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ABSTRACT 

An Investigation of the Five-Term Contingency and the 

Conditional Control of Equivalence Relations 

by 

Richard W. Serna, Doctor of Philosophy 

Utah State University, 1987 

Major Professor: 
Department: 

J. Grayson Osborne 
Psychology 

In recent years, there has been an increasing 

interest in the study of human operant behavior. One 

area of study reflecting this interest is the study of 

the formation of equivalent classes of stimuli by human 

subjects. The focus of the present research was the 

study of the conditions under which classes of 

equivalent stimuli can be inferred to be under 

conditional control. 

In Experiment 1-A, three college students were 

trained to respond to a balanced five-term contingency 

via a visual-visual simultaneous matching-to-sample task 

with two choices of comparison stimuli. Probe tests 

showed that subjects' behavior could be described as 

being controlled by positive and negative stimulus 

relations. When the second-order stimulus was removed 

during subsequent probes, none of the three subjects 

demonstrated strong correct responses to the four-term 
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unit relations. Also, none of the three subjects 

demonstrated the expected transitive relations when the 

second-order (five-term) stimulus was removed. In 

Experiment 1-B--with the same three subjects--explicit 

training of the four-term unit relations showed the 

expected transitive relations in the absence of the 

second-order stimulus. 

In Experiments 2 through 5--using a matching-to

sample task similar to that used in Experiments 1-A and 

1-B--five subjects were trained to respond to comparison 

stimuli C and E in the presence of sample A and second

order stimulus X and to comparison stimuli Band Fin 

the presence of sample D and second-order stimulus X. 

Likewise, the subjects were trained to respond to 

comparison stimuli Band Fin the presence of sample A 

and second-order stimulus Y and to comparison stimuli C 

and E in the presence of sample D and second-order 

stimulus Y. Probe tests for transitive relations showed 

that four of the five subjects eventually demonstrated 

four three-member classes of equivalent stimuli that 

functioned separately under the control of the second

order stimuli. The four subjects demonstrating the 

classes of equivalent stimuli either a) demonstrated the 

transitive relations immediately orb) demonstrated the 

transitive relations after explict retraining of the 

underlying four-term unit relations. 
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The results of all experiments together indicated 

that the composition of classes of equivalent stimuli 

can be conditionally controlled by either a) removing 

the second-order stimulus orb) training subjects to 

respond to classes of equivalent stimuli under the 

control of other explicit visual second-order stimuli. 

The results are discussed in terms of verbal behavior, 

emergent behavior, and conceptual development. 

(236 pages) 
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INTRODUCTION 

In recent years, the field of the experimental 

analysis of behavior has seen an increasing interest in 

the analysis of human behavior. This interest coincides 

with the current dominance of cognitive-related areas 

within the scientific study of psychology. Within the 

experimental analysis of human behavior, a number of 

research issues such as rule-governed behavior, self

control, instructional control, and stimulus equivalence 

are recei v ing increased attention. Each of these areas 

involves the study of phenomena that relate primarily to 

human behavior. Particularly in studies investigating 

stimulus equivalence phenomena, the focus has been on 

aspects of human behavior traditionally studied as 

language and cognitive behavior. Nevertheless, while 

the focus may be on behavior traditionally studied 

within the realm of non-behavioral psychology, the 

theoretical and conceptual view of such phenomena 

remains solidly grounded in the experimental analysis of 

behavior. The focus of the present research is the 

study of stimulus equivalence relations in humans. 

In studying stimulus equivalence, operant 

researchers have relied primarily on the use of match

to-sample procedures. On a typical match-to-sample 

trial, a subject is presented with a sample stimulus and 

two or more comparison stimuli. The subject's task is 



to "match" by choosing the correct comparison stimulus 

in the presence of a given sample. A correct choice is 

followed by some form of reinforcement while an 

incorrect choice is not followed by reinforcement. In 

this manner, a number of different stimulus-stimulus 

relations have been taught between the sample stimulus 

and the correct comparison stimulus. Using the above 

procedures, relations can be formed between sets of 

stimuli such that two sets, A and B, are matched to each 

other while sets A and Care also matched. Tests for 

transitivity have been conducted (cf. Sidman, 1971) in 

which C and B stimuli are found to be related without 

direct training through the common relation with A 

stimuli. If reflexivity (matching a stimulus to itself) 

and symmetry (interchangability of sample and 

comparison) can also be shown in addition to 

transitivity, then a class of equivalent stimuli has 

formed. 

Sidman (1971) used the above procedure with a 

mentally retarded subject to test for the emergence of 

untrained relations between pictures of various objects 

(B stimuli) and corresponding printed picture names (C 

stimuli) given their common training to dictated object 

names (A stimuli). The result was twenty, three-member 

classes of stimuli. Sidman (1971) discussed the results 

of his study in terms of elementary reading 

comprehension. Using stimulus equivalence training 
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procedures, a number of other investigators have 

demonstrated the emergence qf untrained relations 

between stimuli (Devany, Hayes, & Nelson, 1986; Dixon, 

1978; Dixon & Spradlin, 1976; Fucini, 1982; Gast, 

VanBiervliet, & Spradlin, 1979; Green, 1985; Lazar, 

Davis-Lang, & Sanchez, 1984; Lazar & Kotlarchyk, in 

press; McDonagh, Mcilvane, & Stoddard, 1984; Sidman, 

Cresson, & Willson-Morris, 1974; Sidman & Cresson, 

1973; Sidman & Tailby, 1982; Sidman, Kirk, & Willson

Morris, 1985; Spradlin, Cotter, & Baxley, 1973; 

Spradlin & Dixon, 1976; Stromer & Osborne, 1982; 

VanBiervliet, 1977; Wetherby, Karlan, & Spradlin, 1983) 

Several investigators (e.g., Spradlin & 

VanBiervliet, 1980; Sidman, 1986; Wetherby, 1983; 

Wetherby et al., 1983) have suggested that many human 

behaviors traditionally referred to as "cognitive"--such 

as linguistic and conceptual behavior--should be studied 

using stimulus equivalence procedures. The logic behind 

this suggestion is that stimulus equivalence classes can 

be viewed as the demonstration of conceptual behavior: 

a concept has been formed that includes, for example, 

the three stimuli demonstrated in one of the classes 

formed in Sidman (1971). A subject who demonstrates 

stimulus equivalence between the dictated name "dog", a 

picture of a dog, and the printed word, D-0-G, could be 

said to "understand the meaning of" or be demonstrating 
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an "understanding of the concept of" dog. If additional 

stimuli are added to the three-member class (cf. Sidman 

& Tailby, 1982}, the concept can be said to have been 

broadened. Humans emit such behavior that is described 

as linguistic or conceptual. It seems logical that such 

behavior is potentially under the control of factors 

that lead to stimulus equivalence. The variables that 

are responsible for language and conceptual development 

will likely be found through a determination of the 

conditions that aid and restrict the development . of 

stimulus equivalence relations (Wetherby, 1983). To a 

large, though by no means complete, extent, the numerous 

studies that have investigated stimulus equivalence have 

successfully investigated such conditions. 

While the notion of the class of equivalent stimuli 

as a concept has proven useful, it is not sufficient in 

an analysis of complex linguistic and conceptual 

behavior. For humans, the composition of equivalence 

classes does not remain the same in all contexts of 

usage. Using an example from Fucini (1982), the 

substance mercury can be classified (can be in a 

relation with) lead and gold. These three substances 

can be viewed as a class of equivalent stimuli of three 

members. If a single term was used to describe the 

"concept" it would be metal. However, mercury can also 

be classified as a liquid; as such, it is in an 

equivalence relation with other liquids. While mercury, 
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in this case, can be a member of both classes, it does 

not follow that another member of the liquid class would 

be in a relation with another member of the metal class 

of stimuli. With which class of stimuli mercury will be 

classified depends on the context in which the stimulus 

mercury is presented. If it is presented in the context 

of liquid, then it is classified as such. If it is 

presented in the context of metals, then it is 

classified as a metal. The composition of the class of 

equivalent stimuli is conditional upon contextual cues. 

Contextual cues might include: (a) the presence of 

certain members of a given class; (b) explicit single 

stimuli such as the words, "metal" versus "liquid"; or 

(c) the presence versus absence of conditional cues. 

The conditions that are necessary for the 

conditional control of equivalence relations are poorly 

understood (Green, 1985). Only a few such studies have 

been reported (Fucini, 1982; Lazar & Kotlarchyk, in 

press). What is necessary is an examination of the 

conditions that lead to the conditional control of 

equivalence relations. An operant analysis of such 

conditions using the methodology of investigations of 

equivalence relations should be used. 

Recall that the procedures used to form classes of 

equivalent stimuli made use of the conditional 

discrimination in a match-to-sample task. As noted 
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earlier, the composition of classes of equivalent 

stimuli is potentially under the control of contextual 

or conditional cues. Logically, a demonstration of the 

conditional control of equivalence relations must 

involve the conditional control of the conditional 

discrimination. Sidman (1986) discussed how the 

conditional control of conditional discriminations 

should be conceptualized. In this conception, just as 

the three-term contingency is controlled by a fourth 

term to form a conditional discrimination, so is the 

four-term contingency controlled by the fifth term 

(called the second-order stimulus). Thus, Sidman 

(1986) provided the conceptual tools with which the 

conditional control of equivalence relations can be 

studied. However, only a few studies (Nevin & Liebold, 

1966; Santi, 1978, 1982) have been conducted that fit 

the conceptualization of the five-term contingency as 

noted by Sidman (1986). These studies demonstrated 

second-order control of identity versus oddity matching. 

No study has investigated the five-term contingency in 

an arbitrary matching task. 
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STATEMENT OF THE PROBLEM 

The formation of classes of equivalent stimuli has 

been demonstrated in numerous studies (Devany, et al., 

1986; Dixon, 1978; Dixon & Spradlin, 1976; Fucini, 

1982; Gast, et al., 1979; Green, 1985; Lazar, et al., 

1984; Lazar & Kotlarchyk, in press; McDonagh, et al., 

1984; Sidman, et al., 1974; Sidman & Cresson, 1973; 

Sidman & Tailby, 1982; Sidman, et al., 1985; Spradlin, 

et al. , 1973; Spradlin & Dixon, 1976; Stromer & 

Osborne, 1982; VanBiervliet, 1977; Wetherby, et al . , 

1983). In addition, it has been suggested that 

behaviors traditionally viewed as linguistic and 

cognitive (such as conceptual behavior) can be studied 

in of stimulus equivalence (Spradlin & VanBiervliet, 

1980; Sidman, 1986; Wetherby, 1983; Wetherby et al. , 

1983) . 

The problem is that while the notion of the 

stimulus equivalence class as a concept is useful, it is 

not sufficient for a study of complex linguistic or 

conceptual behavior. What is needed is an investigation 

of the control of equivalence relations by other, 

second-order stimuli. Only a few such studies (Fucini, 

1982; Lazar & Kotlarchyk, in press) have been 

conducted. The basic paradigm for the study of the 

conditional control of equivalence relations was 

provided by Sidman (1986). While second-order control 
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of conditional discriminations has been demonstrated in 

identity and oddity matching (Nevin & Liebold, 1966; 

Santi, 1978, 1982), the five-term contingency, as 

conceptualized by Sidman (1986) in an arbitrary match

to-sample task has not been investigated. 

The present research investigated the five-term 

contingency and conditional control of equivalence 

relations by explicit second-order stimuli. In the 

first experiment, college students were reinforced for 

responding to correct choices in a five - term contingency 

task. When the task was learned, tests were conducted 

to: (a) determine whether an inference of positive and 

negative stimulus relations could be made in the 

presence of the second-order stimulus (cf. Stromer & 

Osborne, 1982); (b) determine the effect of removing 

the second-order stimulus; and (c) determine whether the 

presence or absence of the second-order stimulus 

controlled equivalence relations. In Experiments 2, 3, 

4, and 5, new subjects were trained to match sets of two 

stimuli to the same stimulus set (e.g., A to Band A to 

C) with the composition of each set dependent upon the 

presence of a specific second-order (contextual) 

stimulus. Tests were conducted to: (a) determine if 

transitive relations were present between pairs of 

stimuli not explicitly trained; and (b) whether the 

transitive relations were exclusive to classes of 
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equivalent stimuli under the separate control of second

order stimuli, even when the classes had stimuli in 

common. Where subjects failed to demonstrate 

appropriate transitive relations, functional analyses 

were conducted to determine conditions that would lead 

to appropriate transitive responding. 

In short, it was the purpose of the present 

research to investigate the controlling relations in 

conditional discriminations under conditional control. 
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REVIEW OF THE LITERATURE 

The Five-Term Contingency 

Consider the basic unit of analysis for modern 

behavior analysis, the two-term reinforcement 

contingency (Skinner, 1938). If, for example, a 

laboratory rat presses a lever, it immediately is 

presented with food . What makes this a contingency is 

that the food is not presented if the rat does anything 

else . Within the limits of the deprivation state of the 

rat, the consequence (food) will affect the future 

likelihood of the behavior (pressing the lever). 

One of the major goals of behavior analysis is the 

control of behavior (Skinner, 1938). In order to 

control behavior, more is needed than simply the 

response-consequence relation described above . To 

accomplish this, the response-consequence relation can 

be placed under discriminative control. For example, in 

the presence of a red light, a response to the lever by 

the laboratory rat leads to food, and, just as important 

to the process of establishing discriminative control, 

in the presence of a green light, a response to the 

lever does not lead to food. The red light does not 

elicit the response; rather it activates the response

consequence (lever-food) relation. Thus, the 

probability of the occurrence of the two-term, response

consequence relation is selectively altered by the 
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discrimination training just described. The red light 

becomes the third term in a three-term contingency and 

as such is a part of the unit of analysis. This, the 

three-term contingency, is noted as the fundamental unit 

of stimulus control (Skinner, 1938). 

Beyond the analytic level of the three-term 

contingency, Sidman (1986) has conceptualized a 

hierarchy of contro l ling relations which specify 

different le v els of conditional stimulus control. For 

example, the three-term contingency itself can be placed 

under discriminative control. Using the same logic as 

in the expansion of the two-term contingency to the 

three-term contingency, Sidman (1986) refers to the 

three-term contingency under discriminative control as a 

four-term contingency. As shown in Table 1, the three

term stimulus, Sl, activates the two-term contingency , 

response-consequence relation, but, only in the presence 

of the fourth term stimulus, SJ. Also, S2 activates the 

two-term contingency, but only in the presence of S4. 

In practice, the four-term contingency describes 

the conditional discrimination, a representative example 

being the match-to-sample task (cf. Cumming & Berryman, 

1965). In the match-to-sample task, a subject is first 

presented with a sample stimulus to which, in whatever 

manner the contingency specifies, the subject must 

respond. Then, two or more comparison stimuli are 
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* Table 1 

A Balanced Four-Term Contingency (Conditional 

Discrimination) 

Four-Term 
Stimulus 

Three-Term 
Stimulus Response Consequence 

Sl --------- R ---------> SR+ 
SJ -------

S2 --------- R ----/----> SR+ 

Sl --------- R ----/----> SR+ 
S4 -------

S2 --------- R ---------> SR+ 

Note. *Adapted from Sidman (1986) 
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presented and the subject responds to one in order to 

obtain the reinforcer. Which choice is correct depends 

upon which sample is present. Such a procedure is 

widely used in the study of the conditional 

discrimination (Cumming & Berryman, 1965). 

The hierarchy of conditional control progresses 

with what Sidman (1986) refers to as the five-term 

contingency. At that level , the conditional control by 

a fifth-term stimulus is exerted over the entire four

term contingency. Thus, conditional discriminations 

themselves are under the conditional control of 

different stimuli. For example, as shown in the 

uppermost path of Table 2, the activation of the two

term contingency, in the presence of the third term 

stimulus, Sl, will only be activated in the presence of 

the fourth-term stimulus, SJ. Yet, this four-term 

contingency itself can only be activated in the presence 

of the fifth-term stimulus, S5. (Whether the four-term 

contingency remains "intact" in the absence of the 

fifth-term stimulus is an empirical question and a focus 

of the present research. As such, it will be discussed 

in greater detail later.) As is the case with the three

and four-term contingencies, a second case of the five

term contingency leading to reinforcement must be 

present in order to make the contingency conditional: 

hence the presence of S6 in Table 2. The five-term 

contingency is referred to as the unit of second-order 
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Table 2* 

The Five-Term Contingency 

Five-Term 

Stimulus 

Four-Term 

Stimulus 

Three-Term 

Stirrulus Response Consequence 

S1 --------- R ---------> SR+ 

S3 -------
S2 --------- R ----/----> SR+ 

SS · · · · · 

S1 --------- R ··· ·/·· ··> SR+ 

S4 -------
S2 --------- R ---------> SR+ 

S1 --------- R ····/····> SR+ 

S3 -------
S2 --------- R ----- ---- > SR+ 

S6 - - -- -

S1 --------- R ---------> SR+ 

S4 -------
S2 --------- R ····/····> SR+ 

Note. *Adapted from Sidman (1986) 
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conditional control (Sidman, 1986). The fifth-term 

stimulus, then, is the second-order stimulus. 

Although a large number of studies have 

investigated four-term contingency relations, only a few 

studies (Fucini, 1982; Lazar & Kotlarchyk, in press; 

Nevin & Liebold, 1966; Santi, 1978; 1982) have 

investigated five-term contingencies, and then not in 

arbitrary matching to sample. 

Within research investigating stimulus control 

factors in the four-term contingency, two maj or areas of 

focus are relevant to the present research: (a) 

controlling relations between stimuli; and (b) stimulus 

equivalence. The study of controlling relations 

involves ascertaining whether a relation between the 

sample and the correct comparison or a relation between 

the sample and the incorrect comparison or both is 

responsible for subjects' performances in a match-to

sample task. Stimulus equivalence refers to the 

functional equivalence between members of a class of 

stimuli as evidenced, in part, when sample stimuli 

become equivalent to their corresponding comparison 

stimuli. If they are equivalent, then the defining 

properties of equivalence--reflexivity, symmetry, and 

transitivity--will be evident (these properties are 

defined below). 
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Controlling Relations Within the Four-Term Contingency 

One focus within the study of conditional 

discriminations at the four-term contingency level has 

been to ascertain the sample-comparison relations that 

control responding in a match-to-sample task. Two 

relations that have been identified are the positive 

relation between samples and correct comparisons and the 

negative relation between samples and incorrect 

comparisons (Berryman, Cumming, Cohen, & Johnson, 1965; 

Dixon & Dixon, 1978; Stromer & Osborne, 1982). The 

positive relation describes the situation in which the 

sample acts as a cue for which one of the (several) 

comparisons is the correct choice. Under the negative 

relation, the sample acts as a cue for which comparison 

not to select. Whether one or both of these relations 

or "rules" controls responding has been the focus of 

some investigation. 

Berryman et al. (1965) trained pigeons to select 

the nonmatching comparison hue in a conditional 

discrimination where, of the two comparisons, one was 

identical to the sample and the other was different. 

After 20 sessions of this training, a novel color was 

substituted for the correct choice, i.e., the 

nonmatching hue. If the sample was instructing which 

comparison not to select (negative relation), then 

responding should not have been disrupted with this 
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change. If the sample was instructing only which 

comparison w~s the correct choice (positive relation), 

then responding would be incorrect. The results, which 

showed reduced correct responding, suggested that the 

sample functioned to instruct which comparison was 

correct and not to instruct which comparison was 

incorrect. 

Whi le only the pos i tive relation was evident in the 

results of Berryman et al. (1965), Dixon and Dixon 

(1978) sought to discover the negative relation in the 

control of conditional behavior of young children. In 

their first match-to-sample experiment, six preschool 

children were trained to choose one of two comparison 

stimuli that was identical in shape to the sample 

stimulus. After subjects met a criterion of 100% 

correct responding for one session, the schedule of 

reinforcement (correct feedback) was reduced to 33 % of 

correct trials until subjects met a criterion of 100% 

correct responding for two consecutive sessions. During 

one test session, eight probes were randomly 

interspersed among the training trials. The probe 

trials contained a novel stimulus that was substituted 

for the correct (identically matching) comparison. If 

the subjects had learned during training which of the 

comparisons not to respond to (the negative relation 

between sample and comparisons), then they should have 

demonstrated a high percentage of responding to the 



novel stimulus. For five of the six subjects, this was 

the result indicating the presence of a n~gative 

controlling relation between the sample and the 

incorrect comparison). However, Dixon and Dixon (1978) 

noted a potential confound between the presumed negative 

relation and the mere novelty of the substitute 

stimulus. Thus, in the second experiment, three 

preschool children were given identity matching training 

with additional stimuli. These additional stimuli were 

subsequently used as substitute stimuli. In this way, 

the substitute stimuli were not novel as in the first 

experiment. This controlled for the possibility that 

the subjects in the first experiment responded on the 

basis of stimulus novelty and not according to a 

relation between the sample and the incorrect 

comparison . The results were the same as in the first 

experiment: high rates of responding to the substitute 

stimuli. Thus, evidence for the existence of a relation 

between samples and incorrect comparisons was 

demonstrated for children. 

While Berryman et al. (1965) showed only a positive 

relation controlling the responding of pigeons, and 

Dixon and Dixon (1978) demonstrated the negative 

relation with young humans, Stromer and Osborne (1982) 

sought to demonstrate both the positive and negative 

controlling relations at the same time in an arbitrary 



match-to-sample task with developmentally delayed 

adolescents. In arbitrary match-to-sample, subjects are 

taught to respond to an arbitrarily designated 

comparison stimulus in the presence of a sample which is 

not physically identical (Cumming & Berryman, 1965). 

In a two-choice task, Stromer and Osborne (1982) 

first taught subjects to select comparison Bl in the 

presence of sample Al and to select B2 in the presence 

of A2. After subjects met a criterion of 95% correct 

responding under continuous reinforcement (correct 

feedback) conditions, the condition was changed such 

that reinforcement occurred on only 33 % of the trials. 

