A. l) C2(Nl, A2) 
(100) 17 83 0 100 0 100 0 100 

40 Test 4: Al (Nl, N2) A2 ( Nl, N2) Cl(Nl, N2) C2(Nl, N2) 
(99) 67 33 30 67 50 50 50 50 

Sessio n # Subject GC 

1-11 Train A-8, B-C Matching (Set IIIa Stimuli): 
Al(B2, Bl*) l\2(Bl, B2*) Bl(C2, Cl*) B2(Cl, C2*) 

Tests for Eguivalence 

12 Test 2: Al(C2, Cl) A2(Cl, C2) C 1 (A2, Al) C2(Al, A2) 
( 97) 0 100 0 100 17 83 J.7 83 

13 Test 1: Bl(A2, Al) B2(Al, A2) Cl (B2, Bl) C2(Bl, B2) 
(99) 0 100 0 100 33 67 0 100 

Series II 

14 Test 5: Al(C2, N3) A2(Cl, N4) Cl(A2, N3) C2(Al, N4) 
(98) 0 100 0 100 0 100 0 100 

15 Test 6: A 1 ( N3 , N4) A2(N3, N4) Cl(N3, N4) C2(N3, N4) 
( 96) 50 50 33 67 67 33 33 67 

16 Test 5: A 1 ( C2, N4) A2(Cl, N3) Cl (A2, N4) C2(Al, N3) 
(100) 0 100 0 100 0 100 0 100 

17 Test 6: A 1 ( N3, N4) A2(N3, N4) Cl(N3, N4) C2(N3, N4) 
( 98) 33 67 50 50 50 50 50 50 
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Tests for Equivalence 

18 Test 1: Bl(A2, Al) B2(Al, A2) Cl(B2, Bl) C2(Bl, B2) 
(98) 0 100 0 100 0 100 0 100 

19 Test 2: Al(C2, Cl) A2(Cl, C2) Cl(A2, Al) C2(Al, A2) 
( 98) 0 100 0 100 0 100 0 100 

Series I 

20 Test 4: Al(Nl, N2) A2(Nl, N2) Cl(Nl, N2) C2(Nl, N2) 
( 97) 33 67 67 33 33 67 33 67 

21 Test 3: Al(N2, Cl) A2(Nl, C2) Cl(N2, Al) C2(Nl, A2) 
(99) 17 83 0 100 17 83 0 100 

22 Test 4: Al(Nl, N2) A2(Nl, N2) CJ(Nl, N2) C2(Nl, N2) 
( 97) 33 67 67 33 33 67 50 50 

23 Test 3: A 1 ( N2, Cl) A2(Nl, C2) Cl(N2, Al) C2(Nl, A2) 
(99) 0 100 17 83 17 83 0 100 

24-32 Train A-B, B-C Matching (Set IVa St imuli): 
Al(B2, Bl*) A2(Bl, B2*) Bl(C2, Cl*) B2(Cl, C2*) 

Series I 

33 Test 3: Al(Nl, Cl) A2(N2, C2) Cl(Nl, Al) C2(N2, A2) 
( 100) 0 100 0 100 0 100 0 100 

34 Test 4: Al(Nl, N2) A2 ( Nl, N2) Cl(Nl, N2) C2(Nl, N2) 
( 98) 50 50 50 50 83 17 33 67 

35 Test 3: Al(Nl, Cl) A2(N2, C2) Cl(Nl, Al) C2(N2, A2) 
(99) 0 100 0 100 17 83 0 100 

36 Test 4: Al(Nl, N2) A2(Nl, N2) Cl(Nl, N2) C2(Nl, N2) 
( 99) 50 50 83 17 50 50 33 67 

Tests for Eguivalence 

37 Test 1: Bl(A2, Al) B2(Al, A2) Cl(B2, Bl) C2(Bl, B2) 
(99) 0 100 0 100 0 100 0 100 

38 Test 2: A 1 ( C2, Cl) A2(Cl , C2) Cl(A2, Al) C2 ( A 1 , A2) 
(99) 0 100 0 100 O· 100 0 100 
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Series II 

39 Test 6: Al(N3, N4) A2(N3, N4) Cl(N3, N4) C2 ( N3, N4) 
(99) 67 33 50 50 67 33 33 67 

40 Test 5: Al(C2, N4) A2(Cl, N3) Cl(A2, N4) C2(Al, N3) 
(99) 0 100 0 100 0 100 0 100 

41 Test 6: A 1 ( N3, N4) A2(N3, N4) Cl(N3, N4) C2 ( N3, N4) 
(97) 50 50 17 83 50 50 50 50 

42 Test 5: Al(C2, N4) A2 ( Cl, N3) Cl(A2, N4) C2(Al, N3) 
(98) 0 100 0 100 0 100 0 100 

Tests for Eguivalence 

43 Test 2: Al(C2, Cl) A2 ( C 1, C2) Cl(A2, Al) C2 (Al, A2) 
(98) 0 100 0 100 0 100 0 100 

44 Test 1: Bl(A2, Al) B2(A1, A2) Cl(B2, Bl) C2(Bl, B2) 
( 97) 17 83 0 100 0 100 0 100 

Session # Subject ED 

1-5 Train A-B, B-C Matching (Set IIIb Stimuli): 
Al(B2, Bl*) A2(Bl, 82*) Bl(C2, Cl*) B2(Cl, C2*) 