Then, various testing conditions were introduced. 

First, a test for symmetry of the sample and correct 

comparison was run in which unreinforced probes with the 

sample and correct comparison reversed were inserted 

into a baseline of training trials. Appropriate 

matching occurred to the probes. Next, a test for 

control by the sample--S+ (positive) relation was run. 

This consisted of probes containing the sample, the 

correct comparison, and a novel stimulus which had 

previously been determined to be most preferred against 

another novel stimulus in the presence of a sample. 

Control of the subjects' comparison selections by the 

positive relation would be demonstrated if the subject 

continued to respond to the correct comparison with a 

novel comparison substituted for the incorrect 
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comparison. (It is important to note that the use of a 

"most-preferred" novel stimulus as the incorrect 

comparison might actually bias responding away from the 

appropriate choice.) In addition, similar probes were 

inserted which tested the positive relation with the 

symmetrical sample-comparison relation. The results 

showed that virtually all responding occurred to the 

appropriate correct comparison. This suggested that the 

positive relation was in effect. 

Next, a test for control by the sample ands

(negative) relation was introduced. The probes for this 

test consisted of the sample, the incorrect comparison, 

and a novel stimulus which was previously determined to 

be the "least-preferred" in the presence of the sample. 

In this test, control of the subjects' choices by the 

negative relation would be demonstrated if the subjects 

responded to the novel comparison (away from the 

familiar incorrect comparison). The use of the least 

preferred novel stimulus in place of the correct 

comparison should bias responding away from that 

stimulus. The results showed that all subjects 

responded to the novel comparisons instead of the 

incorrect comparison stimulus. This suggested that the 

negative relation was controlling responding on these 

probes. 

In sum, within the four-term conditional 
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discrimination, positive and negative sample-comparison 

relations have been a focus of research using match-to

sample procedures. Berryman et al. (1965) did not find 

evidence of the negative relation using pigeons as 

subjects. This . is consistent with other studies using 

pigeons which suggest that the sample instructs only 

which comparison is correct and not which is incorrect 

(Cumming & Berryman, 1965; Farthing & Opuda, 1974 ; 

Urcuioli & Nevin, 1975). With human subjects, however, 

responding seems to be a function of both positive and 

negative sample-comparison relations (Dixon & Di x on, 

1978; Stromer & Osborne, 1982). 

Stimulus Equivalence Relations in the 

Four-Term Contingency 

Another area of study within the four-term 

conditional discrimination involves training subjects to 

demonstrate classes of equivalent stimuli. In order to 

demonstrate that the stimuli in a class are equivalent, 

training and testing must be arranged such that the 

controlling relations of reflexivity, symmetry, and 

transitivity are demonstrated (see Table 3) (Sidman et 

al., 1982; Sidman & Tailby, 1982). For example, 

reflexivity can be demonstrated only if the subject can 

match new stimuli to themselves without differential 

reinforcement or instructions, i.e., generalized 

identity matching. Symmetry requires that the subject 
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Table 3 

The Equivalence Relation* 

Equivalence Relation Properties 

Number Property Expression 

1. Reflexive aRa 

2. Symmetric if aRb, then bRa 

3. Transitive if aRb and bRc, 

then aRc 

Note. *R=relation. Throughout, discussion is of 

the equivalence relation in particular. 



show functional reversibility of the sample and correct 

comparison. If, for example, the subject was taught to 

match A to B then the subject must be able to 

demonstrate matching of B to A without instruction or 

differential reinforcement . Finally, if subjects are 

taught to match A to Band B to c, a transitive relation 

is demonstrated if C is chosen in the presence of A 

without instruction or differential reinforcement. Each 

of the foregoing relations is necessary to fulfill the 

requirement that the stimuli are related by equivalence. 

Sidman (1971) conducted the first study that showed 

the emergence of untrained behavior using an auditory

visual matching-to-sample task . Figure 1 shows a 

schematic representation of the basic equivalence 

paradigm. The subject, a retarded adolescent boy, 

entered the experimental situation able to select 20 

pictures conditionally given each of 20 corresponding 

dictated picture names. 

labelled AB in Figure 1. 

This is represented by the line 

The subject was then taught to 

select 20 printed names conditionally given each of the 

20 dictated picture names (AC in Figure 1). Given the 

training of AB and AC the subject was then able to match 

the pictures to their appropriate printed picture names 

(BC) and the printed names to the pictures (CB) in probe 

tests for transitivity. The transitive relation is 

termed emergent or derived because it has not been 
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Figure 1. Basic stimulus equivalence paradigm. Trained 
relations (solid lines) and untrained relations (dashed 
lines) are shown between different stimuli. 
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taught directly. The training in Sidman (1971) resulted 

in the formation of 20 three-member classes of 

equivalent stimuli. This study was replicated by Sidman 

and Cresson (1973) with two severely retarded boys. 

The study by Sidman (1971) demonstrated 20 separate 

classes of equivalent stimuli. As shown by the broken 

arrows in Figure 1, tests were conducted for both CB and 

BC. This constituted a combined test for symmetr y and 

transitivity since the CB relation was tested in re v erse 

(BC) and both represented tests for the unlearned 

transitive relation resulting from AB and AC training. 

A number of studies investigating stimulus equivalence 

using Sidman's (1971) basic equivalence paridigm have 

since been conducted. For example, Sidman and Cresson 

(1973) trained auditory-visual matching with t wo 

severel y retarded subjects. Unlike Sidman (1971) where 

AB and AC training was followed by BC and CB tests for 

transitivity (see Figure 1), Sidman and Cresson (1973) 

first trained the AB and BC relations. The remaining 

relations did not emerge with only AB training but did 

emerge with BC training. This demonstrated the 

necessity of training two of the three possible 

relations before an equivalent class of stimuli will 

emerge. 

One notable feature of the above studies was that 

each achieved equivalence classes using auditory and 

visual stimuli. A number of other studies (Dixon, 1978; 
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Dixon & Spradlin, 1976; Sidman, Kirk, & Willson-Morris, 

1985; Sidman & Tailby, 1982; Spradlin & Dixon, 1976) 

have trained equivalence classes using auditory-visual 

matching. Would conditional discrimination training 

result in equivalence classes if all stimuli used were 

visual? Spradlin, Cotter, and Baxley (1973) trained 

mentally retarded adolescents to match nonidentical 

forms. Using only these visual stimuli, untrained 

relations emerged. In the second experiment of Stromer 

and Osborne (1982) (discussed earlier), mentally 

retarded subjects were trained on two conditional 

relations. Each of the two relations trained contained 

one element in common with the other. Probes for 

transitivity showed most of the subjects demonstrated 

the emergent relations. 

A number of studies have investigated methods of 

expanding stimulus classes through transitive relations. 

For example, Sidman and Tailby (1982) trained normal 

children to select three Greek letters from Set Band 

three Greek letters from Set C conditionally given three 

dictated names in Set A. Given this training, a 

transitive relation between the Band C stimuli and 

three equivalent classes of ABC stimuli would be 

possible. In addition, the subjects were trained to 

select three Greek letters in Set C conditionally given 

a fourth set of Greek letters, Set D. The question was 
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whether the stimuli in the fourth set, D, would become 

incorporated into the ABC class of stimuli as a result 

of conditional discrimination training to C. This was 

confirmed by the subjects' performances on probes for 

the remaining relations: three, 4-member classes of 

stimuli (ABCD) were formed. 

Also with children , but using all visual stimuli 

(Greek and Hebrew letters), Lazar, Davis-Lang, and 

Sanchez (1984) initially trained AD and DC relations. 

Testing for the untrained AC and CA relations 

established a three-member class of stimuli (ADC). As 

in Sidman and Tailby (1982), a fourth set of stimuli (E) 

was added by training the ED relation. This training 

established the ACDE class of equivalent stimuli. 

Finally, a fifth set of stimuli (B) was added by 

training the CB relation. Tests for the remaining 

transitive and symmetric relations showed that the 

training was successful for two of the subjects. With 

additional training and tests, two other children 

eventually demonstrated the remaining relations. This 

study demonstrated that training four relations resulted 

in the emergence of twelve symmetric and transitive 

relations. 

With this type of conditional discrimination 

training, the classes could theoretically be expanded to 

n equivalent stimuli. Logically, as class size 

increases, there is a geometrical increase in the number 
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of possible emergent relations (Fields, Verhave, & Fath, 

1984). This increase was demonstrated with addition of 

a fourth member of the class ( Lazar et al. 1984; 

Sidman & Tailby, 1982) and the fifth member of the class 

(Lazar et al., 1984). 

Another approach to expanding classes with emergent 

relations was demonstrated in a study by Sidman, et al., 

(1985) (see Figure 2). Using three sets of stimuli, A 

(spoken names), B (upper-case Greek symbols), and C 

( lower - case Greek symbols) with three sti mul i p e r set, 

Sidman et al. (1985) first trained AB and AC matching 

with normal children and adults. If the relations among 

these stimuli were equivalent, then three, 3-member 

classes, ABC, would be demonstrated. The subjects did in 

fact demonstrate such relations. Subsequentl y , with 

three different sets of stimuli, D (spoken names), E 

(upper-case Greek symbols), and F (lower-case Greek 

symbols), Sidman et al. (1985) trained DE and OF 

relations with the same subjects. This established a 

second group of three, 3-member classes of stimuli, DEF. 

Could the two classes of stimuli, ABC and DEF be 

combined into a single, 6-member class with minimal 

training? The procedure for accomplishing this was to 

train subjects to choose c stimuli conditionally upon 

the presence of E stimuli. The two groups of stimuli 

were successfully combined with this procedure for five 

28 



B 
/!t 

A~~i 
c 

i 
E 

/1+ 
0 ~ii 

F 

29 

Figure 2. Two three-member classes of equivalent stimuli 
linked in Sidman et al. (1985). Classes ABC and DEF were 
linked by training the relation EC to form one large class, 
ABCDEF. (Adapted from Sidman et al. 1985) 



of eight subjects. Thus, two classes of three stimuli, 

ABC and DEF, became one class, ABCDEF, by 11 linking 11 the 

two classes through the conditional discrimination 

training of members from each class, c and E. 

Summary. Within the level of the four-term 

contingency, the stimulus equivalence procedure has 

proven to be a powerful technique in the development of 

new controlling relations without explicit training. As 

shown , this procedure has been successfully used with 

retarded humans to teach rudimentary reading 

comprehension (Sidman, 1971; Sidman & Cresson, 1973; 

Sidman, Cresson, & Willson-Morris, 1974). Also, Sidman 

and Tailby (1982) and Lazar et al. (1984) and Sidman et 

al. (1985) demonstrated that stimulus equivalence 

procedures which expand the number of elements in a 

class produce many more relations than were explicitly 

taught. The stimulus equivalence procedure at the four

term contingency level has also been used to train a 

number of applied skills such as solving math problems 

and coin equivalences (e.g., Gast et al., 1979; 

McDonagh et al., 1984) as well as conceptual behavior in 

humans (Green, Serna, & Osborne, 1985; Spradlin & 

Dixon , 1976). 

Second-Order Conditional Control 

Recall that in the five-term contingency (the unit 

of second-order control) the four-term, conditional 
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discrimination is itself under conditional, or second

order control. Only a few studies have demonstrated 

such control using second-order conditional 

discrimination procedures. Moreover, the procedures and 

goals of the studies have varied. 

Santi (1978) taught pigeons to choose identical or 

nonidentical stimuli as a function of the presence of a 

second-order stimulus. Using different hues as stimuli, 

the subjects were required to respond to a sample key. 

This was followed by the presentation of i dentical and 

nonidentical hue stimuli on the comparison keys. Also, 

one of two line orientations was superimposed on each of 

the comparison keys. Depending on which line 

orientation was present, the subjects were required to 

choose either the identical or nonidentical hue 

comparison. The pigeons successfully learned this task 

in 80 to 90 sessions of 288 trials each. Thus, the 

four-term conditional discriminations of matching and 

nonmatching were under the second-order control of the 

line orientations. These findings were replicated in 

the first experiment of Santi (1982). Similar findings 

with identical and nonidentical stimuli have been 

demonstrated using the presence or absence of a yellow 

light (Nevin & Liebold, 1966). 

While these studies represent a chain of responding 

procedurally consistent with the notion of the five-term 
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contingency, it is not likely that the pigeons were 

demonstrating conditional control of "matching" or 

"oddity" relations. Though not an explicit part of the 

studies just reviewed, an important test would have been 

to determine if generalized "matching" or "oddity" 

occurred under the conditional control of a second-order 

stimulus. The likelihood is that this would not have 

occurred given the Berryman et al. (1965) demonstration 

that pigeons use onl y S+ rules. The demonstration of 

five-term contingencies--four-term units controlled 

conditionally by a second-order stimulus--has, to date, 

not been demonstrated in humans or with arbitrary match

to-sample procedures. 

Given Sidman's (1986) notion of second-order 

conditional control over four-term contingencies, the 

question arises as to whether this type of conditional 

control can be exerted over equivalence relations. Only 

two studies have examined equivalence classes in 

conjunction with second-order conditional control 

(Fucini, 1982; Lazar & Kotlarchyk, in press). Lazar 

and Kotlarchyk (in press) established two classes of 

equivalent stimuli through a match-to-sample task. In 

Phase 1, subjects were taught to respond to four Greek 

letters given the presentation of a red hue. Subjects 

were also taught to respond to four different Greek 

letters given the presentation of a green hue. Phase 2 

testing established the fact that two classes of five 
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stimuli each (four Greek symbols and one hue in each 

class) were formed. In Phase 3, the subjects were 

trained to respond to the red and green stimuli in 

sequence, i.e., red then green, or green then red. 

Which sequence was correct depended on which of two 

tones was present. In Phase 4 testing, subjects were 

presented with a Greek letter from each of the two 

classes in the presence either Tone 1 or Tone 2. The 

results showed that the subjects responded to the Greek 

letters in the same sequence as the corresponding class

member hues depending on which tone was present. Lazar 

and Kotlarchyk (in press) described the untaught 

sequence behavior as being under second-order control. 

Recall that in Sidman and Tailby (1982), 4-member 

classes (ABCD) were formed by training AB AC and CD. 

Viewing this class from a different perspective, it 

could be conceptualized as two classes, ABC and ACD, 

that have the stimuli A and C in common. In practice, 

as noted from the results of Sidman and Tailby (1982), 

ABC and ACD function as only one class. Given this 

perspective, Fucini (1982) posed the following 

questions: (1) Will two classes that have a single 

stimulus in common merge into one large class; and (2) 

are there procedures that would make the two classes of 

stimuli function separately, even if they have a 

stimulus in common? Using second-order conditional 
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control procedures, Fucini (1982) was able to accomplish 

this. 

In the first Experiment (see Figure 3), Fucini 

trained five children and one adult to respond to Bl and 

Xl given Al (see upper set of classes in Figure 3). 

Correspondingly, they were trained to choose X4 and F4 

given E4 (lower set of classes in Figure 3). X4 and Xl 

were the same stimulus. Thus , Fucini (1982) 

conceptualized this as two separate classes of stimuli 

containing one stimulus in common (X). She also trained 

subjects to respond to two classes of stimuli with no 

element in common (A2,B2,C2 and E3,D3,F3). The results 

from Sidman and Tailby (1982) would predict that the 

classes that had X in common would form a larger 6-

member class and that the classes that had no stimuli in 

common would remain separate. The results showed this 

to be the case. 

In the second experiment, second-order conditional 

discrimination procedures were introduced with four new 

subjects (children) to produce separate classes from two 

that had a stimulus in common. This procedure is shown 

in right-most set of classes in Figure 4. The left-most 

sets of classes are identical to those in Figure 3. 

The right-most set of classes contains trials that are 

not simple conditional discriminations. Rather, they 

are second-order conditional discriminations because the 

correct choice depends on the sample and a specific 
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Figure 3. Two sets of stimuli trained in Experiment 1 of 
Fucini (1982). (Adapted from Fucini, 1982) 
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Figure 4. Second-order training procedures (right-most set 
of stimuli) from Experiments 2 and 3 of Fucini (1982). 
(Adapted from Fucini, 1982) 



incorrect comparison. In these trials, Al and E4 are 

conditionally related to different stimulus 

configurations containing X. If the stimulus control by 

Al and E4 differs, then a relation between them would 

not be expected to develop. Thus, the classes Al,Bl,Xl 

and E4,X4,F4 should prove functionally different even 

though they have X in common. Results from testing for 

transitive relations between all the stimuli showed this 

to be the case for four out of five subjects: two 

functionall y separate classes with one element in common 

emerged (Fucini, 1982). 

In the third experiment, the same p r ocedure was 

used to separate the 6-member class of stimuli 

established in Experiment I into two, functionally 

separate, 3-member classes with one element in common. 

The results showed that this procedure was successful 

for the children but not the adult subject. 

One additional study attempted to examine second

order control of conceptual behavior. In the first two 

experiments (run concurrently), Green (1985) trained 

four- and five-year old normal children to respond 

correctly in an identity match-to-sample of colors and 

shapes in the presence of a superordinate, "contextual" 

stimulus. For example, in a typical trial, a subject 

was presented with the word, "RED" (the superordinate 

stimulus) on · a plexiglass key. A response to this 
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stimulus produced a single red sample stimulus on a 

different key. A response to the red sample produced 

two comparison stimuli on two additional comparison 

keys. The comparisons were the color red and the color 

blue. A response to the color red on the comparison key 

resulted in reinforcement (tokens) while a response to 

blue in this trial would result in a blackout and the 

re-presentation of the trial. Similar trials with 

appropriate superordinate stimuli were presented for the 

color blue (e.g., superordinate stimulus= BLUE) and the 

shapes, circle and triangle. In the above cases, the 

superordinate stimuli were termed "instance" words. 

The subjects also received trials in which 

"concept" words such as "COLOR" and "SHAPE" served as 

superordinate stimuli. For example, when COLOR was the 

superordinate stimulus, and the color red was the 

sample, and the color blue and a triangle were the 

comparison stimuli, a response to the color blue was 

reinforced. When the word SHAPE was the superordinate 

stimulus, the choice between a triangle and the color 

blue was reinforced when the sample was a circle. This 

type of training trial, combined with those described 

earlier produced training trials in which an identity 

match was reinforced in the presence of an "instance" 

word while an arbitrary match (e.g., circle and 

triangle) was reinforced in the presence of the 

"concept" word. 
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Given this training, the experimental question was 

whether the concept and instance words, by virtue of 

their contiguity with the samples, would alone come to 

control correct responding. In order to answer this 

question, probes were inserted into the training 

baseline that consisted of the concept or instance words 

as samples and appropriate stimuli. For example, would 

the subject correctly respond to a triangle versus the 

color blue given only the concept word "SHAPE"? Also, 

would the subject correctly respond to the color blue 

over the color red given only the instance word "BLUE"? 

The results showed that only one of the five 

subjects responded above chance levels to these probes. 

In other words, no relation was formed between the 

concept or instance words and the samples. This was 

evidence of the lack of emergence of the nominally 

transitive relation between the superordinate stimuli 

and the comparisons. In discussing the results, Green 

(1985) noted that the superordinate stimulus, in every 

trial, was a redundant stimulus. In other words, the 

subjects did not have to attend to the superordinate 

stimulus in order to make a correct choice between the 

comparison stimuli: only the sample was necessary. 

Hence, the mere contiguity of the superordinate stimulus 

was not sufficient to produce "contextual" control. 

From the studies that have used conditional 

39 



discrimination procedures under the control of a second

order conditional stimulus, i.e., a five-term 

contingency, the following can be concluded. First, 

within the identity and nonidentity matching task, it is 

possible to control the respective matching performance 

via second-order control of the four-term contingency 

(five-term contingency control) (Nevin & Liebold, 1966; 

Santi, 1978, 1982). The second-order stimulus seemed to 

function as an "instructing" stimulus as to whether 

identity or nonidentity matching would lead to 

reinforcement. It appears that such instructional 

control must come from a stimulus that is conditionally 

related to the four-term contingency (Green, 1985). 

Second, it is possible to control untaught sequencing 

behavior via second-order control (Lazar & Kotlarchyk, 

in press) . Third, Fucini (1982) demonstrated that two 

classes of stimuli, each containing a stimulus in 

common, can function separately as a result of second

order training procedures. 
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EXPERIMENT 1-A 

Experiment 1-A addressed three experimental 

questions. First, can control of subjects' responses be 

described by positive or negative relations or both in a 

five-term contingency match-to-sample task? Second, 

within a five-term contingency match-to-sample task, can 

the existence of four-term contingency relations in the 

absence of the second-order stimulus be inferred? 

Third, if such four-term relations can be inferred, can 

t he e xi stence of transitive relations that appear only 

in the absence of the second-order stimulus also be 

inferred? 

The top part of Figure 5 labeled Training, shows 

the minimum logical training conditions necessary to 

produce a second-order conditional discrimination. 

Specific second-order relations are represented in the 

text and tables with letters corresponding to the 

second-order stimulus, sample, and comparisons in 

parentheses with an asterisk marking the correct, 

reinforced comparison. For example, the first relation 

in the upper part of Figure 5 would be denoted, X-A(C* 

B). The bottom part of Figure 5 is a conceptual 

diagram of the potential, resulting second-order 

relations. 

In order to address the first experimental 

question, subsequent to the training of the four second-
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TRAINING 
TRIAL -TYPES 

CONCEPTUAL 
DIAGRAM 

x x 
A D 
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B c B c 
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c 
X-A/ 

Figures. Second-order conditional discrimination 
training and conceptual result of relations. 
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order relations as shown in Figure 5, probes were 

introduced that tested for a positive relation between 

the second-order stimulus, the sample and the correct 

comparison. These probe trial-types, adapted from 

Stromer and Osborne (1982), contained a most-preferred 

novel stimulus as an incorrect comparison. For example, 

in X-A(C Nmp) , Nmp was the most preferred novel stimulus 

as assessed in previous probe conditions. Comparison C 

was scored as a correct response though no feedback was 

provided to the subject. By using a most-preferred novel 

stimulus as an incorrect comparison , responding was 

actually biased away from the potential positive 

relation. 

Probes for negative relations included the 

incorrect comparison and a least-preferred novel 

st i mulus as in X-A(B Nlp). Responding to the least

preferred novel stimulus would indicate that the subject 

responded away from the incorrect comparison and that a 

negative stimulus relation could be inferred between X 

and A and B. If responding was equally distributed 

between the two choices in either of the above cases, 

then the likelihood would be less that responses were 

being controlled by positive or negative relations. 

The second experimental question concerned the 

possible existence of four-term relations in the absence 

of the second-order stimulus. In order to address this 

question, the four-term relations were presented alone 
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(i.e., with no second-order stimulus) in probe trials. 

For example, A was presented as the sample with Band C 

as comparisons. This is denoted as 0-A(B C). Also 

presented 0-D(B C). The question was whether the 

subjects would distribute their responding evenly 

between the comparison stimuli. If so, there are two 

separate explanations that could account for such a 

result: first, subjects could respond at random to the 

two comparisons because no relations exist between 

either of the . comparisons and the sample in the absence 

of the second-order stimulus; second, subjects could 

respond equally to the two comparisons because each of 

the comparisons is in a separate relation with the 

sample as a result of the second-order training, i.e., 

the four-term relations AB, AC, DB, and DC remain 

"intact" in the absence of the second-order stimuli. 

Thus, the trial-type, 0-A(B C), establishes two 

competing relations. 

In order to separate these two explanations, probe 

trials were run in which Band C were presented 

separately from one another as comparisons with A and D 

as samples. Incorrect comparisons consisted of most 

preferred novel stimuli (see method). For example, B 

and C were separated in the trial-types, 0-A(B Nmp) and 

0-A(C Nmp). Responses to each of these trial-types would 

indicate that the controlling relations exist in the 
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absence of the second-order stimuli. Chance level 

responding or responding solely to the novel stimuli 

would indicate no relations in the absence of the 

second-order stimuli. If the latter is the result, then 

probing the same relations with the appropriate second

order stimuli should result in appropriate performance. 

The third experimental question considered further 

the possible result that the four-term relations, AB, 

AC, DB, and DC existed in the absence of the second

order stimulus. If these relations exist, then 

logically Band Care linked transitively to one another 

through both A and D. Logically, also, A and Dare 

transitively linked. Thus, in the absence of the 

second-order stimulus, all of the stimuli should be 

equivalent . Probes that assessed this possibility were 

run. 

Specific procedures for accomplishing the training 

and testing are described below. 

Method 

Subjects 

Three normal adults served as subjects. Subjects 

were recruited through introductory psychology classes 

at Utah State University. Subject 1 was a 19-year-old, 

female, sophomore. Subject 2 was an 18-year-old, male, 

freshman. Subject 3 was a 19-year-old, male, sophomore. 

Subjects did not begin the study until a consent form 
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was signed stating that: the payment procedures 

(described below) were understood; they could withdraw 

from the study at anytime; and, that they would be 

fully debriefed at the conclusion of the study. 

Apparatus and Stimuli 

An Apple IIe microcomputer presented visual stimuli 

on a black and white monitor and controlled all 

experimental events. 

joystick, a 4 in. X 4 

The response manipulandum was a 

in. box with a 2 1/2 in. lever 

protruding upward and a button to the left of the lever. 

The joystick allowed the subject to manipulate graphic 

arrows on the monitor. A response was defined when the 

arrows were placed to the side of the chosen stimulus 

and the button was pressed. The microcomputer monitor 

was located 18 in. from the front edge of the table at 

which the subject sat. The space between the edge of 

the table and the monitor was where the joystick was 

located. No computer keyboard was visible to the 

subject. 

The stimuli used in Experiment 1-A are shown in 

Figure 6. For clarity of exposition, stimulus relations 

are referred to by their corresponding alphabetic 

letters and/or numbers. 

General Procedures 

Subjects were seated at a table facing the 
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microcomputer. Using the three-stimulus trial-type in 

Phase 1 (described below), the experimenter described 

and demonstrated the use of the joystick. The subject 

was then instructed to responq to the stimuli on the 

monitor using the joystick. During this session, any 

questions from the subject regarding the use of the 

manipulandum were answered. 

Experimental task. The task in this experiment 

was a visual-visual, four-stimulus trial-type, 

simultaneous second-order conditional discrimination 

(match-to-sample). The stimulus positions on the screen 

are shown in Figure 7. A session and trial began when a 

stimulus appeared on the screen in the area labeled 

"second-order stimulus" except during conditions where 

no second-order stimulus was present. A response 

occurred when the subject manipulated the graphic arrows 

beside any portion of the stimulus on the screen and 

pressed the button located left of the joystick. Such a 

response produced the sample while the second-order 

stimulus remained on the screen. A response to the 

sample produced the two comparison stimuli while the 

sample and second-order stimulus remained on the screen. 

The positioning of the correct and incorrect comparisons 

on either the left or right hand positions of the screen 

was at random. 
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Figure 7. Position of stimuli on computer screen 
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Feedback procedures. Two feedback conditions were 

used in Experiment 1-A: 100% feedback and 25 % feedback. 

During the 100% feedback condition, a correction 

procedure was in effect. This consisted of the 

following: If the subject responded to the correct 

comparison on the first try, the configuration on the 

screen was replaced with the word "CORRECT", centered on 

the screen. On the line below the word "CORRECT" was a 

points-counter that read, "POINTS " followed by the 

number of points accumulated thus far. This message 

remained on the screen for two seconds followed by a 

two-second blackout and the presentation of the next 

trial. Each response to the incorrect comparison 

produced a three-second blackout followed by the re

presentation of the same entire stimulus configuration. 

This procedure was repeated if the subject continued to 

respond to the incorrect comparison. Once a correct 

response occurred on this trial, the word "CORRECT" 

appeared on the screen, but no points were awarded; 

"POINTS=" did not appear. Thus, the subject could 

only earn points if he/she responded correctly on the 

first try. During the 25% feedback condition, there was 

a .25 probability that a given correct response would 

result in correct feedback as described above. 

Responses to the correct comparison that did not result 

in correct feedback and responses to incorrect 

comparison stimuli were followed by a two-second 
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blackout of all stimuli before the next trial was 

presented. Thus, no correction procedure was in effect. 

When the session was over, the words, "SESSION OVER" 

appeared on the screen. Under this was a line which 

read, "POINTS EARNED=" and the number of points earned 

for that session. During the 25 % feedback condition, 

total points possible were reduced by 75 %. 

Dependent measure. The dependent measure used i n 

this experiment was the frequency of responses to 

comparison stimuli conditional upon certain sample and / 

or second-order stimulus combinations. Frequencies were 

summarized and / or converted to percentages based on 

correct responding or experimenter-defined t ypes of 

response patterns. 

Sessions. Each session consisted of 80 trials. 

Each session day was 45-50 minutes in length which 

allowed approximately five, 80-trial sessions. 

Subject payment. During 100% correct feedback 

conditions, subjects received pay at the rate of one 

cent to each four correct choices (i.e., $.20/session 

possible). Payment was made at the end of each day of 

sessions. Some subjects opted for end-of-the-week 

payment. For these subjects, the total number of points 

earned that day was reported to them at the conclusion 

of the sessions for that day. During the reduced 
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feedback condition (see below), subjects received one 

cent for each correct choice. Subjects also received a 

bonus of $20 if they completed the experiment to its 

conclusion. All of the above was clearly outlined to the 

subject before he/she agreed to participate. 

Specific Training Procedures 

Pr~training. In order to assess the subjects' 

ability to match the stimuli to themselves, stimuli A 

through D, (see Figure 6) were used in an identity 

match-to-sample procedure. Specifically, each stimulus 

used appeared as a sample with an identical stimulus in 

one comparison position and a remaining randomly chosen 

non-identical stimulus in the other comparison position. 

The second-order stimulus position was not used here. 

The subject was instructed to choose the shape that went 

with the one in the middle. The experimenter 

demonstrated the use of the joystick. During this phase 

feedback was 100% and the correction procedure was in 

effect. The subject was required to reach a criterion 

of 100% correct for one session before moving to the 

next condition. 

Training. Training proceeded in a·bidirectional 

fashion, i.e., each correct comparison appeared as a 

sample and each sample appeared as a correct comparison. 

For Experiment 1-A, the relations, X-A(B C*), X-D(B* C), 
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Y-A(B* C), and Y-D(B C*) and their symmetrical 

counterparts, X-C(A* B), X-B(D* C), Y-B(A* C), and Y

B(D* C), were trained to criterion (see Figure 5). 

All eight configurations (the four relations and their 

symmetrical counterparts) were presented in each 

session. Criterion for learning the training task was 

90% or better correct responding for two 80-trial 

sessions. When correct responding was 90% or greater to 

two eight-configuration sessions, the probability of 

correct feedback was lowered to 25% as long as correct 

responding remained at 90 % or greater. If correct 

responding fell below 90%, then the percentage of 

feedback for correct responses was increased to 100 % and 

the procedure for lowering it was repeated. 

Probe Test Procedures 

General probe procedures. In each of the probe 

sessions, twenty-four unreinforced probe configurations 

were randomly inserted into a baseline of eight

configuration (training) review trials. Feedback for 

correct responses to the baseline training trials-trials 

was 25%. A criterion of 90% correct responding or 

better on the baseline training trials was required in 

order to continue probe testing. The correction 

procedure was never in effect during probe sessions. No 

instructions were given that introduced the probe 
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sessions nor were instructions given that introduced 

those probes that did not use the second-order stimulus. 

The specific probe tests are shown in Figures 8 and 9. 

The different probe tests (described below) were 

designed to test different experimental questions and 

hypotheses. Preceding each test that used novel stimuli 

as comparisons, a test for preferences of those stimuli 

in the presence of a given sample or sample and second

order stimulus combination was conducted. Subsequent 

tests used the novel stimulus (most- or least-preferred) 

that should bias responding against specific sample or 

sample and second-order stimulus control. Sequences of 

tests for preference of novel comparisons and tests for 

stimulus control were always replicated. The order of 

presentation of the probe tests and the number of 

sessions run with each probe test was almost identical 

from subject to subject. The order of presentation of 

the probe tests and the number of sessions run with each 

is shown in Table 4. 

Test 1: Preference for novel comparisons. This 

test was designed to determine the most- and least

preferred of two novel comparison stimuli in the 

presence of each familiar sample/second-order stimulus 

combination (cf. Stromer & Osborne, 1982). The results 

of this test were used to create the configurations in 

Test 2. For example, trials in Test 1 took the form, X-
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Figure 8. Probe trial-types for Tests 1-4, 
Experiment 1-A 
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Table 4 

Order of Probe Tests and Number of Sessions Run for 

Each Subject 

Probe Test Number (Number of sessions) 

Subjects 

1 2 3 

1. ( 2) 1. ( 2) 1. ( 2) 

2. ( 2) 2. ( 2) 2. ( 2) 

1. ( 2) 1. (2) 1. ( 2) 

2 . ( 2) 2. ( 2) 2. ( 2) 

3 • ( 2) 3. ( 2) 3 • ( 2) 

4. ( 2) 4 . (2) 4 . (2) 

3 . ( 2) 3 . ( 2) 3 . ( 2) 

4. ( 2) 4 • ( 2) 4. ( 2) 

5. ( 1) 5. (1) 5. ( 1) 

6. ( 1) 6. (1) 6. ( 1) 

7. ( 2) 7. (2) 7. ( 1) 

6. (1) 6. ( 1) 7 . ( 2) 

7. ( 2) 7. ( 2) 6. (1) 

8 . ( 2) 8. (2) 7 . ( 2) 

9. ( 2) 9. ( 2) 8. ( 2) 

10. (2) 10. ( 2) 9. ( 2) 

9. (2) 9. ( 2) 10. ( 2) 

10. ( 2) 10. ( 2) 9. (2) 

11. ( 2) 11. (2) 10. ( 2) 

11. ( 2) 



A(Nl N2), where Nl and N2 were two different novel 

stimuli. (see Figure 8). Each probe in Test 1 was 

presented three times per session. Two sessions of 

probes from Test 1 were presented to all subjects per 

sequence. 

Test 2: Control by matching stimuli with novel 

comparisons. These probes tested for control by 

positive stimulus relations. Specifically, did the 

subjects respond to the correct familiar comparison even 

when the other choice was a most-preferred novel 

stimulus? Trials took the form, X-A(C Nmp), where Nmp 

was the most preferred novel stimulus in presence of X 

and A. The preference was determined by totalling the 

number of responses made to a given novel stimulus over 

the two sessions run in Test 1. If an equal number of 

responses occurred to the two novel stimuli, then one of 

the two stimuli was randomly selected to be used with 

that trial-type for the duration of Test 2. A new novel 

stimulus would be chosen either randomly or by 

preference when Test 1 was replicated. (This procedure 

was used throughout Experiments 1-A and 1-B.) Use of a 

most-preferred novel stimulus from the previous 

preference test should bias responding away from the 

correct comparison. Responses to the familar correct 

comparison were scored as correct. Each probe in Test 2 

was presented three times per session. Two sessions 
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with probes from Test 2 were presented to all subjects 

per sequence. The sequence of Test 1 and Test 2 was 

replicated for all subjects (see Table 4). 

Test 3: Preference for novel comparisons. This 

test was identical to Test 1 except that new novel 

stimuli were used. Figure 8 shows that this test 

preceded the test for control by nonmatching stimuli 

with novel comparisons. 

Test 4: Control by nonmatching stimuli with novel 

comparisons. This test assessed control by negative 

stimulus relations (see Figure 8). Specifically, did 

the subjects respond away from the familiar, incorrect 

comparison even though the other comparison was one that 

was the least-preferred from the previous preference 

test? These probes took the form, X-A(B Nlp), where the 

comparisons were a familiar incorrect choice in the 

presence of the second-order stimulus and sample, and a 

least-preferred novel stimulus. Use of a least

preferred novel stimulus should bias responding toward 

the incorrect comparison. Responses to the least

preferred novel stimuli were scored as correct. Two 

sessions each of Test 4 were run for each subject per 

sequence. The sequence of Test 3 and Test 4 was 

replicated for all subjects (see Table 4). 
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Test 5: Potential competing relations. Test 5 was 

designed to assess the possibility that equal choice of 

Band C would occur when they appeared as comparisons 

together in the absence of the second-order stimulus 

(see Figure 9). Each probe in Test 5 appeared 12 times 

per session. One session with probes from Test 5 was 

run for all subjects per sequence (see Table 4) . 

Test 6: Preferences for novel comparisons. Test 6 

was designed to determine the most- and least-preferred 

of two novel comparison stimuli in the presence of the 

familiar stimuli, A and D (see Figure 9). No second

order stimuli were present. For example, trial-types 

took the form, O-A(N9 NlO). One session of Test 6 

probes was run for each subject per sequence. 

Test 7: Control by sample without second-order 

stimulus. This test was designed to separate the two 

hypotheses for the expected chance level responding in 

Test 5. The four-term relations, AB, AC, DB, and DC are 

correct matches in the presence of the appropriate 

second-order stimuli, X and Y (as in the baseline 

trials). However, in Test 7, the second-order stimulus 

was removed. Thus, Band c, presented together as 

comparisons in Test 5, were presented separately with A 

and Das samples in Test 7. Whichever novel stimuli 

were determined from the preceding preference tests to 

be the most-preferred in the presence of a given 
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familiar sample (see Figure 9) were used as the 

incorrect comparisons as in the trial-type, 0-A(B Nmp). 

This should bias responding toward the novel stimulus. 

Responses to the familiar comparisons were scored as 

correct. Correct responses would indicate that the 

four-term relations AB, AC, DB, and DC remained "intact" 

in the absence of the second order stimulus. Each probe 

in Test 7 appeared six times per session. Two sessions 

of Test 7 were run for each subject per sequence. The 

sequence of Test 6 and Test 7 was replicated once for 

each subject (see Table 4). 

Test 8: Control with appropriate second-order 

stimulus. This test was identical to Test 7 except that 

the appropriate second-order stimulus from training 

appeared. This test served as a control for Test 7. If 

responding to Test 7 was at chance levels, indicating 

that no four-term relations existed in the absence of 

second-order stimuli, then responses to Test 8 probes 

should be correct because the second-order stimulus is 

present. Two sessions with probes from Test 8 were run 

with each subject. 

Test 9: Preference for novel stimuli. This was a 

new preference test using familar samples with no 

second-order stimulus from which the novel comparisons 

used in Test 10 and 11 were derived. 
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Tests 10: Potential transitive relations without 

second-order stimulus. This test assessed potential 

transitive relations between the four-term stimuli in 

the absence of the second-order stimulus (see Figure 9). 

Most-preferred stimuli from Test 9 were used as 

incorrect comparisons. Two sessions of probes from Test 

10 were run per sequence . The sequence of Test 9 and 

Test 10 was replicated once for each subject. 

Test 11 : Control test for familiarity. These 

probes were designed to cont r ol against a bias to ward 

the familiar comparison stimuli in Test 10. This test 

was similar to Test 10 except that a second-order 

stimulus was added for each trial-type. In addition, 

the least preferred novel stimulus from the most recent 

presentation of Test 9 preference probes was used to 

bias responding toward the familiar comparisons. If 

responding correctly to probes from Test 10 is a 

function of familiarity only, then responding to the 

familiar stimuli should occur for Test 11 as well. 

Otherwise, responding should be at chance levels or 

toward the novel comparisons during Test 11 probes. 

Results and Discussion 

Identity Matching and Training 

All subjects performed the eight-trial identity

matching task at 100% accuracy. 
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The results of training for Subjects 1, 2, and 3 

are shown in Table 5. Subjects 1 and 3 both responded 

with greater than 90% accuracy by the end of the second 

session. For these subjects, high percentages of 

correct responding continued through reduced feedback. 

For Subject 2, however, 90% or better correct responding 

did not occur until the ninth session and the criterion 

for introducing probes was not met until the thirteenth 

session. No explanation for the discrepancy between the 

subjects is immediately apparent. 

Probe Tests 

Tables 6, 7, and 8 show the results of all probe 

tests for Subjects 1, 2 and 3 respectively. Each probe 

test appears in the actual order in which it was run. 

For those tests in which responses were scored as 

correct, a percent correct has been calculated from the 

sessions run for that test. The numbers in parentheses 

show the number of sessions each probe test was run. 

Below each comparison in the stimulus array appears a 

number representing responses to that comparison 

stimulus out of the total number of times that stimulus 

in that array appeared. All major probe tests were 

preceded by a test for preferences of novel comparisons. 