Series II 

6 Test 6: Al(N3, N4) A2(N3, N4) Cl(N3, N4) C2 ( N3, N4) 
(99) 17 83 100 0 0 100 50 50 

7 Test 5: Al(C2, N3) A2(Cl, N4) Cl (A2, N3) C2 (Al, N4) 
( 98) 0 100 0 100 0 100 17 83 

8 Test 6: Al(N3, N4) A2(N3, N4) C 1 ( N3, N4) C2(N3, N4) 
( 96) 17 83 100 0 17 83 100 0 

9 Test 5: A 1 ( C2, N3) A2(Cl, N4) Cl(A2, N3) C2(Al, N4) 
( 97) 0 100 17 83 0 100 17 83 
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Tests for Equivalence 

10 Test 1: Bl(A2, Al) B2(Al, A2) Cl(B2, Bl) C2(Bl, B2) 
(100) 0 100 0 100 0 lOO 0 100 

11 Test 2: Al(C2, Cl) A2(Cl, C2) Cl(A2, Al) C2(Al, A2) 
(97) 0 100 17 83 0 100 17 83 

Series I 

12 Test 3: Al(Nl, Cl) A2(N2, C2) Cl(Nl, Al) C2(N2, A2) 
( 100) 0 100 0 100 0 100 0 100 

13 Test 4: Al(Nl, N2) A2(Nl, N2) Cl(Nl, N2) C2(Nl, N2) 
(99) 33 67 67 33 50 50 67 33 

14 Test 3: Al(N2, Cl) A2(Nl, C2) Cl(N2, Al) C2 ( N 1, A2) 
(99) 0 100 0 100 0 100 0 100 

15 Test 4: Al(Nl, N2) A2(Nl, N2) Cl(Nl, N2) C2(Nl, N2) 
(99) 50 50 83 17 33 67 67 33 

Tests for Eguivalence 

16 Test 2: Al(C2, Cl) A2(Cl, C2) Cl(A2, Al) C2(Al, A2) 
(99) 0 100 0 100 17 83 0 100 

17 Test 1: Bl(A2, .1\1) B2(Al, A2) Cl(B2, Bl) C2( Bl, B2) 
(99) 0 100 0 100 0 100 0 100 

18-26 Train A-B, B-C Matching (Set IVb Sti muli ): 
Al(B2, Bl*) A2 (Bl, B2*) Bl(C2, Cl*) B2 ( C 1, C2*) 

Tests for Eguivalence 

27 Test 2: Al(C2, Cl) A2(Cl, C2) Cl(A2, Al) C2(Al, A2) 
(99) 0 100 17 83 17 83 17 83 

28 Test 1: Bl(A2, Al) B2(Al, A2) C 1 ( B2 , Bl) C2(Bl, B2) 
(100) 33 67 17 83 17 83 0 100 

Series I 

29 Test 4: Al(Nl, N2) A2(Nl, N2) Cl(Nl, N2) C2(Nl, N2) 
(98) 33 67 0 100 83 17 67 33 

30 Test 3 : Al(Nl , Cl) A2(N2, C2) Cl(NJ., Al) C2(N2, A2) 
(99) 0 100 0 100 0 100 0 100 
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31 Test 4: A.l(Nl, N2) A2(Nl, N2) Cl(Nl, N2) C2(Nl, N2) 
( 96) 67 33 33 67 67 33 50 50 

32 Test 3: .Al(Nl, Cl) A2(N2, C2) Cl(Nl, Al) C2(N2, A2) 
(99) 0 100 0 100 0 100 17 83 

Tests for Eguivalence 

33 Test 1: B 1 (A2, Al) B2(Al, A2) Cl(B2, Bl) C2(Bl, 82) 
( 97) 33 67 0 100 17 83 0 100 

34 Test 2: Al(C2, Cl) A2(Cl, C2) Cl (A2, Al) C2(Al, A2) 
(98) 0 100 0 100 17 83 0 100 

Series II 

35 Test 5: Al(C2, N3) A2(Cl, N4) Cl(A2, N3) C2(Al, N4) 
(99) 0 100 0 100 0 100 0 100 

36 Test 6: Al(N3, N4) A2(N3, N4) Cl(N3, N4) C2(N3, N4) 
(97) 83 17 17 83 50 50 17 83 

37 Test 5: Al(C2, N4) A2(Cl, NJ) Cl(A2, N4) C2(Al, NJ) 
(99) 0 100 0 100 0 100 17 83 

38 Test 6: Al(N3, N4) A2(N3, N4) Cl(N3, N4) C2(N3, N4) 
( 96) 83 17 67 33 83 17 50 50 
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