Each major probe test, including the test for 

preferences, was replicated once. At no time during 

probe tests of Experiment 1-A did percent correct 
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Table 5 

Percentage of Correct Responding for each Training Session 

for each Subject 

Session 
Number 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

Percent 

Sl 

63 

98 

99 

100* 

100* 

Correct Responding 

S2 SJ 

56 72 

59 96 

71 100 

63 93* 

71 100* 

76 

80 

75 

90 

74 

83 

93 

98 

100* 

99* 

Note. * indicates feedback occurred on 25% of correct 
responses 
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Table 6 

Number of Responses to each Stimulus Array, Percent Correctc 

and Number of Sessions Run per Test for Subject 1 

Test Description Percent Test #/ 

Correct (# of sessions) Test Arrays ard # Responses/Total 

------

Preference Test 1.(2) X-A( N1, N2 ) X-D( N1, N2) Y-A( N1, N2) Y-D( N1, N2 ) 

6/6 0/6 2/6 4/6 2/6 4/6 4/6 2/6 

X-C( N3, N4) X-B( N3, N4 ) Y-B( N3, N4 ) Y-C( N3, N4) 

1/6 5/6 4/6 2/6 0/6 6/6 5/6 1/6 

Control by Matching 98% · 2. (2) X-A( C , N 1 ) X-D( B , N2 ) Y-A( B , ~2) Y-D ( C , N1 ) 
Stirrul i 6/6 0/6 6/6 0/6 6/6 0/6 6/6 0/6 

X-C( A, N4) X-B( D , N3 ) Y-B( B , N4) Y-C( D , N3 ) 

6/6 0/6 6/6 0/6 6/6 0/6 5/6 1/6 

Preference Test 1 .(2) X-A( N1, N2) X-D( N1, N2 ) Y-A( N1, N2) Y-D( N1, N2 ) 
1/6 5/6 5/6 1/6 5/6 1/6 1/6 5/6 

X-C( N3, N4) X-B( N3, N4 ) Y-B( N3, N4 ) Y-C( N3, N4 ) 

0/6 6/6 5/6 1/6 1/6 5/6 6/6 0/6 

Control by Matching 98% 2. (2) X-A( C, N2) X·D( B , N1 ) Y-A( B , N1 ) Y-D( C , N2) 
Stirrul i 6/6 0/6 6/6 0/6 6/6 0/6 5/6 1/6 

X-C( A, N4 ) X-B( D , N3 ) Y-B( B , N4 ) Y-C( D , N3 ) 

6/6 0/6 6/6 0/6 6/6 0/6 6/6 0/6 

Preference Test 3. (2) X-A( NS, N6) X-D( NS, N6) Y-A( NS, N6) Y·D( NS, N6) 

6/6 0/6 4/6 2/6 6/6 0/6 1/6 5/6 

X-C( N7, NB ) X-B( N7, NB ) Y-B( N7, NB) Y-C( N7, NB ) 

6/6 0/6 0/6 6/6 6/6 0/6 0/6 6/6 

Control by Non- 96% 4. (2) X-A( N6, B ) X-D( N6, c ) Y-A( N6, c ) Y-D( NS, B ) 
Matching Stimuli 6/6 0/6 5/6 1/6 6/6 0/6 5/6 1/6 

X-C( NB, B ) X-B( N7, c ) Y-B( NB, c ) Y-C( N7, B ) 

6/6 0/6 6/6 0/6 6/6 0/6 6/6 0/6 

Preference Test 3. (2) X-A( NS, N6 ) X-0( NS, N6) Y-A( NS, N6) Y-D( NS, N6) 

0/6 6/6 0/6 6/6 0/6 6/6 6/6 0/6 

X-C( N7, NB ) X-B( N7, NB) Y-B( N7, NB) Y·C( N7, NB ) 
1/6 5/6 6/6 0/6 0/6 6/6 6/6 0/6 
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(Table 6 continued) 

Control by Non- 96% 4. (2) X-A( NS, B ) X-D( NS, c ) Y·A( NS, c ) Y·D( N6, B ) 

Matching Stimuli 6/6 0/6 5/6 1/6 6/6 0/6 5/6 1/6 

X-C( N7, B ) X·B( N8, c ) Y-B( N7, c ) Y·C( N8, B ) 

6/6 0/6 6/6 0/6 6/6 0/6 6/6 0/6 

Potential Competing 5. ( 1) 0-A( B , c ) 0-D ( B , c ) 
Relations 8/12 4/12 3/12 9/12 

Preference Test 6 . ( 1) 0-A( N9, N10) 0-D( N9, N10) 

3/12 9/12 6/12 6/12 

Control by Sa1rple with· 46% 7. (2) 0-A( B , N10) 0-A( C , N10) 0-D( B , N10) 0-D( C , N9) 

out Sec. Ord. Stimulus 5/12 7/12 5/12 7/12 8/12 4/12 4/12 8/12 

Preference Test 6. < 1) 0-A( N9, N10) 0-D( N9, N10) 

5/12 7/12 8/12 4/12 

Control by Sa1rple with- 48% 7. (2) 0-A( B , N10) O·A( C , N10) 0-D( B , N9) 0-D( C , N9) 

out Sec. Ord. Stimulus 5/12 7/12 9/12 3/12 4/12 8/12 5/12 7/12 

Control with appropriate 0% 8. (2) Y-A( B , N10) X-A( C , N10) X-D( B , N9) Y·D( C , N9) 

Sec. Ord. Stimulus 12/12 0/12 12/12 0/12 12/12 0/12 12/12 0/12 

Preference Test 9. (2) 0-A(N11, N12) O-D(N11, N12) O·B(N13, N14) O·C(N13, N14) 

6/12 6/12 8/12 4/12 7/12 5/12 3/12 9/12 

Potential Transitive 8% 10. (2) 0-A( D , N12) O·D( A , N11) 0-B( C , N13) 0-C( B , N14) 

Relations 1/12 11/12 1/12 11/12 1/12 11/12 1/12 11/12 

Preference Test 9. (2) O-A(N11, N12) 0-D(N11, N12) 0-B(N13, N14) 0-C(N13, N14) 

0/12 12/12 12/12 0/12 12/12 0/12 0/12 12/12 

Potential Transitive 0% 10. (2) 0-A( D , N11) 0-D( A, N12) 0-B( C , N13) 0-C( B , N14) 

Relations 0/12 12/12 0/12 12/12 0/12 12/12 0/12 12/12 

Control Test for 6% 11. (2) X-A( D , N12) Y-D( A , N11) X·B( C , N14) Y-C( B , N13) 

Familiarity 1/12 11/12 0/12 12/12 1/12 11/12 1/12 11/12 
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Table 7 

Number of Responses to each Stimulus Array, Percent Correct, 

and Number of Sessions Run per Test for Subject 2 

Test Description 

Preference Test 

Control by Matching 
Sti1TUl i 

Preference Test 

Control by Matching 
Sti1TUl i 

Preference Test 

Control by Non-
Matching Stimuli 

Percent 
Correct 

92% 

100% 

94% 

Test#/ 
(# of sessions) 

1. (2) X·A( N1, 

6/6 

X-C( N3, 
2/6 

2. (2) X·A( C , 

6/6 

X-C( A , 
5/6 

1. (2) X-A( N1, 
3/6 

X·C( N3, 
3/6 

2. (2) X-A( C , 

6/6 

X-C( A , 

6/6 

3. (2) X-A( NS, 
4/6 

X-C( N7, 
4/6 

4. (2) X-A( N6, 
6/6 

X-C( NB, 
5/6 

N2 ) 
0/6 

N4 ) 

4/6 

N1 ) 

0/6 

N4 ) 
1/6 

N2 ) 
3/6 

N4 ) 
3/6 

N2) 

0/6 

N4 ) 

0/6 

N6) 

2/6 

NB) 
2/6 

B ) 
0/6 

B ) 

1/6 

Test Arrays and# Responses/Total 

X-D( N1, N2) Y-A( N1, N2 ) Y·D( N1, N2 ) 

1/6 5/6 2/6 4/6 2/6 '4/6 

X-B( N3, N4 ) Y-B( N3, N4 ) Y-C( N3, N4 ) 
4/6 2/6 3/6 3/6 3/6 3/6 

X-D( B , N2 ) Y·A( B , N2 ) Y-0( C , N2 ) 

6/6 0/6 5/6 1/6 6/6 0/6 

X·B( D , N3 ) Y-B( B , N3 ) Y-C( D , N4 ) 
6/6 0/6 5/6 1/6 5/6 1/6 

X-D( N1, N2 ) Y-A( N1, N2) Y·D( N1, N2) 
2/6 4/6 2/6 4/6 4/6 2/6 

X-B( N3, N4 ) Y-B( N3, N4 ) Y·C( N3, N4 ) 
4/6 2/6 5/6 1/6 4/6 2/6 

X-D( B , N2) Y-A( B , N2 ) Y· D( C , N1 ) 

6/6 0/6 6/6 0/6 6/6 0/6 

X·B( D , N3 ) Y-B( B , N4 ) Y-C( D , N3 ) 

6/6 0/6 6/6 0/6 6/6 0/6 

X·D( NS, N6) Y·A( NS, N6) Y-D( NS, N6) 

4/6 2/6 3/6 3/6 4/6 2/6 

X·B( N7, NB) Y·B( N7, NB) Y·C( N7, NB ) 
3/6 3/6 5/6 1/6 4/6 2/6 

X-D( N6, c ) Y-A( N6, c ) Y·D( N6, B ) 

5/6 1/6 5/6 1/6 4/6 2/6 

X-B( NB, c ) Y-B( NB, c ) Y-C( NB, B ) 

6/6 0/6 6/6 0/6 6/6 0/6 



68 

(Table 7 continued) 

Preference Test 3. (2) X-A( NS, N6) X-DC NS, N6) Y-A( NS, N6 ) Y-D( NS, N6 ) 

5/6 1/6 5/6 1/6 3/6 3/6 3/6 3/6 

X-C( N7, NB) X-B( N7, N8) Y-B( N7, NB) Y-C( N7, N8) 

4/6 2/6 3/6 3/6 4/6 2/6 4/6 2/6 

Cootrol by Non- 98% 4. (2) X-A( N6, B ) X-D( NS, c ) Y-AC N6, c ) Y-D( NS, 8 ) 

Matching Stimuli 5/6 1/6 6/6 0/6 6/6 0/6 6/6 0/6 

X-C( N8, 8 ) X-B( N8, c ) Y-B( N8, c ) Y-C( N8, 8 ) 

6/6 0/6 6/6 0/6 6/6 0/6 6/6 0/6 

Potential Ccrnpeting 5. ( 1) 0-A( B , c ) 0-D( B , c ) 
Relations 5/12 7/12 5/12 7/12 

Preference Test 6. ( 1) 0-A( N9, N10) 0-D( N9, N10) 

6/12 6/12 7/12 5/12 

Cootrol by SafTl'.)le with- 50% 7. (2) 0-A( B , N9) 0-A( C , N9) 0-D( 8 , N9) 0-D( C , N9) 

out Sec. Ord. Still'lJlUS 7/12 5/12 4/12 8/12 6/12 6/12 7/12 5/12 

Preference Test 6. (1) 0-A( N9, N10) 0-D( N9, N10) 

3/12 9/12 3/12 9/12 

Control by SafTl'.)le with- 92% 7. (2) 0-A( B , N10) 0-A( C , N10) 0-D( 8 , N10) 0-D( C , N10) 

out Sec. Ord. Still'lJlus 11/12 1/12 11/12 1/12 11/12 1/12 11/12 1/12 

Control with appro- 100% 8. (2) Y-A( B , N9) X-A( C , N9) X-D( B , N9) Y-D( C , N9) 

priate Sec. Ord. Stimulus 12/12 0/12 12/12 0/12 12/12 0/12 12/12 0/12 

Preference Test 9. (2) 0-A(N11, N12) O-D(N11, N12) 0-B(N13, N14) 0-C(N13, N14) 

9/12 3/12 11/12 1/12 8/12 4/12 2/12 10/12 

Potential Transitive 100% 10. (2) 0-A( D , N11) 0-D( A , N11) 0-B( C , N13) 0-C( B , N14) 

Relations 12/12 0/12 12/12 0/12 12/12 0/12 12/12 0/12 

Preference Test 9. (2) 0-A(N11, N12) 0-D(N11, N12) 0-B(N13, N14) 0-C(N13, N14) 

12/12 0/12 12/12 0/12 2/12 10/12 1/12 11/12 

Potential Transitive 65% 10. (2) 0-A( D , N11) 0-D( A, N11) 0-B( C , N14) 0-C( B , N14) 

Relations 8/12 4/12 7/12 5/12 8/12 4/12 8/12 4/12 

Control Test for 60% 11. (2) X-A( D , N12) Y-D( A , N12) X-B( c • N13) Y-C( 8 • N13) 

Familiarity 9/12 3/12 6/12 6/12 6/12 6/12 8/12 4/12 
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Table 8 

Number of Responses to each Stimulus Array, Percent Correct, 

and Number of Sessions Run per Test for Subject 3 

Test Description 

Preference Test 

Control by Matching 
Sti111.Jl i 

Preference Test 

Control by Matching 
Stilll.Jl i 

Preference Test 

Control by Non-
Matching Stimuli 

Percent 
Correct 

88% 

100% 

100% 

Test#/ 
(# of sessions) 

1. (2) X-A( N1, NZ) 
6/6 0/6 

X-C( N3, N4) 

6/6 0/6 

2.(2) X-A( C, N1 ) 

6/6 0/6 

X-C( A , N3 ) 
0/6 6/6 

1. (2) X-A( N1, NZ) 
2/6 4/6 

X-C( N3, N4 ) 
6/6 0/6 

2. (2) X-A( C , NZ ) 

6/6 0/6 

X-C( A , N4 ) 

6/6 0/6 

3. (2) X-A( NS, N6) 

0/6 6/6 

X-C( N7, NB) 
6/6 0/6 

4. (2) X-A( N6, B ) 

6/6 0/6 

X-C( NB, B ) 

6/6 0/6 

Test Arrays and# Responses/Total 

X-D( N1, NZ ) Y-A( N1, NZ) Y-D( N1, 

1/6 5/6 2/6 6/6 6/6 

X-B( N3, N4 ) Y-B( N3, N4 ) Y-C( N3, 

1/6 5/6 1/6 5/6 1/6 

X-D( B , NZ) Y-A( B , NZ ) Y-D{ C , 

6/6 0/6 6/6 0/6 6/6 

X-B( D , N4 ) Y-B( B , N4 ) Y-C( D , 
6/6 0/6 6/6 0/6 6/6 

X-D( N1, NZ) Y-A( N1, NZ ) Y-D( N1, 
5/6 1/6 5/6 1/6 2/6 

X-B( N3, N4 ) Y-B( N3, N4 ) Y-C( N3, 

1/6 5/6 4/6 2/6 2/6 

X-D( B , N1 ) Y-A( B , N1 ) Y-D( C , 

6/6 0/6 6/6 0/6 6/6 

X-B( D , N3 ) Y-B( B , N4 ) Y-C( D , 

6/6 0/6 6/6 0/6 6/6 

X-D( NS, N6) Y-A( NS, N6) Y-D( NS, 

6/6 0/6 6/6 0/6 0/6 

X-B( N7, NB) Y-B( N7, NB) Y-C( N7, 
2/6 4/6 2/6 4/6 2/6 

X-D( N6, c ) Y-A( N6, c ) Y-D( NS, 

6/6 0/6 6/6 0/6 6/6 

X-B( N7, c ) Y-B( N8, c ) Y-C( N7, 

6/6 0/6 6/6 0/6 6/6 

NZ) 
0/6 

N4) 
5/6 

N1 ) 

0/6 

N4) 
0/6 

NZ) 
4/6 

N4) 
4/6 

NZ) 

0/6 

N3) 

0/6 

N6 ) 

6/6 

NB) 
4/6 

B ) 

0/6 

B ) 
0/6 
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(Table 8 continued) 

Preference Test 3. (2) X-A( N5, N6) X-D( N5, N6) Y-A( N5, N6) Y-D( N5, N6) 

6/6 0/6 0/6 6/6 0/6 6/6 6/6 0/6 

X-C( N7, NB) X-B( N?, N8) Y-B( N7, N8) Y-C( N7, N8) 

5/6 1/6 0/6 6/6 6/6 0/6 0/6 6/6 

Control by Non- 98% 4.(2) X-A( NS, B ) X-D( N5, c ) Y-A( N5, c ) Y-D( N6, B ) 

Matching Stimuli 6/6 0/6 6/6 0/6 6/6 0/6 6/6 0/6 

X-C( N? B ) X-B( N8, c ) Y-B( N?, c ) Y-C( N8, B ) 

5/6 1/6 6/6 0/6 6/6 0/6 6/6 0/6 

Potential Canpet ing 5 . ( 1) 0-A( B , c ) 0-D( B , c ) 
Relations 10/12 2/12 12/12 0/12 

Preference Test 6. (1) 0-A( N9, N10) 0-D( N9, N10) 

0/12 12/12 0/12 12/12 

Control by Sarrple with - 79% 7.(1) 0-A( B , N10) 0-A( C , N10) 0-D( El , N10) 0-D( C , x ) 

out Sec. Ord. Stirrulus 6/6 0/6 5/6 1/6 6/6 0/6 2/6 4/6 

(error in 4th configuration) 

Control by Safr4)le with- 92% 7. (2) 0-A( B , N10) 0-A( C , N10) 0-D( B , N10) 0-D( C , N10) 

out Sec. Ord. Stirrulus 11/12 1/12 12/12 0/12 12/12 0/12 9/12 3/12 

Preference Test 6. ( 1) 0-A( N9, N10) 0-D( N9, N10) 

10/12 2/12 4/12 8/12 

Control by Sarrple with- 56% 7. (2) 0-A( B , N9) 0-A( C , N9) 0-D( B , N10) 0-D( C , N10) 

out Sec. Ord. Stirrulus 9/12 3/12 9/12 3/12 7/12 5/12 2/12 10/12 

Control with appro- 100% 8. (2) Y-A( B , N9) X-A( C, N9) X-D ( B , N9) Y-D( C , N9) 

priate Sec. Ord. Stimulus 12/12 0/12 12/12 0/12 12/12 0/12 12/12 0/12 

Preference Test 9. (2) 0-A(N11, N12) 0-D(N11, N12) 0-B(N13, N14) O-C(N13, N14) 

12/12 0/12 0/12 12/12 11/12 1/12 0/12 12/12 

Potential Transitive 0% 10. (2) 0-A( D , N11) 0-D( A, N12) 0-B( C , N13) 0-C( B , N14) 

Relations 0/12 12/12 0/12 12/12 0/12 12/12 0/12 12/12 

Preference Test 9. (2) 0-A(N11, N12) O-D(N11, N12) O-B(N13, N14) 0-C(N13, N14) 

12/12 0/12 1/12 11/12 12/12 0/12 0/12 12/12 

Potential Transitive 0% 10. (2) 0-A( 0 , N11) 0-D( A, N12) 0-B( C , N13) 0-C( B , N14) 

Relations 0/12 12/12 0/12 12/12 0/12 12/12 0/12 12/12 

Control Test for 10% 11. (2) X-A( 0 , N12) Y-D( A , N11) X-B( C, N14) Y-C( B , N13) 

Familiarity 1/12 11/12 4/12 8/12 0/12 12/12 0/12 12/12 



responding to the baseline, review trials for any 

subject fall below 90%. 

Control by matching stimuli with most-preferred 

novel comparisons: Tests 1 and 2. During the first 

sessions of Test 1 probes, Subjects 1 and 3 did not 

distribute responses evenly between the novel 

comparisons within Test 1 configurations. Subjects 1 

and 3 demonstrated a preference for one of the novel 

stimuli in most of the eight trial-types. However, 

Subject 2 demonstrated a preference only during 

presentation of the first two trial-types shown in Table 

7. No strong preferences were evident from the 

remaining configurations. 

Test 2 probes were designed to test for control by 

positive stimulus relations between the second-order, 

standard, and correct comparison stimuli with a most

preferred novel comparison stimulus replacing the 

incorrect comparison. During the two sessions of the 

first presentation of Test 2, all subjects demonstrated 

high percentages of correct responding. However, for one 

particular probe type, X-C(A NJ) (see Table 8), Subject 

3 made every response to the novel comparison. It is 

not known why this occurred although it did not occur 

during the replication of Test 2. The high percentages 

of correct responding were also demonstrated by all 

subjects upon replication of the Test 1 and 2 sequence. 
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Subjects 2 and 3 each responded with 100% accuracy 

during the replication of Test 2 probes while Subject 1 

missed only a single response. 

Control by nonmatching stimuli with least preferred 

novel stimuli: Tests 3 and 4. This test assessed 

potential control by negative stimulus relations. The 

two comparisons in these probes were: (1) a familiar, 

but incorrect comparison; and (2) a least-preferred, 

novel comparison. As shown in Tables 6, 7, and 8, 

Subjects 1 and 3 continued to show stronger preferences 

for particular novel stimuli during the first 

presentation of Test 3 preference probes than did 

Subject 2. As shown by the percent correct responding 

to Test 4 probes, each subject responded with 98% or 

greater accuracy to the least-preferred, novel 

comparisons during the first set of Test 4 probes. This 

result was replicated during the second presentation of 

Test 4 probes. These results provide evidence for 

control by negative stimulus relations under a five-term 

contingency. 

The remaining probes in this experiment were 

designed to test for the existence of four-term 

contingency relations that would result from the removal 

of the second-order stimulus. 

Test for potential competing relations: Test 5. 

In Test 5, the second-order stimulus was not presented 
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during probe trial-types. Thus, the comparisons Band C 

were presented with either A or Das the sample (see 

Test 5 of Tables 6, 7, and 8). Given training and 

baseline trials where both Band c were correct in the 

presence of A and D (as determined by X or Y), it was 

not expected that differential responding to either B or 

C would obtain. As shown in Test 5 of Tables 6 and 7, 

Subjects 1 and 2 distributed responses between Band C 

in the presence of either A or D. However, as shown in 

Test 5 of Table 8, S3 chose stimulus B whether A or D 

was the sample. Logically, during this probe test, no 

sample-comparison combination should have expected more 

or less control than any other. In the case of Subject 

3, for example, one could not infer A-Band D-B 

relations on the basis of a high degree of responding to 

B without questioning why A-C or D-C relations should 

not also have been demonstrated. Thus, for Subject 3 , 

responding can best be described as a preference for 

stimulus B under these probe conditions. 

There are two separate and competing explanations 

for why Test 5 trial-types were not adequate 

demonstrations of four-term stimulus control. First, 

given the training and baseline trials, four-term 

contingencies control responding in the absence of the 

second-order stimulus. If this is the case, then A 

would control responding to Band c equally as would 
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stimulus D. Thus, subjects would respond to such probes 

by either distributing their responses across the two 

comparisons (as did Sl and S2) or resort to a simple 

preference (as did SJ). Second, however, these same 

results could have been obtained if no four-term 

stimulus control was present in the absence of the 

second-order stimulus. Specifically, if neither A nor D 

controlled responding to Band c, and because subjects 

were required to respond in order to get the next trial, 

Sl and S2 could have distributed responses across Band 

Con the basis of no control by A or D. In addition, 

SJ's resort to a preference could also be a function of 

no control by A or D. Test 7 attempted to separate 

these two explanations. 

Control by sample without second-order stimulus: 

Tests 6 and 7. Test 7 probes were designed to provide 

evidence for whether or not four-term contingency 

stimulus control existed in the absence of the second-

order stimulus. Since stimuli Band c could not appear 

together as comparisons, the four-term relations AB, AC, 

DB, and DC were tested separately with a most-preferred 

novel stimulus as one of the comparisons. 

The results of the first set of Test 7 probes (see 

Tables 6, 7, and 8) show that Subjects 1 and 2 

distributed their responses between the familiar 

comparision and the most-preferred novel comparison 
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stimuli. This resulted in percent correct responding of 

46 and 50 for Subjects 1 and 2, respectively. Subject 

3, however, responded correctly to the familiar stimuli 

with exception of the fourth, incorrectly presented 

configuration during the first session of Test 7. (As 

shown in Table 8, the stimulus, X, was inadvertently 

presented as a comparison stimulus in the trial-type, 0-

D(C, X). This experimental error was corrected in 

subsequent presentations of Test 7 probe trial-types.) 

Subject 3 responded to the subsequent set of two 

sessions of Test 7 probes with 92% accuracy. Thus, for 

Subjects 1 and 2, no evidence was present that four-term 

stimulus control existed in the absence of the second

order stimulus. For Subject 3, however, four-term 

contingency stimulus control did appear to exist. 

These same results were not obtained when the Test 

6 and 7 sequence was replicated. While Subject 1 

continued to distribute responding across the 

comparisons, Subject 2 demonstated a high degree of 

correct responding (92%) to the familiar stimuli 

suggesting four-term stimulus control. Subject 3, 

however, no longer demonstrated four-term stimulus 

control. Percent correct responding decreased to 56% 

during the replication of Test 7. Thus, at this point, 

only Subject 2 demonstrated four-term stimulus control. 
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Control with appropriate second-order stimuli -

Test 8. During Test 8 probes, subjects were presented 

with the same stimulus configurations as in Test 7 

except that the appropriate second-order stimulus was 

present in each stimulus array. Under these conditions, 

all subjects made every response to the correct 

comparison regardless of their performance on the most 

recently presented Test 7 probes (see Test 8 in Tables 

6, 7, and 8). Thus, all subjects demonstrated second

order stimulus control on these probes. 

Potential transitive relations without second-order 

stimulus: Tests 9 and 10. These probes were designed 

to test for potential transitive relations among the 

four-term contingency stimuli. For example, if a 

subject showed AB, AC, DB, and DC matching in Test 7, 

then all these stimuli should be transitively "linked" 

(as demonstrated by the emergence of the relations, BC, 

CB, AD, and DA) in the absence of the second-order 

stimulus. Recall that Subject 2 demonstrated the 

underlying four-term relations during the final 

presentation of Test 7 probes. It follows that only 

Subject 2 should demonstrate the transitive relations. 

As shown in the first set of Test 10 probes (see 

Tables 6, 7, and 8) Subject 2 was in fact the only 

subject that demonstrated transitive relations among the 

four-term contingency stimuli. Subjects 1 and 3 chose 

76 



the most-preferred novel stimulus in each array of Test 

10 almost exclusively. However, upon replication of 

Test 10, transitive control of responding in S2's 

performance deteriorated while Sl and SJ continued to 

respond to the novel stimulus exclusively. 

Control test for familiarity: Test 11. This test 

was designed to accomplish two objectives. First, it 

was designed as a control for responding to Test 10 

probes only on the basis of familiarity (i.e., away from 

the novel stimuli): it would not be appropriate to 

continue responding to the familiar stimuli in the 

presence of the second-order stimuli used in these 

probes. Second, if subjects are responding transitively 

during Test 10 probes, then the addition of the second

order stimuli in Test 11 should disrupt transitive 

responding thereby demonstrating that the transitive 

relations only occur in the absence of the second-order 

stimuli. However, since no transitive relations were 

demonstrated during the replication of Test 10, the 

addition of second-order stimuli in Test 11 probes was 

not expected to change responding from that demonstrated 

by the subjects during Test 10 probes. As shown in Test 

11 in Tables 6, 7, and 8, the percentages of correct 

responding changed little between the final set of Test 

10 probes and Test 11 probes. 
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General Discussion: Experiment 1-A 

Subjects 1 and 3 responded to the baseline training 

task at 90% or greater by the second session of training 

while Subject 2 did not meet the criterion until the 

12th session. Despite this discrepancy in aquisition, 

all subjects responded to the eight baseline trial-types 

at greater than 90% correct throughout the experiment. 

All subjects demonstrated performance that 

suggested control by positive and negative stimulus 

relations under the five-term contingency. The use of 

novel stimuli as comparisons may have confounded the 

results from the probes for positive relations. For 

example, when all subjects had completed the initial and 

replicating probe tests for positive relations, no 

responses to novel stimuli had been scored as correct up 

to that point. Thus, it could be hypothesized that the 

results of tests for positive relations were a function 

of only responding to the familiar stimulus (in this 

case the correct comparison). However, there are two 

arguments against this hypothesis. The first argument 

is that the novel comparison in each stimulus array was 

the most-preferred novel stimulus in the presence of the 

given second-order and sample stimuli as determined by 

previous preference tests. Thus, a hypothesis based 

only on familiarity of a given comparison must also take 

into account the presumed stimulus control of the 
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empirically demonstrated, most-preferred stimulus. 

However, it snould be noted that strong preferences were 

not noted in all stimulus arrays (see Test 1 results in 

Tables 6, 7, and 8). A second, and stronger case 

against a familiarity hypothesis would be evidenced by 

strong responding to novel comparisons. From the 

subsequent tests for negative stimulus relations, such 

evidence was present, i.e., subjects responded away from 

incorrect comparisons to novel comparisons. 

The results suggesting control of responding by 

positive and negative stimulus relations are consistent 

with Stromer and Osborne's (1982) findings that positive 

and negative relations between samples and comparisons 

can be inferred when humans perform arbitrary matching

to-sample tasks. The present experiment extends these 

findings by demonstrating that positive and negative 

relations are present even when the choice of a 

comparison is ultimately under fifth-term control. 

This experiment also demonstrated that, given the 

present five-term contingency training, the 

demonstration of underlying, four-term relations in the 

absence of the second-order stimulus varies across 

subjects, and should be described, at best, as weak. 

Subject 1 never demonstrated such relations; Subject 3 

did so, but not upon replication; and Subject 2 

demonstrated four-term relations only upon replication. 



Subsequent tests for transitive relations among the 

four-term stimuli were logically consistent with the 

results from probes for the underlying, four-term 

relations. Subjects 1 and 3 who did not demonstrate the 

four-term relations, also did not (and would not be 

expected to) demonstrate transitive relations. Subject 

2 did not demonstrate the underlying four-term relations 

initially, but did so upon replication of the probe 

tests for these relations. During the subsequent tests 

for transitive relations, Subject 2 did demonstrate 

transitive relations, but not upon replication. Perhaps 

the lack of Subject 2's demonstration of the underlying, 

four-term relations during the initial tests as well as 

replication was a factor in why the transitive relations 

were only briefly demonstrated. It should be noted that 

in Experiment 1-A feedback was never directly provided 

for any of the underlying four-term relations in the 

absence of the second-order stimulus. This may also 

have been a factor in the present findings. Functional 

analyses that more closely examined the underlying, 

four-term relations were performed in Experiment 1-B. 
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EXPERIMENT 1-B 

Experiment 1-B was designed to provide the subjects 

from Experiment 1-A with direct feedback on trials of 

the underlying, four-term relations in the absence of 

the second-order stimulus from Experiment 1-A. The 

experimental question was whether such training would 

increase the likelihood that subsequent tests identical 

to those of Experiment 1-A for transitive relations 

would yield positive results. 

Method 

Subjects 

Subjects 1, 2, and 3 from Experiment 1-A served. 

Apparatus and Stimuli 

All apparatus and stimuli used in Experiment 1-B 

were identical to those used in Experiment 1-A. 

Procedures 

Training. Figure 10 shows the four-term 

contingency training that each subject received. Each 

of the underlying stimulus pairs was unidirectionally 

matched: AB, AC, DB, and DC. In addition, arrays 

containing formerly novel stimuli were matched so that 

stimuli A, B, C, & D would appear equally often as a 

correct and incorrect comparison. The criterion for 
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0 0 0 0 

A N1 A N1 

B N2 8 N2 c N3 c N3 
+ + I + -r 

0 0 0 0 
0 N4 0 N4 

8 N2 8 N2 c N3 c N3 
+ + I -r + 

Figure 10. Four-term contingency training for each 
subject in Experiment 1-B. 
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learning the Experiment 1-B training was two consecutive 

sessions with 90% or greater accuracy. 

Probes . The subjects were presented with a probe 

test series for transitive relations similar to that 

presented in Experiment 1-A. The series consisted of 

tests for preference of novel stimuli (Test 9), tests 

for potential transitive relations (Test 10), and a 

control test for responding on the basis of familiarity 

(Test 11). The baseline trials into which the probes 

were inserted were identical to the baseline trials in 

Experiment 1-A. Based on their performances, some 

additional functional analysis in presenting probes and 

training was necessary. These will be explained as the 

separate results for each subject's perfor mance are 

presented. 

Results and Discussion 

Training 

S2 met the training criterion in two sessions and 

Sl and SJ met the training criterion in three sessions. 

Probe Tests: Subject Sl 

The results of probe tests for Subject 1 are shown 

in Table 9. (The test numbers are the same as those 

used in Experiment 1-A.) Subject 1 did not demonstrate 

strong preferences for novel stimuli in Test 9. 
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Table 9 

Number of Responses to Each stimulus Array, Percent Correct, 

and Number of Sessions Run per Test for Subject 1 in 

Experiment 1-B 

Percent (nunber of 
Probe Test Correct sessions) Test Arrays and# Responses/Total 

9. Preference Test (2) 0-A(N11, N12) 0-0(N11, N12) 0-B(N13, N14) 0-C(N13, N14) 

5/12 7/12 5/12 7/12 7/12 5/12 5/12 7/12 

10. Potential Transitive 98% (2) 0-A( 0 , N12) 0-0( A , N12) 0-B( C , N13) 0-C( B , N14) 

Relations 11/12 1/12 12/12 0/12 12/12 0/12 12/12 0/12 

9. Preference Test (2) 0-A(N11, N12) 0-0(N11, N12) 0-B(N13, N14) 0-C(N13, N14) 

7/12 5/12 4/1 2 8/12 12/12 0/ 12 1/ 12 11/12 

10. Potential Transitive 96% (2) 0-A( 0 , N11) 0-0( A , N12) 0-B( C , N13) 0-C( B , N14) 
Relations 12/12 0/12 12/12 0/12 11/12 1/12 11/12 1/12 

11. Control Test for 58% (2) X-A( 0 , N12) Y-0( A , N11) X-B( C, N14) Y-C( B , N13) 
Familiarity 7/12 5/12 5/12 7/12 11/12 1/12 5/12 7/12 



However, as shown in the first set of Test 10 probes, 

almost every response was made to the familiar 

comparison stimuli which resulted in 98% correct 

responding. During the replication of Test 9 and 10, 

Subject 1 showed stronger preferences for given novel 

stimuli in Test 9. As shown in the second set of Test 

10 probes, Subject 1 responded with 96% accuracy. 

Test 11 was identical to Test 10 except that 

second-order stimuli were present and the no v el 

comparisons were the least-preferred. As shown in Table 

9 responses were distributed across the comparison 

stimuli for three of the four arrays. Eleven of twelve 

responses were made to the familiar stimulus in the 

third array. With the exception of this array, however, 

responding was much different on Test 11 than on Test 10 

probes: while correct responding was greater than 96%, 

responding to the familiar stimuli during Test 11 

sessions was only 58%. 

Subject SJ 

Table 10 shows the results of probe tests for 

Subject 3. Subject 3 was given a set of probe tests 

similar to Subject 1. Subject 3 demonstrated strong 

preferences for novel stimuli during Test 9 probe 

sessions in both sets. As did Subject 1, Subject 3 

demonstrated transitive relations in both the first 

presentation of Test 10 probes (94%) correct and the 
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Table 10 

Number of Responses to Each Stimulus Array, Percent Correct, 

and Number of Sessions Run per Test for Subject 3 in 

Experiment 1-B 

Percent (nurrber of 
Probe Test Correct sessions) Test Arrays and# Responses/Total 

9. Preference Test (2) 0-A(N11, N12) 0-D(N11, N12) 0-B(N13, N14) 0-C(N13, N14) 

12/12 0/12 0/12 12/12 2/12 10/12 12/12 0/12 

10. Potential Transitive 94% (2) 0-A( D , N11) 0-D( A , N12) 0-8( C , N14) 0-C( B , N13) 
Relations 11/12 1/12 12/12 0/12 10/12 2/12 12/12 2/12 

9. Preference Test (2) 0-A(N11, N12) 0-D(N11, N12) 0-B(N13, N14) 0-C(N13, N14) 

10/12 2/12 0/12 12/12 0/12 12/12 12/12 0/12 

10. Potential Transitive 100% (2) 0-A( D , N11) 0-0( A , N12) 0- BC C , N14) 0-C( B , N13) 
Relations 12/12 0/12 10/12 2/12 12/12 0/12 12/12 0/12 

11. Control Test for 100% (2) X-A( D , N12) Y-0( A , N11) X-8( C , N13) Y-C( B , N14) 
Familiarity (Novel 12/12 0/12 12/12 0/12 12/12 0/12 12/12 0/12 
Stirn. Least Preferred) 

11. Control Test for 100% ( 1) X-A( D , N11) Y-0 ( A , N12) X-B( C , N14) Y-C( B , N13) 
Familiarity (Novel 6/6 0/6 6/6 0/6 6/6 0/6 6/6 0/6 
Stirn. Most Preferred) 



replication of Test 10 Probes (100%). 

However, unlike Subject 1, Subject 3 showed no 

difference in responding between Test 10 and Test 11. 

All responses were made to the familiar comparisons 

during the first two sessions of Test 11 as well as 

during the third session of Test 11 where most- rather 

than least-preferred novel stimuli were used as 

comparisons. In order to better understand the 

results of Test 11 for Subject 3, a functional analysis 

was conducted that consisted of new probe conditions. 

Subject 3 could have been responding to the familiar 

stimuli in Test 11 for two different reasons. First, 

the subject may have responded only on the basis of 

familiarity. If this was the case, it could be assumed 

that the subject was responding only on the basis of 

familiarity on Test 10 probes as well. Second, the 

subject may have been responding transitively to Test 10 

probes, but the addition of second-order stimuli in Test 

11 did nothing to disrupt these relations; i.e., no 

five-term control existed during these probes. Either 

or both of these explanations could account for Subject 

3's performance on Test 11 probes. One way of examining 

these accounts would be to present five-term contingency 

probes during which correct (but with no feedback) 

responding would necessarily depend upon fifth-term 

control and would result in responding to both novel and 

familiar stimuli. If, upon re-presentation of Test 11 
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probes, the subject continued to respond to the familiar 

stimuli only, then it could be suggested that responding 

to Test 10 probes was only a function of familiarity. 

If the subject did not respond to the familiar stimuli 

during re-presentation of Test 11 probes, then it could 

be inferred that Test 10 responding was indeed 

transitive and that fifth-term stimulus control during 

probe trials had been restored. 

For Subject 3, this functional analysis was 

accomplished by combining probes for positive relations 

and negative relations from Experiment 1-A into a single 

probe test. Test 12 consisted of the unidirectional 

configurations for positive and negative relations from 

Tests 2 and 4 of Experiment 1-A while Test 13 consisted 

of the symmetric configurations from Tests 2 and 4 of 

Experiment 1-A. 

Table 11 shows the results of the above functional 

analysis. The first test, Test 3, determined 

preferences in the presence of the various second-order, 

sample stimulus combinations. The next test, Test 12, 

contained trial-types that tested for positive relations 

and trial-types that tested for negative relations as in 

Experiment 1-A. Thus, if the subject responded 

correctly, the subject would respond to the familar 

comparisons in the first four arrays of Test 12 in Table 

11 (positive relation probes) and to the novel 
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Table 11 

Number of Responses to Each Stimulus Array, Percent Correct. 

and Number of Sessions Run per Test during Functional 

Analysis for Subject 3 in Experiment 1-B 

Percent (nurrber of 
Probe Test Correct sessions) Test Arrays and# Responses/Total 

3. Preference Test 

12. Combined Pos. and Neg. 67"!. 
Probes - Unidirectional 
(Error in Novels) 

12. Combined Pas. and Neg. 50% 
Probes - Unidirectional 

13. Combined Pas. and Neg. 100% 
Probes - Symnetric 

12. Combined Pas. and Neg. 100% 
Probes - Unidirectional 

13. Combined Pos. and Neg. 100% 
Probes - Syrrmetric 

11. Control Test for 
Familiarity 

0% 

(2) 

(1) 

(1) 

( 1) 

( 1) 

( 1) 

(2) 

X-A( NS, N6 ) X-D( NS, N6 ) Y-A( NS, N6 ) Y-D( NS, N6 ) 
0/6 6/6 3/6 3/6 6/6 0/6 0/6 6/6 

X-C( N?, N8) X-B( N7, N8) Y-B( N?, N8) Y-C( N7, N8) 
6/6 0/6 6/6 0/6 0/6 6/6 5/6 1/6 

X-A( C, N6) X-D( B , N?) Y-A( B , NS ) Y-D( C , N7) 
3/3 0/3 3/3 0/3 3/3 Oi3 3/3 0/3 

X-A( N?, B ) X-D( N6, C ) Y-A( N?, C ) Y-D( N6, B ) 
1/3 2/3 2/3 1/3 0/3 3/3 1/3 2/3 

X-A( C , N6) X-D( B , NS ) Y-A( B , NS ) Y-D( C , N6 ) 
3/3 0/3 3/3 0/3 3/3 0/3 3/3 0/3 

X-A( NS, B ) X-D( N6, C ) Y-A( N6, C ) Y-D( NS, B ) 
0/3 3/3 0/3 3/3 0/3 3/3 0/3 3/3 

X-C( A , N?) X-B( D , N7) Y-8( B , N8 ) Y-C( D , N7) 
3/3 0/3 3/3 0/3 3/3 0/3 3/3 0/3 

X-C( N8, B ) X-B( N8, C ) Y-B( N7, C ) Y-C( N8, B ) 

3/3 0/3 3/3 0/3 3/3 0/3 3/3 0/3 

X-A( C, N6 ) X-D( B , NS ) Y-A( B , NS ) Y-D( C , N6 ) 
3/3 0/3 3/3 0/3 3/3 0/3 3/3 0/3 

X-A( NS, B ) X-D( N6, C ) Y-A( N6, C ) Y-D( NS, B ) 

3/3 0/3 3/3 0/3 3/3 0/3 3/3 0/3 

X-C( A, N7) X-B( D , N7) Y-8( B , N8) Y-C( D , N?) 

3/3 0/3 3/3 0/3 3/3 0/3 3/3 0/3 

X-C( N8, B ) X-8( N8, C ) Y-8( N7, C ) 

3/3 0/3 3/3 0/3 3/3 0/3 

Y-C( N8, B ) 

3/3 0/3 

X-A( D , NS ) Y-D( A , NS ) X-B( C , N8) Y-C( B , N8) 

0/12 12/12 0/12 12/12 0/12 12/12 0/12 12/12 



comparisons in the next four arrays of Test 12 (negative 

relation probes), all within the same session. 

During the first presentation of Test 12, an error 

was inadvertently made in presenting the novel stimuli 

of the second, fourth, sixth, and eighth arrays: all 

other stimuli were correctly presented. Nevertheless, 

the majority of responses were made to the familiar 

stimuli resulting in responding at only 67%. The same 

result occurred during the next, correctly presented, 

set of Test 12 probes (50% correct). Test 13 consisted 

of the symmetrical arrays of Test 12. During these 

probes, the subject responded with 100% accuracy, i.e., 

both positive and negative relations were demonstrated. 

It was decided that Test 12 probes would again be 

presented. During this presentation, the subject 

responded with 100% accuracy. The same result was 

obtained upon replication of the Test 13 probes. When 

Test 11 probes were again presented, the subject did not 

respond to the familiar comparisons as in first 

presentation of Test 11 probes during the presen t 

experiment. Rather, Subject 3 made every response to the 

novel comparisons. Thus, with the second-order stimuli 

present, fifth-term control was restored and responding 

to the underlying four-term contingency relations did 

not occur. 
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Subject S2 

The results of Experiment 1-B for S2 are shown in 

Table 12. Following the four-term contingency training, 

S2 was also tested for transitive relations. Three 

series of tests for transitive relations were conducted 

because of the difficulty of obtaining transitive 

responding during the initial tests with this subject. 

Within each series are training procedures designed to 

increase the likelihood that the subject would 

demonstrate the transitive relations. The results are 

discussed separately for each series. 

Series 1. In Series 1, the subject was first gi ven 

a test for preferences of novel stimuli in the presence 

of the sample stimuli (Test 9). The results of the 

following Test 10 show that the majority of responses 

occurred to the familiar (transitive) stimuli though the 

total percent correct was only 75%. In an attempt to 

strengthen the underlying four-term relations, it was 

decided that the subject should receive one session of 

the Experiment 1-B training, but at 25% correct 

feedback. Subject 2 responded to this session with 100 % 

accuracy. During the next session of Test 10, however, 

the subject responded only to the novel stimuli. 

Series 2 In Series 2, Subject 2 was again 

presented with the Experiment 1-B training, but at 100 % 

correct feedback. Subject 2 responded to the training 
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Table 12 

Number of Responses to Each Stimulus Array, Percent Correct, 

and Number of Sessions Run per Test for Subject 2 in 

Experiment 1-B 

Percent (nuroer of 
Probe Test Correct sess ions) Test Arrays and# Responses/Total 

Series 1 

9 . Preference Test (2) 0-A(N11, N12) 0-D(N11, N12) O-B(N13, N14) 0-C(N13, N14) 

3/12 9/12 12/12 0/12 10/12 2/12 0/12 12/12 

10. Potential 7ransitive 75% (2) 0-A( 0 , N12) 0-0( A , N 11) 0-B( C , N13) 0-C( B , N14) 

Relations 10/12 2/12 9/12 3/12 9/12 3/12 8/12 4/12 

Four-Term Trai ning 100% (1) 
25% Feedback 

0-A( 0 , N12) 0-0( A , N11) 0-B( C , N13) 0-C( B , N14) 
10. Potential Transitive 0% ( 1) 0/6 6/6 0/6 6/6 0/6 6/6 0/6 6/6 

Relations 

Series 2 

Four-Term Training 100% (1) 
100% Feedback 

9. Preference Test (2) 0-A(N11, N12) 0-0(N11, N12) 0-B(N13, N14) 0-C(N13, N14) 

0/12 12/12 12/12 0/12 12/12 0/12 0/12 12/12 

10. Potential Transitive 21% (2) 0-A( 0 , N12) 0-0( A , N11) 0-B( C , N13) 0-C( B , N14) 

Relations 1/12 11/12 3/12 9/12 3/12 9/12 3/12 9/12 

9. Preference Test (2) 0-A(N11, N12) 0-D(N11, N12) 0-B(N13, N14) 0-C(N13, N14) 

12/12 0/12 0/12 12/12 1/12 11/12 12/12 0/12 

10. Potential Transitive 0% (2) 0-A( 0 , N11) 0-0( A , N12) 0-B( C , N14) 0-C( B , N13) 

Relations 0/12 12/12 0/12 12/12 0/12 12/12 0/12 12/12 
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(Table 12 continued) 

Series 3 

9. Preference Test (2) 0-A(N11, N12) 0-0(N11, N12) O·B(N13, N14) O·C(N13, N14) 

11/12 1/12 0/12 12/12 0/12 12/12 12/12 0/12 

10. aPotential Transitive 63% ( 1) 0-A( Oa, N11) 0-0( A, N12) 0-8( C , N14) 0-C( 8 , N13) 

Rel at i ans 4/6 2/6 5/6 1/6 2/6 4/6 4/6 2/6 

10. Potential Transitive 96% (2) 0-A( 0 , N 11) 0-0( A , N12) 0-8( C , N14) 0-C( 8 , N13) 

Relations 11/12 1/12 12/12 0/12 11/12 1/12 12/12 0/12 

9. Preference Test (2) 0-A(N11, N12) 0-0(N11, N12) 0·8(N13, N14) 0-C(N13, N14) 

11/12 1/12 0/12 12/12 0/12 12/12 12/12 0/12 

10. Potential Transitive 0% ( 1) 0-A( 0 , N11) 0-0( A , N12) 0-8( C , N14) 0-C( 8 , N13) 

Rel at i ans 0/6 6/6 0/6 6/6 0/6 6/6 0/6 6/6 

10.aPotential Transitive 96% (1) 0-A( Oa, N11) 0-0( A , N12) 0-B( C , N14) 0-C( 8 , N13) 

Relations 5/6 1/6 6/6 0/6 6/6 0/6 6/6 0/6 

10. Potential Transitive 63% (1) 0-A( 0 , N 11) 0-0( A , N12) 0-B( C , N14) 0-C( B , N13) 
Relations 4/6 2/6 5/6 1/6 2/ 6 4/6 4/6 2/6 

10. Potential Transitive 96% (2) 0-A( 0 , N 11) 0-0( A , N12) 0-B( C , N14) 0-C( 8 , N13) 
Relations 11/12 1/12 12/12 0/12 12/12 0/12 11/12 1/12 

-----------------------------------------------------------------------------------------------------

11. Control Test for 0% (2) X-A( D , N12) Y-0( A , N11) X-8( C , N13) Y-C( 8 , N14) 

Familiarity 0/12 12/12 0/12 12/12 0/12 12/12 0/12 12/12 

Note. aindicates probes during which a correct response to 
the 0-A(D,Nmp) array was presented with correct feedback; 
incorrect responses to this array resulted in the trial being 
presented again. 



with 100% accuracy. Following this was the standard 

presentation of the Test 9 a.nd 10 probes and a 

replication. Again, transitive relations were not shown 

in either of the Test 10 presentations. The Test 10 

results were 21% and 0%, respec t ively. 

Series 3. The subject began Series 3 as usual with 

the preference test for novel . comparisons. However, 

during the next session of Te s t 10 probes, 100 % correct 

feedback was given for each 0-A(D, Nmp) trial, 

exclusively. Responses to the novel stimulus in this 

array resulted in the trial being presented ov er. Thus, 

for this array, a correction procedure was in effect. 

All other probes were presented as usual, i.e., no 

correction and no feedback. This procedure produced 63 % 

correct responding for that s e ssion. This is c ontrasted 

with the results of the most recently presented Test 10 

probes in Series 2 (0%). 

The probe trials of the next sessions of Test 10 

probes were presented as usual; i.e., no correction and 

no feedback. During this test, the subject made almost 

every response to the familiar stimuli, thus 

demonstrating the transitive relations. 

Test 9 was again presented to determine preferences 

for novel stimuli before replicating Test 10 probes. 

During the next session of Test 10 probes, Subject 2 

returned to the pattern of exclusively responding to the 
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novel stimuli. One additional session of Test 10 probes 

with the correction and feedback procedure for each 

trial-type, 0-A(D, Nmp) was conducted. This changed 

responding to the familiar stimuli within this test 

(96%) but the result did not hold during the next no

feedback, single session of Test 10 probes (63%). 

However, during the last two sessions of Test 10 probes, 

Subject 2 demonstrated 96% correct responding. 

Control test for familiarity. The final two 

sessions consisted of Test 11 probes in which second

order stimuli were present. As shown in Table 12, the 

subject responded to the novel stimuli in every probe 

presented. Thus, after demonstrating the transitive 

relations in the final two se ss ions of Test 10, five

term stimulus control was reestablished in Test 11: The 

transitive relations were no l onger demonstrated in the 

p~esence of the second-order stimuli. 

General Discussion: Experiment 1-B 

In Experiment 1-A, it was found that the five-term 

contingency training produced only weak demonstrations 

of the underlying four-term contingency relations in the 

absence of the second-order stimulus. Logically and 

empirically, then, transitive relations that would 

emerge from the underlying, four-term contingency 

relations were only evident for those subjects 
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demonstrating the underlying, four-term relations. 

In Experiment 1-B, the subjects from Experiment 1-A 

were given explicit feedback for the four-term relations 

in the absence of second-order stimuli. This was not 

provided in Experiment 1-A. The experimental question 

was whether this would facilitate the emergence of 

transitive relations in the absence of the second-order 

stimuli. All subjects demonstrated transitive relations 

in Experiment 1-B where the transitive relations did not 

appear or appeared weak in Experiment 1-A. 

The results of Test 11 probes, in which second

order stimuli were present in trial-types resembling 

those used to test for transitive relations, provide 

important information for two issues. First, Test 11 

probes functioned as a control test for responding to 

the transitive relations on the basis of familiarity 

only. For the trial-types from Test 11, responding to 

the familiar comparison could not be conceived as 

"correct" from the subjects' perspective in the presence 

of the second-order stimulus unless the subject ignored 

the second-order stimulus and continued to respond 

transitively as during Test 10 probes or unless the 

subject responded only on the basis of familiarity. 

During the final presentations of Test 11, none of the 

three subjects responded exclusively to the familiar 

stimuli. This can be taken as evidence that: (1) 
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responding on Test 10 probes was not made on the basis 

of familiarity only; and (2) the four-term contingency 

transitive relations occur only in the absence of the 

fifth-term stimulus. 
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EXPERIMENT 2 

In Experiment 2, naive subjects were trained under 

the same, minimal second-order conditional 

discrimination procedures as in Experiment 1-A. In 

addition, new comparison stimuli were added for training 

bringing the total of trained relations from four to 

eight. The training and conceptualization of this 

experiment are shown in Figure 11. The upper part of 

Figure 11 shows the training necessary to produce four 

classes of equivalent stimul i of three members each 

under the separate control of second-order stimuli. The 

bottom part of Figure 11 shows the conceptualization of 

the stimulus classes after training. As shown in the 

upper portion of the figure, the first four (numbered) 

relations were identical to those trained in Experiment 

1-A (see Figure 5 from Experiment 1-A). Relations five 

through eight were identical to relations one through 

four with regard to the second-order stimuli and the 

sample. However, new comparison stimuli (E and F) were 

added such that stimuli A and D were trained to be in a 

relation with two rather than one additional sti mulus 

(within X and Y). To illustrate, consider relation 1 

and 5. In Experiment 1, sample A was trained only with 

C in the presence of X. In Experiment 2, sample A was 

trained with C and E in the presence of X. The training 

of relations 1 and·S resulted in the conceptual class as 
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1 . x 3. x 5. x 7. x 
A D A D 

B c B c E F E F 
- + + - + - - + TRAINING 

TRIAL-TYPES 
2. y 4. y 6. y 8. y 

A D A D 
B c B c E F E F 
+ - - + - + + -

c 
X- A/ j ---I E 

B 
CONCEPTUAL o/f DIAGRAM 11 X- ---I F 

B 

111 Y- A/ j ---I F 

c 
IV Y- o/j ---I E 

Figure 11. Trained relations (upper portion) and 
conceptual diagram ( lo wer portion) for Experiment 2. 
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illustrated by I in the lower portion o f the figure: 

the trained "legs" are X-AC and X-AE. The transitive 

(derived or untaught) relation would be X-CE. Under the 

second-order stimulus Y, A was trained to B (relation 2) 

and A was trained to F (relation 6). The conceptual 

result is shown in III in the lower portion of the 

figure. Note that while the stimulus classes 

conceptualized in I and III have stimulus A in common, 

the classes II and IV have stimulus Din common. 

Experiment 2 was designed to answer the following 

questions: First, does the training outlined above 

result in four classes of equivalent stimuli under the 

separate control of the second-order stimuli as shown in 

the lower portion of Figure 11? This was tested by 

presenting subjects with the potentially transitive 

relations in probe tests. Second, what would be the 

effect of reversing the second-order stimuli if a 

subject demonstrated the equivalence classes? It was 

hypothesized that correct responding to probes would be 

disrupted given an incorrectly presented second-order 

stimulus; this is a result of presenting X where Y 

should be and Y where X should be. Third, what is the 

effect of removing the second-order stimuli from both 

probe trials that tested for transitive relations and 

probe trials that presented the trained trials? It was 

hypothesized that while the second-order stimuli were 

necessary for the establishment of the classes, the 
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presence of the second-order stimuli would not be 

necessary for demonstration of the transitive relations 

since, for example, CE should result from training in 

both I and IV. However, it was hypothesized that 

without the "instructional value" of the second-order 

stimulus, correct responding to probes for the trained 

relations in the absence of the second-order stimuli 

should be disrupted. 

Method 

Subjects 

Three adults who were not subjects in Experiments 

1-A and 1-B served. Subjects were recruited as in 

Experiment 1-A. Subject 1 was a 19-year-old, female, 

freshman; Subject 2 was 24, female, and a freshman; 

and Subject 3 was 19, female, and a sophomore. 

Apoaratus and Stimuli 

The apparatus in this experiment was the same as in 

Experiments 1-A and 1-B. Eight of the stimuli used in 

Experiments 1-A and 1-B were used in Experiment 2. 

These stimuli are shown in Figure 12. 

Design 

A probe design was used where subjects responded to 

probe trials designed to assess the effects of the 

preceding training. The cycle of training and testing 
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Figure 12. Stimuli used in Experiment 2. 
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varied with each subject depending upon their 

performances. This cycle is detailed in Table 13. 

Training and testing conditions are described below. 

Training Procedures 

All general procedures and pretraining in this 

experiment were identical to those used in Experiment 1-

A. Specific training and probe conditions differed. 

Initial training. Table 14 shows all of the trial

types that were trained. Training began for all 

subjects with the first four relations (X-AC, Y-AB, X

DB, and Y-DC) and their symmetrical counterparts for a 

total of eight trial-types. Subjects received correct 

feedback for each correct response. Ten trials of each 

of these trial-types were presented in each 80-trial 

session. To this point, the training was identical to 

training in Experiment 1-A. 

Following two complete sessions of 90% correct 

responding or better, the remaining four relations in 

Table 14 and their symmetrical counterparts (eight 

trial-types) were trained separately in a manner 

identical to the first eight trial-types. When correct 

responding was 90% or greater for two consecutive 

sessions, the subjects were trained with new sessions 

consisting of all 16 trial-types. When correct 

responding was 90% or greater for two consecutive 

sessions, the frequency of feedback for correct 
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Table 13 

Sequence of Conditions for Subjects in Experiment 2 

S1 sz S3 

Train 1st eight (9) Train 1st eight (2) Train 1st eight (6) 

trial-types trial-types trial-types 

Train 2nd eight (3) Train 2nd eight (2) Train 2nd eight (2) 

trial- types trial-types trial-type s 

Train sixteen (2) Train six teen (2) Train sixteen (2) 

trial- types trial- types trial-types 

Tra i n (no sym- (2) Train six teen (2) Train sixteen (2) 
me try) trial-types trial-types 

(reduced feedback) (reduced feedback) 
Train (no sym- (2) 
me try) 

(reduced feedback) 

Test 2 (4) Test 2 (5) Test 2 (3 ) 
(no syrrm baseline) 

Test 3 (2) Train (no sym- (2) 

metry) 

Test 2 ( 1) Train (no sym- (2) 

metry) 
(reduced feedback) 

Test 3 (1) Test 1 (2) 

(no syrrrnetry in 
baseline) 

Test 4 (3) 

Note. Number of sessions shown in parentheses. 



Table 14 

Training Trial-types for Experiment 2 

Relation 

X-AC 

Y-AB 

X-DB 

Y-DC 

X-AE 

Y-AF 

X-DF 

Y-DE 

Sec-Order 

x 
x 

y 
y 

x 
x 

y 
y 

x 
x 

y 
y 

x 
x 

y 
y 

Sample 

A 
c 

A 
B 

D 
B 

D 
c 

A 
E 

A 
F 

D 
F 

D 
E 

Comparisons 

Correct 

c 
A 

B 
A 

B 
D 

c 
D 

E 
A 

F 
A 

F 
D 

E 
D 

Incorrect 

B 
B 

c 
c 

c 
c 

B 
B 

F 
F 

E 
E 

E 
E 

F 
F 
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responding was lowered to 25% of the correct trials in 

the 80-trial sessions. As in Experiment 1-A, the 

correction procedure was not in effect during reduced 

feedback. 

Training with no symmetry trials. Subsequent to 

the initial training, Subject 1 and Subject 2 were given 

training trials that were identical to those described 

in the initial training except that they contained no 

symmetrical trial-types. This is illustrated by only 

the top lines of each of the eight relations shown in 

Table 14. 

Probe Tests 

As in Experiment 1-A and 1-B, each probe session 

consisted of twenty-four unreinforced probes randomly 

inserted into a baseline of all the training trial-types 

with feedback to the subject on 25 % of correct trials. 

The correction procedure was never in effect during test 

sessions. The number of probe-test sessions varied for 

each subject. These are shown in Table 13. 

Test 1. These probes were designed to test for 

symmetrical relations following training sessions that 

contained no symmetrical trial-types. Only Subject 3 

was tested with these probes. Test 1 probe trial-types 

are shown in Table 15. These symmetrical probes differ 

from the symmetrical trial-types used in training. 
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Rather than simply reversing the sample and correct 

comparison--with all other stimuli remaining the same-

to produce symmetrical trial-types, Test 1 probes 

consisted of the second-order stimulus, the origninal 

Table 15 

Probe Trial-Types for Test 1 

1. X-C(A D) 5. X-E(A 0) 

2. Y-B(A D) 6. Y-F(A 0) 

3. X-B(D A) 7. X-F(D A) 

4. Y-C(D A) 8. Y-E(D A) 

sample and correct comparison reversed, and the 

remaining, unused sample as the incorrect comparison. 

Test 2. These probes were designed to test for 

the emergence of the derived relations (see Figure 11) 

under the control of the second-order stimulus within 

each of the four, three-member stimulus classes. As 

shown in the upper portion of Table 16, each relation 

(e.g., X-CE) was tested with three different incorrect 

comparisons. In addition, each relation was tested for 

the symmetrical relation. 

Test 3. Because of her performance on Test 2 

probes, Subject 2 received sessions with Test 3 probes. 
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Table 16 

Relations and Trial-Types for Test 2 and Test 3 Probes of 
Experiment 2 

TEST 2 TRIAL-TYPES 

Relation Sec-Order Sample Comparisons 

X-CE 1. x c E D 
2. x E c D 
3 • x c E B 
4. x E c B 
5. x c E F 
6. x E c F 

Y-CE 1. y c E A 
2. y E c A 
3 • y c E B 
4 • y E c B 
5. y c E F 
6. y E c F 
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X-BF 1. 

2. 
3 • 
4. 
5. 
6. 

Y-BF 1. 
2. 
3 • 
4. 
5. 
6. 

Y-CE 

X-CE 

Y-BF 

X-BF 

x 
x 
x 
x 
x 
x 

y 
y 
y 
y 
y 
y 

TEST 

y 
y 

x 
x 

y 
y 

x 
x 

3 

B 
F 
B 
F 
B 
F 

B 
F 
B 
F 
B 
F 

TRIAL-TYPES 

c 
E 

c 
E 

B 
F 

B 
F 

F 
B 
F 
B 
F 
B 

F 
B 
F 
B 
F 
B 

E 
c 

E 
c 

F 
B 

F 
B 

A 
A 
E 
E 
c 
c 

D 
D 
E 
E 
c 
c 

D 
D 

A 
A 

A 
A 

D 
D 



These probes were designed to test the potential 

disrupting effect of reversing the second-order 

stimulus. By reversing the second-order stimulus in 

some of the Test 2 configuations, new trial-types (Test 

3) were produced where both comparisons were potentially 

related to the sample via the second-order stimulus. The 

trial-types probed in this set are shown in the bottom 

portion of Table 16. Each of the two trial-types for 

each relation in Test 3 were identical to the first two 

trial-types of each relation in Test 2 with the 

following exception: In each of the four relations in 

Test 3, the second-order stimulus has been reversed 

from the one in Test 2 probes. For example, in Test 2, 

the second-order stimulus, X, of the trial-type, X-C(E 

D), has been changed to Y, as in the trial-type, Y-C(E 

D) in Test 3. 

Test 4. Because of her performance on Tests 2 and 

3, Subject 2 was tested with probes from Test 4 (see 

Table 17). Test 4 probes were designed to test the 

effects of removing the second-order stimulus from 

transitivity probes and trials resembling training 

trials. Thus, as shown in Table 17, relations 0-CE and 

0-BF were identical to Test 2 probes for transitivity 

except that the second-order stimulus was not presented. 

The remaining probe trial-types of Test 4 were identical 

to training trials except that the second-order stimulus 
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Table 17 

Test 4 Probes for Experiment 2 

Relation 

0-CE 

0-BF 

0-AC 

0-AE 

0-DB 

0-DF 

0-AB 

0-AF 

0-DC 

0-DE 

Sec-Order 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

Sample 

c 
E 
c 
E 

B 
F 
B 
F 

A 
c 

A 
E 

D 
B 

D 
F 

A 
B 

A 
F 

D 
c 

D 
E 

Comparisons 

E 
c 
E 
c 

F 
B 
F 
B 

c 
A 

E 
A 

B 
D 

F 
D 

B 
A 

F 
A 

c 
D 

E 
D 

F 
F 
B 
B 

E 
E 
c 
c 

B 
B 

F 
F 

c 
c 

E 
E 

c 
c 

E 
E 

B 
B 

F 
F 
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was not presented. As in Experiment 1-A, on probes that 

contained no second-order stimulus in the trial-type, 

the first stimulus to appear was the sample. 

Results and Discussion 

Training 

Figure 13 shows the results of the Training 

sessions for Subjects 1, 2, and 3. As shown, the 

subjects varied greatly in the number of sessions to the 

training criterion with the first eight trial-types. 

Subject 2 learned the first eight trial-types (phase A) 

very quickly reaching criterion in two sessions. 

Subject 3 learned the first eight trial-types in six 

sessions while Subject 1 took nine sessions to reach 

criterion performance. All subjects learned the next 

eight trial-types within three sessions. All subjects 

met criterion with all 16 trial-types within the minimum 

two sessions. When the correct feedback was reduced, 

all subjects reached criterion responding within the 

minimum two sessions. 

Subject 1 was given four additional sessions of 

training trials that contained no symmetrical trial

types before Test 2 probes were presented. Subject 1 

reached the training criterion for both the 100% and 25% 

feedback conditions in the minimum number of sessions 

( 2) • 

Each subject in Experiment 2 was tested with 
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Figure 13. Results of training conditions for Subjects 
1, 2, and 3. A= first 8 trial-types; B = second 8 
trial-types; c = all 16 trial-types; D = all 16 trial
types--reduced feedback; E = training with no symmetry 
trials; F = training with no symmetry trials--reduced 
feedback. 
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differing orders of probe tests and different numbers of 

sessions for each probe test as a function of individual 

training and probe performance. Hence, the results of 

the probe tests are presented separately for each 

subject. 

Probe Tests: Subject 3 

Test 2. The results of Test 2 probes for Subject 3 

are shown in Table 18. The bottom line of the table 

shows the percent correct responding to probes for each 

session. During sessions one and two, responding to 

probes was at chance levels. During session 3, no 

correct responses were made. 

A closer examination of Table 18 shows that no 

correct responses were made in any session when the 

second comparison was either Dor A regardless of the 

relation being tested. If the means for correct 

responding to a session of Test 2 probes are calculated 

with all trial-types which contained Dor A as the 

incorrect comparison removed, then the percentages would 

be 75%, 88%, and 0% for sessions 1, 2, and 3 

respectively. 

One reason that there may have been a greater 

tendency to respond to the D and A stimuli in Test 2 

probes was the greater frequency with which they were 

reinforced during training. Table 19 shows the number 

of times in each session that each comparison appeared 
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Table 18 

Results of Test 2 Probes in Experiment 2 for Subject 3 

Relation Trial-Type Session 

1 2 3 

X-CE X-C(E D) 0/1 0/1 0/1 

X-C(E B) 1/1 1/1 0/1 

X-C(E F) 1/ 1 0/1 0/1 

X-EC X-E(C D) 0/1 0/1 0/1 

X-E(C B) 0/1 1/1 Q/1 

X-E(C F) 1/1 1/1 0/1 

Y-CE Y-C(E A) 0/1 0/ 1 0/ 1 

Y-C(E B) 1/1 1/ 1 0/1 

Y-C(E F) 0/1 1/1 0/1 

Y-EC Y-E(C A) 0/1 0/1 0/1 

Y-E(C B) 1/1 1/1 0/1 

Y-E(C F) 1/1 1/1 0/1 

X-BF X-B(F A) 0/1 0/1 0/1 

X-B(F E) 1/1 1/1 0/1 

X-B(F C) 1/1 1/1 0/1 

X-FB X-F(B A) 0/1 0/1 0/1 

X-F(B E) 1/1 1/1 0/ 1 

X-F(B C) 0/1 1/1 0/ 1 

Y-BF Y-B(F D) 0/ 1 0/ 1 0/1 

Y-B(F E) 1/ 1 1 /1 0/1 

Y-B(F C) 1/1 0/1 0/1 
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(Table 18 continued) 

Y-FB Y-F(B D) 0/1 0/1 0/1 

Y-F(B E) 1/1 1/1 0/1 

Y-F(B C) 0/1 1/1 0/1 

Mean Percent 
Correct per Session 50% 58% 00% 



as correct and incorrect for each of the 16 trial-types 

used in training. Note that stimuli D and A were 

Table 19 

Frequency Per Session of Correct and Incorrect 

Stimuli for each Comparison Stimulus 

Correct Incorrect -

A - 20 A - 0 

B - 10 B - 20 

c - 10 c - 20 

D - 20 D - 0 

E - 10 E - 20 

F - 10 F - 20 

correct 20 times each and did not appear at all as 

incorrect compari~ons during training. A closer 

examination of the training trial-types (see Table 14) 

reveals that this was the result of the method used to 

set up the symmetrical trial-types: simply reversing 

the correct comparison and the sample to produce 

symmetry trial-types. 

Test 1. Before Test 1 probes were presented, 

Subject 3 was given four additional sessions of training 

(two at 100% correct feedback and two at 25% correct 
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feedback) that were identical to those in the initial 

training except that no symmetrical trials wer e present. 

Subject 3 met criteria in the minimum number of 

sessions. The trial-types from these training sessions 

were used as the baseline into which Test 1 probes were 

inserted. 

The results from Test 1 probes with Subject 3 are 

shown in Table 20. These results indicate that Subject 

3 did n ot demonstrate symmetrical relations. 

Probe Tests: Subject 1 

Subject 3 completed the probe tests from Experiment 

2 before Subject 1 had completed the initial training. 

Because Subject 3 did not demonstrate transitivity, and 

because the original symmetrical trial-types in the 

initial training might have precluded such performance, 

Subject 1 was given additional training sessions with 

trials containing no symmetrical trial-types. The 

training criteron was met in the minimum number (2) of 

sessions. 

Test 2. Subject 1 was presented with Test 2 probes 

that were identical to the Test 2 probes presented to 

Subject 3 except that the baseline into which the probes 

were inserted contained no symmetrical trials. 

The results of Test 2 probes with Subject 1 are 

shown in Table 21. Across the four sessions of Test 2 

probes, percent correct responding was below chance 
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Table 20 

Results of Test 1 Probes in Experiment 2 for Subject 3 

Trial-Type Session 

1 2 

1. X-C(A D) 3/ 3 2/ 3 

2. Y-B(A D) 3/ 3 3/ 3 

3 . X-B(D A) 0/ 3 2/ 3 

4 . Y-C(D A) 3/ 3 2/ 3 

5 . X-E(A D) 2/3 3/ 3 

6. Y-F(A D) 2/ 3 3/ 3 

7 . X-F(D A) 0/ 3 1/ 3 

8 . Y-E(D A) 2/ 3 1/ 3 

Mean Percent 
Correct per Session 63 % 71 % 
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Ta b le 21 

Results of Test 2 Probes for Subject 1 

Relation Trial-Type Session 

1 2 3 4 

X-CE 1. X-C(E D) 1/ 1 1/ 1 0 / 1 0/ 1 

2 . X-C(E B) 1/ 1 0/ 1 0/ 1 0/ 1 

3. X-C(E F) 0/ 1 0/ 1 1/ 1 0/ 1 

X-EC 1. X-E(C D) 0/ 1 0/ 1 0/ 1 0/ 1 

2 . X-E(C B) 0/ 1 0 / 1 0 / 1 0/ 1 

3 . X-E(C F) 0/ 1 0/ 1 1/ 1 1/ 1 

Y-CE 1. Y-C(E A) 1/ 1 0/ 1 1/ 1 1/ 1 

2. Y-C(E B) 0/ 1 0/ 1 0/ 1 0/ 1 

3. Y-C(E F) 1/ 1 1/ 1 0/ 1 1/ 1 

Y-EC 1. Y-E(C A) 0/ 1 0/ 1 0 / 1 0/ 1 

2. Y-E(C B) 0/ 1 0 / 1 0 / 1 0 / 1 

3. Y-E(C F) 1/ 1 0/ 1 1/ 1 1/ 1 

X-BF 1. X-B(F A) 0/ 1 0/ 1 0/ 1 0/ 1 

2. X-B(F E) 0/ 1 0/ 1 0 / 1 0/ 1 

3. X-B(F C) 1/ 1 0/ 1 0 / 1 0 / 1 

X-FB 1. X-F(B A) 1/ 1 1/ 1 1 / 1 1/ 1 

2. X-F(B E) 0/1 0/1 0/1 0/1 

3. X-F(B C) 0/1 0/1 0/1 1/ 1 

Y-BF 1. Y-B(F D) 0/1 0/1 0/1 0/ 1 

2 . Y-B(F E) 0/ 1 0/ 1 0/ 1 0/1 

3. Y-B(F C) 0/ 1 0/ 1 0/ 1 0 / 1 
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(Table 21 continued) 

Y-FB 1. Y-F(B D) 1/1 1/1 1/1 0/1 

2 . Y-F(B E) 0/1 0/1 0/1 0/1 

3 . Y-F(B C) 0/1 1/1 0/1 0/1 

Mean Percent 
Correct per Session 30% 33% 25% 25% 

-----



levels (i.e., 50% correct) indicating the absence of the 

transitive relations. Unlike Subject 3, Subject 1 did 

not demontrate a strong tendency to respond to the A and 

D stimuli during probes. Of the 32 opportunities to do 

so, 20 responses were made to Dor A when they appeared 

as comparison stimuli. 

Probe Tests: Subject 2. 

Subsequent to the init i al training, Subject 2 was 

presented with Test 2 probes to test for transitivity. 

Because of Subject 2's performance, Test 2 probes were 

followed by Test 3 probes which assessed the results of 

reversing the second-order s timulus. These t wo probe 

tests were then replicated with a session each. 

Finally, Subject 2 was presented with Test 3 probes that 

were designed to assess the effects of removing the 

second-order stimulus from transitive and trained 

trials. 

Test 2. The results of Test 2 probes are shown in 

Table 22. In the first session, Subject 2 only scored 

38% correct. However, the percent correct per session 

increased until Subject 2 demonstrated 100% correct on 

the final session indicating the presence of the 

transitive relations. 

Test 3. Because Subject 2 demonstrated the 

transitive relations via Test 2 probes, Test 3 probes, 
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Table 22 

Results of Test 2 Probes for Subject 2 

Relation Trial-Type Session 

1 2 3 4 

X-CE 1. X-C(E D) 0/ 1 1/ 1 0/1 1/ 1 

2. X-C(E B) 0/1 1/1 0/1 1 / 1 

3. X-C(E F) 0/1 0 / 1 1/1 1 /1 

X-EC 1. X-E(C D) 0/1 0 / 1 1 / 1 1/1 

2. X-E(C B) 0 /1 0 / 1 1 / 1 1 /1 

3. X-E(C F) 0/1 0/ 1 1/ 1 1 / 1 

Y-CE 1. Y-C(E A) 0/ 1 0 / 1 1 / 1 1/ 1 

2. Y-C(E B) 0 / 1 0 / 1 1/1 1/ 1 

3. Y-C(E F) 0 / 1 0 / 1 1 / 1 1 / 1 

Y-EC 1. Y-E(C A) 0/ 1 0 / 1 1 / 1 1 / 1 

2. Y-E(C B) 0/ 1 0/1 1 /1 1/ 1 

3 . Y-E(C F) 0 / 1 0/ 1 1 / 1 1 / 1 

X-BF 1. X-B(F A) 0/1 0/1 1/1 1 / 1 

2. X-B(F E) 1/1 1/1 1/1 1/1 

3. X-B(F C) 1/ 1 1/1 1/ 1 1 / 1 

X-FB 1. X-F(B A) 0 / 1 1 / 1 1/ 1 1 / 1 

2. X-F(B E) 1/1 1/1 1/1 1/1 

3 . X-F(B C) 1/1 1/1 1/1 1/1 

Y-BF 1. Y-B(F D) 0/1 1/1 1/1 1/1 

2. Y-B(F E) 1 / 1 1/1 1/1 1/ 1 

3. Y-B(F C) 1 / 1 1 / 1 1 / 1 1 / 1 
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(Table 22 continued) 

Y-FB 1. Y-F(B D) 1/1 1/1 0/1 1/1 

2. Y-F(B E) 1/1 1/1 1/1 1/1 

3. Y-F(B C) 1/1 1/1 1/1 1/1 

Mean Percent 
Correct per Session 38% 58% 83% 100% 



which reversed the second-order stimulus for trial-types 

from Test 2, were presented. The results of this probe 

test are shown in Table 23. Although neither comparison 

was "correct" --both comparisons potentially could be in 

a relation with the sample via the second-order 

stimulus-- choices to CE, EC, BF, or FB were scored as 

correct for purposes of calculating the percent correct 

for a given session. As shown in Table 23, the subject 

did not continue to respond to the transitive relations 

as she did during Test 2 probes. As shown by the 

percent "correct" scores of 21 and 25 for the first and 

second sessions, respectively, Subject 2 made a majority 

of responses away from the transitive comparison. 

Test 2 and Test 3 replication. As shown in Table 

24, the results of Test 2 and Test 3 probes were 

replicated with one session of each test. Test 2 probes 

remained at 100% correct responding while reversing the 

second-order stimulus in Test 3 probes again decreased 

the percentage of correct responses (13%). 

Test 4. Because Subject 2 clearly demonstrated 

transitive relations, three sessions of Test 4 probes 

were presented. Within each session were probes 

designed to test the transitive relations in the absence 

of the second-order stimulus (see top portion of Table 

25) as well as the trained relations in the absence of 

124 



125 

Table 23 

Results of Test 3 Probes for Subject 2 

Relation Trial-Type Session 

1 2 

Y-CE Y-C(E D) 1/3 0/3 

Y-E(C D) 1/3 0/3 

X-CE X-C(E A) 0/3 0/3 

X-E(C A) 0/3 0/3 

Y-BF Y-B(F A) 0/3 2/3 

Y-F(B A) 1/ 3 1/ 3 

X-BF X-B(F D) 0/3 0/ 3 

X-F(B D) 2/3 2/3 

Percent "Correct" per Session 21% 25 % 



Table 24 

Results of Test 2 and Test 3 Replication Probes for 

Subject 2 

Test 2 Test 3 

Relation Trial-Type Session Relation Trial-Type Session 

X-CE ,. X-C(E D) 1/1 Y-CE 1. Y-C(E D) 0/3 

2. X-C(E B) 1/1 

3. X-C(E F) 1/1 

X-EC 1. X-E(C D) 1/1 Y-EC 1. Y-E(C D) 0/3 

2. X-E(C B) 1/1 

3. X-E(C F) 1/1 

Y-CE 1. Y-C(E A) 1/1 X-CE 1. X-C(E A) 0/3 

2. Y·C(E B) 1/1 

3. Y-C(E F) 1/1 

Y·EC 1. Y·E(C A) 1/1 X-EC 1. X-E(C A) 0/3 

2. Y·E(C B) 1/1 

3. Y·E(C F) 1/1 

X-BF 1. X·B(F A) 1/1 Y·BF ,. Y·B(F A) 1/3 

2. X·B(F E) 1/1 

3 . X-B(F C) 1/1 

X· FB 1. X-F(B A) 1/1 Y-FB 1. Y-F(B A) 1/3 

2. X·F(B E) 1/1 

3. X-F(B C) 1/1 
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(Table 24 continued) 

Y-BF 1. Y-B(F D) 1/1 X-BF 1. X-B(F D) 0/3 

2. Y-B(F E) 1/1 

3. Y-B(F C) 1/1 

Y-FB 1. Y-F(B D) 1/1 X-FB 1. X-F(B D) 1/3 

2. Y-F(B E) 1/1 

3. Y-F(B C) 1/1 

Mean Percent 
Correct per Session 100% 13% 
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Table 25 

Results of Test 4 Probes for Subject 3 

Relation Trial-Type Session 

1 2 3 

0-CE 0-C(E F) 1/1 1/ 1 1/1 

0-C(E B) 1/ 1 1/ 1 1/ 1 

0-EC 0-E(C F) 1/ 1 1/ 1 1/ 1 

0-E(C B) 1/1 1/ 1 1/ 1 

0-BF 0-B(F E) 1/1 1/ 1 1/ 1 

0-B(F C) 1/ 1 1/ 1 1/ 1 

0-FB 0-F(B E) 1/ 1 1/ 1 1/ 1 

0-F(B C) 1/1 1/ 1 1/ 1 

Percent Correct per Session 100% 100% 100 % 

-----------------------------------------------------------
0-AC 0-A(C B) 1/ 1 1/1 1/ 1 

0-CA 0-C(A B) 1/ 1 1/ 1 1/1 

0-AE 0-A(E F) 1/1 1/1 1/ 1 

0-EA 0-E(A F) 1/1 1/1 1/ 1 

0-DB 0-D(B C) 0/ 1 0/1 1/ 1 

0-BD 0-B(D C) 1/ 1 1/ 1 1/ 1 

0-DF 0-D(F E) 0/1 0/1 0/1 

0-FD 0-F(D E) 1/1 1/1 1/1 

0-AB 0-A(B C) 0/1 0/1 1/ 1 

0-BA 0-B(A C) 1/1 1/1 1/ 1 

0-AF 0-A(F E) 0/ 1 0/1 0/ 1 



(Table 25 continued) 

0-FA 0-F(A E) 1/1 1/1 1/ 1 

0-DC 0-D(C B) 1/1 1/1 1/1 

0-CD 0-C(D B) 1/1 1/1 1/1 

0 - DE 0-D(E F) 1/1 1/1 1/ 1 

0-ED 0-E(D F) 1/1 1/ 1 1/ 1 

Percent "Correct" per Session 63 % 63 % 88 % 

Note. A zero in place of the se c ond-order stimulus 
denotes the absence of the second-order stimulus. The 
top portion of Table 25 represents t h e transitive probes 
in the absence of the second-order stimulus while the 
lower portion of Table 25 represents probes of the 
trained relations in the absence of the second-order 
stimulus. In the lower portion of the table, neither 
stimulus was "correct", though the left comparison was 
scored as such. 
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the second-order stimulus (see lower portion of Table 

25) Subject 3 demonstrated transitive relations in the 

absence of the second-order stimulus with 100% accuracy 

throughout all three sessions of Test 4 probes. 

As shown in the lower portion of Table 25, each of 

the 16 trained trial-types, minus the second-order 

stimulus, were also presented in Test 4 as probe trials. 

During training, the second-order stimulus instructed 

which comparison would be correct with the sample. 

Removing the second-order stimulus, and presenting these 

trial-types should result in something other than 100% 

performance since neither stimulus was "correct". The 

percent correct scores for these probes were 63, 63, and 

88 for sessions one, two, and three, respectively. 

General Discussion: Experiment 2 

Of the three subjects in Experiment 2, only Subject 

2 demonstrated the transitive relations. In doing so, 

only Subject 2 demonstrated four, functionally separate, 

equivalent classes of stimuli under second-order 

control. 

If, during the formation of equivalence classes, it 

is found that a subject is not demonstrating one of the 

trained relations and, at the same time, not 

demonstrating equivalence relations, then, logically, 

training the deficient relation of the potential 

equivalence class should result in transitivity (cf. 
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Sidman & Tailby, 1982). This logic cannot be used to 

explain the absence of transitivity with Subjects 1 and 

3 since responding to the trained relations in the 

baseline into which the tests were inserted, was, at all 

times, above 90% correct. Hence, factors other than 

that just described must have accounted for the results. 

One possible source of control accounting for the 

absence of transitive relations with Subject 3 was the 

disproportionate number of times that stimuli A and D 

appeared as correct comparisons during training . Such 

valence (cf. Fields et al. 1984) may have produced a 

tendency to respond to the A and D stimuli during the 

probes. Since A and D were incorrect during probe 

trials, correct responding would be less than 100%. 

Also, the trial-types in which A and D stimuli appeared 

as incorrect were identical to other probe trial-types 

with the exception of a different incorrect comparison. 

Hence, it is possible that generalization of incorrect 

responding occurred. Evidence for this comes from the 

fact that correct responding decreased to 0% across the 

three Test 2 probe sessions for Subject 3. 

It was thought that by removing the symmetry trials 

in training for Subject 1, the tendency to respond to A 

and D stimuli during Test 2 probes would be reduced, 

resulting in the transitive relations. The tendency to 

respond to A and D stimuli was not as strong as in 
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Subject 3 but the transitive relations did not emerge. 

Another effect from the disproportionate number of 

A and D stimuli appearing as correct comparisons was the 

possibility that neither Subject 1 or 3 actually learned 

some of the trained relations. Since stimuli A and D 

only appeared as correct stimuli, the subject only 

needed to respond to A or D when they appeared as 

comparisons without attending to the rest of the trial-

type. A similar result has been noted by Osborne and 

Barnard (1987). Thus, while baseline correct 

percentages remained high, the subjects may not have 

actually demonstrated the trained relations in the 

manner necessary for the emergence of the transitive 

ones. Some evidence for this comes from the symmetry 

probes presented to Subject 3. Symmetry was not 

demonstrated, and, thus, neither was a necessary 

property of equivalence relations. 

Why Subject 2 did not demonstrate the same problems 

with transitivity as did Subjects 1 and 3 is unknown. 

Subject 2 performed all probe tests as expected. Once 

it was established that the transitive relations were 

present, the second-order stimuli were reversed in Test 

3 probes. This resulted in the presentation of the 

second-order stim u lus, the sampl e , and two comparisons-

one of which wa s transitively related to the sample, and 

the other related to the sample through training. 

As expected, for Subject 2, 100% correct responding 
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to the transitive relations was di s rupted by the 

reversal of the second-order stimuli. This effect was 

replicated by repeating Tests 2 and 3 . In essence, 

these results showed that, as would logically be 

expected, having to choose t wo comparisons from the same 

class (as defined by the second-order stimulus) does not 

result in a consistent choice of one stimulus over 

another since both are related to the sample. However, 

if one comparison is from the same equivalence class as 

the sample, yet the other is from a different class (as 

in Test 2 probes), the subject will choose the stimulus 

from the same class. These results suggest further 

evidence that the training for Subject 2 resulted in 

four three-member stimulus classes that functioned 

separately even though some had stimuli in common. 

As shown in Figure 11, the transitive relations, CE 

and BF should have resulted twice each in the four 

stimulus classes via different second-order stimuli and 

samples. These did in fact result with Subject 2. Once 

the classes were established, Test 4 probes demonstrated 

that the second-order stimulus was not necessary for 

correct responding to the transitive relations, CE/EC 

and BF/FB, but was necessary for responding to trained 

relations. 
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EXPERIMENT 3-A 

In Experiment 2, only one of the three subjects 

demonstrated the transitive relations necessary for 

inferring conditional control of equivalence relations. 

It was found that the training trial-types used during 

symmetrical trials were a likely alternate source of 

control for subjects who did not demonstrate responding 

consistent with conditional control of equivalence 

relations. 

In Experiment 3-A, two subjects from Experiment 2 

were given additional training sessions similar to 

training in Experiment 2. The difference in training, 

however, was that each comparison stimulus appeared 

equally often as correct and incorrect. The 

experimental question was whether this training would 

result in demonstrations of transitive relations by 

Subjects 1 and 3. 

Method 

Subjects 

The subjects of Experiment 3-A were Subjects 1 and 

3 from Experiment 2. 

Apparatus and Stimuli 

The apparatus and stimuli used in this Experiment 

were the same as in Experiment 2. 
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Design 

As in Experiment 2, a probe design was u s ed. The 

cycle of training, testing and number of sessions 

varied with each subject. This cycle is detailed in 

Table 26. The training and testing conditions are 

described below. 

Training Procedures 

All general training procedures in this experiment, 

including correction and no correction procedures 

corresponding to different feedback conditions, were 

identical to those used in Experiment 2. Specific 

training and probe conditions differed. 

Training trials. All subjects were given training 

sessions that contained the sixteen trial-types shown in 

Table 27. The first trial-types of each relation was 

identical to those used in Experiment 2. The 

symmetrical trial-types of each relation were also 

identical to those used in Experiment 2 with the 

exception of the incorrect comparison. In Experiment 2, 

symmetrical trial-types were formed by simply reversing 

the the sample and correct comparison leaving all other 

stimuli the same. For example, the trial-type for the 

relation X-AC was X-A(C* B) whil e the symmetrical 

counterpart was X-C(A* B). The symmetrical trial-types 

used in training in Experiment 3-A were formed by 

135 



Table 26 

Sequence of Conditions for Subjects in Experiment 3-A 

Sl 

Train sixteen 
trial-types 

( 3) 

Train sixteen (3) 
trial-types 
(reduced f e edback) 

Test 2 ( 2) 

Test 4 (1) 
(reduced feedback) 

S3 

Tr ain sixteen 
trial-types 

( 2) 

Train sixteen (2) 
trial-types 
(reduced feedback) 

Test 2 

Train sixteen 
trial-types 

Test 2 

( 2) 

(1) 

( 2) 

Not_g_.!... The training and testing are listed in the order 
of occurrence for each subject. Tables 27, 28, and 29 
list the stimulus arrays corresponding to the training 
and testing conditions for each subject. The number of 
sessions for each condition is shown in parentheses . . 
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Table 27 

Training Trial-Types for Exp e riment 3-A 

Relation 

X-AC 

Y-AB 

X-DB 

Y-DC 

X-AE 

Y-AF 

X-DF 

Y-DE 

Sec-Order 

x 
x 

y 
y 

x 
x 

y 
y 

x 
x 

y 
y 

x 
x 

y 
y 

Sample 

A 
c 

A 
B 

D 
B 

D 
c 

A 
E 

A 
F 

D 
F 

D 
E 

Comparisons 

Correct 

c 
A 

B 
A 

B 
D 

c 
D 

E 
A 

F 
A 

F 
D 

E 
D 

Incorrect 

B 
D 

c 
D 

c 
A 

B 
A 

F 
D 

E 
D 

E 
A 

F 
A 
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re v ersing the sample and correct comparison, but, in 

addition, inserting the remaining, unused sample as the 

incorrect comparison. Keeping the example used above, 

the trial-type for the relation X-AC was X-A(C* B) while 

the symmetrical counterpart was X-C(A* D) in the present 

experiment. Thus, just as c and B, and E and F always 

appear as comparisons together--and, therefore equally 

often as correct and incorrect comparisons--so do A and 

D always appear as comparisons together. 

Probe Tests 

As in Experiment 2, each probe session consisted of 

twenty-four unreinforced probes randomly inserted into a 

baseline of all the training trial-types with feedback 

to the subject at 25% of correct responses. The 

correction procedure was never in effect during test 

sessions. The number of probe-test sessions for e ach 

subject varied (see Table 26). 

Test 2. As in Experiment 2, Test 2 probes from 

Experiment 3-A were designed to test for the emergence 

of the four transitive relations. Unlike Test 2 probes 

from Experiment 2, Test 2 probe trial-types from 

Experiment 3-A were not repeated with different 

incorrect comparisons. Rather, the comparisons 

reflected the pairing of stimulus E with F and c with B 

as used in training and probe baselines. Each trial

type is shown in Table 28. Since there were only eight 
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Table 28 

Relations and Trial-Types for Tes t 2 Probes of Expe r iment 

3-A 

Relation Sec-Order Sample Comparisons 

X-CE x c E F 

X-EC x E c B 

Y-CE y c E F 

Y-EC y E c B 

X-BF x B F E 

X-FB x F B c 

Y-BF y B F E 

Y-FB y F B c 
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probe trial-types, each appeared three times during a 

probe session. 

Test 4. Because of her performance on Test 2 

probes, Subject 2 was given a session of Test 4 probes 

(see Table 29). As in Experiment 2, these probes were 

designed to assess the effect of removing the second

order stimulus from transitive and trained r e lations. 

These probes were identical to Test 2 probes with the 

second-order stimulus removed and to the training trial

types with the second-order stimulus removed. 

Results and Discussion 

Training 

Both subjects were able to respond to the training 

sessions--100% and 25% feedback--to criteria within a 

few sessions (see Table 30). 
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Table 29 

Test 4 Probes from Experiment 3-A 

Relation 

0-CE 

0-BF 

0-AC 

0-AE 

0-DB 

0-DF 

0-AB 

0-AF 

0-DC 

0-DE 

Sec-Order 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

Sample 

c 
E 

B 
F 

A 
c 

A 
E 

D 
B 

D 
F 

A 
B 

A 
F 

D 
c 

D 
E 

Comparisons 

E 
c 

F 
B 

c 
A 

E 
A 

B 
D 

F 
D 

B 
A 

F 
A 

c 
D 

E 
D 

F 
B 

E 
c 

B 
D 

F 
D 

c 
A 

E 
A 

c 
D 

E 
D 

B 
A 

F 
A 

Note. Each line depicts a relation and probe trial
type. The 110 11 denotes the absence of the second-order 
stimulus. Within each relation, the symmetrical trial
type is also presented. The first two relations are the 
transitive relation probes and the second eight are the 
trained relation probes. 
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Table 30 

Results of Training for Experiment 3-A 

Subject 1 Subject 2 

Training 86% 98 % 

94% 98 % 

96% 

Training 
(Reduced 99% 100 % 
feedback) 

100% 100 % 

100% 

Probe Tests: Subject 1 

Test 2. The results of Test 2 probes fo r Subject 1 

are shown in Table 31. In the first Test 2 p ro be 

session, Subject 1 responded to probes with only 38% 

accuracy. However, in the second session, Subject 1 

only missed a single probe trial-type, X-E(C B), thereby 

demonstrating the transitive relations. 

Test 4. Because Subject 1 demonstrated 

transitivity on Test 2 probes, Test 4 probes were 

presented. Only a single session of Test 4 probes was 

presented to Subject 1. (Subject 1 terminated 

participation in the experiment entirely following this 

session.) As shown in the upper portion of Table 32, 

Subject 1 responded incorrectly once each to relations 
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Table 31 

Results of Test 2 Probe s for Subject 1 

Relation Trial-Type Session 

1 2 

X-CE X-C(E F) 1/ 3 3/3 

X-EC X-E(C B) 1/3 2/ 3 

Y-CE Y-C(E F) 1/ 3 3/ 3 

Y-EC Y-E(C B) 1/3 3/ 3 

X-BF X-B(F E) 0/3 3/3 

X-FB X-F(B C) 1/3 3/ 3 

Y-BF Y-B(F E) 2/ 3 3/ 3 

Y-FB Y-F(B C) 2/ 3 3/ 3 

Percent Correct per Session 38 % 96% 



Table 32 

Results of Test 4 Probes for Subject 1 during 
Experiment 3-A 

Relation Trial-Type Session 

0-CE 0-C(E F) 1/2 

0-EC 0-E(C B) 1/2 

0-BF 0-B(F E) 2/2 

0-FB 0-F(B C) 2/2 

Per cent Correct per Session 75% 

----------------------------------------------
0-AC 0-A(C B) 2/2 

0-CA 0-C(A D) 2/2 

0-AE 0-A(E F) 0/2 

0-EA 0-E(A D) 1/2 

0-DB 0-D(B C) 0/2 

0-BD 0-B(D A) 1/2 

0-DF 0-D(F E) 1/2 

0-FD 0-F(D A) 0/2 

Percent Correct per Session 44% 
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Note. A zero in place of the second-order stimulus denotes 
the absence of the second-order stimulus. The top portion 
of Table 32 represents the transitive probes in the absence 
of the second-order stimulus while the lower portion of 
Table 32 represents probes of the trained relations in the 
absence of the second-order stimulus. In the lower portion 
of the table, neither stimulus was "correct", though the 
left comparison was scored as such. 



0-C E and 0-EC. However, all responses to 0-BF and 0-FB 

were correct. As expected, no systematic responding 

occur re d to the probes repre s enting training trials 

minus the second-order stimulus (see lower portion of 

Table 32). 

Probe Tests: Subject 3 

Test 2. Table 33 shows the results of Te st 2 

probes for Subject 3 . In th e first session, Subject 3 

only responded incorrectly to one trial-type, X-C(E F). 

Thus, Subject 3 demonstrated the transitive relations 

during the first session. However, during th e second 

session of Test 2 probes, the percentage of correct 

responding decreased to 46%. 

Subject 3 then received one session of trained 

trial-types alone at 100 % feedback for correct 

responding. Although the baseline percent correct 

responding remained greater than 90, it was expected 

that reinforcing the trained relations would increase 

the likelihood of recovering the transitive relations. 

However, as shown in Table 33, percent correct 

responding to the transitive probes during sessions 3 

and 4 remained at chance levels. Thus, the additional 

reinforcement of the trained relations was not 

sufficient to recover the demonstration of the 

transitive relations. 
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Table 33 

Results of Test 2 Probes for Subject 3 in 

Experiment 3-A 

Relation Trial-Type Session 

2 3 4 5 

X-CE X-C(E F) 2/3 3/3 3/3 2/ 3 2/3 

X-EC X-E(C 8) 3/3 2/3 2/3 2/ 3 2/3 

Y-CE Y-C(E F) 3/3 1/3 1/3 1/3 1/3 

Y-EC Y-E(C 8) 3/3 0/3 2/3 2/3 1/3 

X-BF X-B(F E) 3/3 0/3 1/3 0/3 2/3 

X-FB X-F(B C) 3/3 2/3 2/3 1/3 1/3 

Y-BF Y-B(F E) 3/3 1/3 0/3 3/3 2/3 

Y-FB Y-F(B C) 3/ 3 2/3 1/3 2/3 2/3 

Percent Correct per Session 96% 46% 50% 54% 54% 

Note. Between the second and third session, the subject 
received one session of training trials at 100% feedback for 
correct responses. See text for details. 



General Discussion: Experiment 3-A 

Both subjects in Experiment 3-A demonstrated 

transitive relations under the control of the second-

order stimulus. However, Subject 3 demonstrated 

transitive relations for only the first session of probe 

trials. Subsequent sessions that tested for transitive 

relations with Subject 3 resulted in chance performance. 

It appears that the new training used in this 

experiment, in which comparison stimuli appeared equally 

often as correct and incorrect, was sufficient to 

produce five-term stimulus control of equivalence 

classes with Subject 1 and, at least for the first probe 

session, with Subject 3 where no such control was 

evident under the training initiated in Experiment 2 for 

these two subjects. These results suggest that simply 

reversing the sample and the correct comparison stimuli 

to produce symmetry trial-types (as in Experiment 2) may 

have produced unwanted and difficult to isolate sources 

of stimulus control. The remainder of the study 

utilized the training trials from Experiment 3-A during 

five-term contingency training and probe baselines 

unless otherwise noted. 
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EXPERIMENT 3-B 

Experiment 3-B represented an attempt to 

functionally analyze the performance of Subject 3 and to 

recover the transitive relations demonstrated by Subject 

3 in th e first session of probes during Exper i ment 3-A. 

This was accomplished by removing the second-order 

stimuli thereby reducing the five-term contingency to 

the underlying four-term relations of which the five

term contingency was comprised. 

Referring to the upper portion of Figure 11, the 

five-term contingency can be conceptualized as two sets 

of four-term relations, each under of the control of a 

different second-order stimulus. Considering the top 

row of trial-types only, if the X stimulus is removed, 

the remaining four-term relations are AC, DB, AE, and 

OF. Similarly, if the Y stimulus is removed f rom the 

bottom row of trial-types, the remaining four-term 

relations are AB, DC, AF, and DE. If only the first set 

of four-term relations were trained separately, the 

resulting transitive relations logically would be CE 

(via stimulus A) and BF (via stimulus D). If the second 

set of four-term relations were trained separately, the 

resulting transitive relations logically would be CE 

(via stimulus D) and BF (via stimulus A). Such a 

demonstration of transitive relations is essentially 

what comprises the stimulus classes shown in the lower 



portion of Figure 11. However, these two sets of four

term relations cannot be trained together without the 

second-order stimuli since, for example, the correct 

choice of comparison B or c in the presence of sample A 

depends upon the presence of X or Y. 

Sidman (1986) has conceptualized the second-order 

stimulus as the stimulus controlling the unit of 

behavior comprised of the four-term contingency. 

Logically, then, the four-term units themselves must be 

intact for the five-term contingency to be functional. 

As shown in Experiment 1, five-term contingency training 

did not automatically result in trained, four-term 

relations once the second-order stimulus is removed. 

Perhaps the five-term training presented to Subject 3 in 

Experiments 2 and 3 did not result in the the four-term 

relations that comprise the second-order control of 

equivalence classes. The answer to this question is the 

intent of the present fuctional analysis. 

The foregoing logic was used to analyze the 

behavior of Subject 3 and as a means of recovering the 

transitive relations demonstrated briefly under the 

five-term contingency. Specifically, Subject 3 was 

given training and testing sessions that resulted in 

separate demonstrations of the four-term stimulus 

classes described above. The equivalence classes were 

then tested for five-term control as in Experiments 2 

and 3. The experimental question was whether such four-
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term relation training wa s sufficient to recover the 

transitive relations under the five-term contingency. 

Method 

subject 3 served. The apparatus, stimuli, design, 

and general training procedures were the same as those 

used in Experiments 2 and 3. 

Training and Testing Sequences 

The sequences of training and testing for Subject 

3, and the number of sessions for each, are shown in 

Table 34. Experiment 3-B was divided into two main 

sequences, each representing four-term contingency 

training prior to Test 2 probes for five-term 

contingency transitivity. Each condition of the 

sequences is described below. 

Sequence 1. As shown in the left hand portion of 

Table 34, Sequence 1 contained thirteen separ ate 

training and testing conditi on s. 

Condition 1 consisted of unidirectional training of 

the four-term relations experimentally associ ated with 

the second-order stimulus, X (i.e., AC, DB, AE, and DF) 

However, the second-order stimulus was not present 

during training. Condition 2 was identical to Condition 

1 except that feedback was reduced to 25%. 

In Condition 3, the symmetrical relations that 
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Table 34 

Sequences of Training and Testing for Subject 3 during 

Experiment 3-B 

Sequence 1 Sequence 2 

Conditio n(# of sess.) Condition(# of sess.) 

1. Train Four-Term ( 1) 1. Five-Term Training: (1) 

associated with X X Trials Only 
(reduced feedback) 

2. Train Four-Term (2) 2. Test 2: X Probes ( 1) 

associated with X Only 

(reduced feedback) 

3. Test Syrrrnetrical ( 1) 3. Train Four-Term (1) 

Relations associated with X 

4. Test Transitive ( 1 ) 4. Test Syrrrnetrical ( 1) 

Relations Relations 

5. Train Four-Term (1) 5. Test Transitive (1) 

associated with X Relati oos 

( reduced feedback) 

6. Test Transitive (4) 6. Test Transitive (1) 

Relations Relations (rein. CE) 

7. Train Four-Term (1) 7. Train Four-Term (1) 

associated with Y associated with X 
(rein. CE) 

8. Train Four-Term (1) 8. Test Transitive (1) 

associated with Y Relati oos 

( reduced feedback) 

9. Test Syrrrnetrical (1) 9. Test 2: X Probes (1) 

Relati oos Only 

10. Test Transitive (2) 10. Five-Term Training: ( 1) 

Relations Y Trials Only 
( reduced feedback) 

11. Experiment 3 Five- (2) 11. Test 2: Y Probes ( 1) 

Tenn Training Only 
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(Table 34 continued) 

12. Experiment 3 Five- (2) 12. Train Four-Term (1) 

Term Training associated with X 

(reduced feedback) (rein. CE) 

13. Test 2 (4) 13. Train Four-Term ( 1) 

associated with Y 

(rein. CE) 

14. Test 2 (2) 

15. Test 4 (3) 



would derive from training in Conditions 1 and 2 were 

tested (i.e., CA, BD, EA, and FD). Condition 4 tested 

the transitive relations (i .e., CE, EC, BF, and FB). 

Condition 5 repeated reduced feedback training of the 

four-term relations associated with X while Condition 7 

retested the transitive relations that would derive from 

the training. 

In conditions 7 and 8, subjects were 

unidirectionally trained (at 100% and 25% correct 

feedback, respectively) on four-term relations 

previously associated with Y (i.e., AB, DC, AF, and DE). 

The second-order stimulus was not present. Conditions 9 

and 10 tested the symmetrical (ie., BA, CD, FA, and ED) 

and transitive (i.e., CE, EC, BF and FB) relations that 

would derive from training four-term relations 

previously associated with Y. 

Conditions 11 and 12 were identical to training 

from Experiment 3-A. Condition 13 was identical to Test 

2 probes for transitivity fr om Experiment 3-A. 

Sequence 2. Because of her performance on Test 2 

probes in condition 13 of Se que nce 1, Subject 3 required 

additional training and testing before Test 2 probes 

were again introduced. This training and testing 

consisted of 15 separate conditions. 

Condition 1 was identical to Experiment 3-A, five

term contingency training at reduced feeback (see Table 
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27) except that only the trials containing an X as the 

second-order stimulus were presented. Condition 2 was 

identical to Experiment 3-A, Test 2 probes except that 

only Test 2 probes that contained an X as the second

order stimulus were presented (i.e., X-CE, X-EC, X-BF, 

and X-FB). The baseline for these probes consisted of 

Condition 1 trials. 

In Condition 3 subjects were unidirectionally 

trained on the four-term rel a tions previously associated 

with X (no second-order stimulus present) as in Sequence 

1. Conditions 4 and 5 teste d symmetrical and transitive 

relations that would derive f rom Condition 3 training. 

Condition 6 was identical to Condition 5 transitive 

relation probes except that each time the probed 

relation CE appeared, an inc o rrect response resulted in 

the trial being presented over again. A correct 

response resulted in correct feedback plus one point. 

Condition 7 was identical to four-term training in 

Condition 3 except that the relation CE was added to the 

trial-types trained. Thus, training consisted of 

relations AC, DB, AE, DF, and CE (the transitive 

relation derived from AC and AE). In Condition 8, test 

probes were presented for all transitive relations that 

would derive from Condition 7 training. 

In Condition 9, Test 2 probes for five-term 

transitivity were again presented that consisted only of 
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trial-types c ontaining the second-order stimulus X. 

Condition 10 was identical to Experiment 3-A 

training except that only training trials that contained 

Y as the second-order stimulus were used (Y-AB, Y-DC, Y

AF, and Y-DE). Condition 11 tested the transitive 

relations that would derive from Condition 10 traini ng 

(i.e., Y-CE, Y-EC, Y-BF, and Y-FB). 

In Condition 12, four-term relations previously 

associated with X were trained with the addition of the 

CE relation. In Condition 13, four-term relations 

previously associated with Y were trained with the 

addition of the CE relation. 

In Condition 14, Test 2 probes for five-term 

transitivity were presented. As in Experiment 3-A, 

Condition 15 consisted of Test 4 probes designed to 

assess the effect of removing the second-order stimulus 

from the transitive relations and removing the second

order stimulus from the training trials. 

Results and Di scussion 

Sequence 1 

Four-term training and testing associated wi th X. 

Subject 3 performed at 100% accuracy on training trials 

designed to train the relations, AC, DB, AE, and DF, at 

both 100% feedback and 25% feedback (Conditions 1 and 

2). The first test (Condition 3) was a test for the 

symmetrical relations, CA, BD, EA, and FD. Subject 3 
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responded to these prob e s with 100 % accuracy. The next 

test (Conditi ons 4 and 6) tested for the four-term, 

transitive relations, CE, EC, BF, and FB. The results 

of this test are shown in Table 35. One session of 

Table 35 

Results of Transitive Relati ons Derived from AC, 
DB, AE, and DF Training 

Relation Trial-Type Session s 

1 2 3 4 

0-CE 0-C(E F) 0/3 1/3 3/3 3/3 

0-EC 0-E(C B) 1/3 1/3 3/3 3/3 

0-BF 0-B(F E) 0/3 2/3 3/3 3/3 

0-FB 0-F(B C) 1/3 3/3 3/3 3/3 

Mean Percent 
Correct per Session 17% 58% 100% 100% 

four-term training, reduced feedback (Condition 5) was 

presented between the first an d second probe sessions 

shown in Table 35. Subject 3 did not demonstrate 

transitive relations during the first and second probe 

sessions. However, Subject 3 performed with 100% 

accuracy during the third and fourth probe sessions. 

Four-term training and testing associated with Y. 

Because Subject 3 demonstrated the four-term trained 

relations associated with X as well as the transitive 
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rela t ion s d e rivi ng fr om the trained relations, she was 

th e n trained for t wo session s (100% and 25% feedback for 

correct res p ond ing) with the four-term relations 

associated with Y, i.e., AB, DC, AF, and DE (Conditions 

7 and 8). Subject 3 scored 99% and 100% for these two 

sessions, respectively. 

The first test under four-term relations associated 

with Y (Condition 9) consist e d of probes for the 

symmetrical relations BA, CD, FA, and ED. Subject 3 

scored 100 % on this test. Th e next two sessi o ns 

(Condition 10) tested for the transitive relations, CE, 

EC, BF and FB that would derive from the trained 

relations. 

sessions. 

Subject 3 scored 100 % on both of these probe 

Five-term training and t e sting. Because Subject 3 

had demonstrated all of the separate four-term relations 

including the transitive ones, she was then given 

Experiment 3-A training--all of the trained relations 

including stimuli X and Y that instructed which choice 

would be correct. Four sessions of Experiment 3-A 

training were conducted--two at 100% feedback and two at 

25% feedback for correct responding (Conditions 11 and 

12) . Subject 3 scored above 99% on all training 

sessions. 

In order to assess the effects of the four-term 

training on five-term transitive relations, Subject 3 
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wa s tested with Test 2 probes (Condition 13) from 

Experime nt 3-A. The results of Test 2 probe sessions 

are shown in Ta ble 36. This table shows that Subject 3 

still did not demonstrate the transitive relations 

throughout the four probe sessions conducted. 

Performance appears to be at chance levels by the fourth 

session. 

Although performance appears to be at chance 

levels, a closer inspection of Table 36 reveals a clear 

pattern of responding that e me rged by the fourth 

session. Responding to the relations, CE, EC, BF and FB 

in the presence of X or Y dur i ng the last session of 

Test 2 probes is shown in Ta bl e 37. Subject 3 responded 

correctly to each transitive relation only when Y was 

present. However, when X was present, respon s es were 

only made to the incorrect co mparison. 

Table 37 

Subject 3 Responses to Fourth Session of Test 2 
Relations as a Function of X o r Y 

Relation Second-Order Stimulus 

x y 

CE 0 3 

EC 0 3 

BF 0 3 

FB 0 3 
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Table 36 

Results of Test 2 Probes (Condition 13) for Subject 3 during 

Sequence 1 of Experiment 3-B 

Relation Trial-Type Sessions 

2 3 4 

X-CE X-C(E FJ 1/3 0/3 1/3 0/3 

X-EC X-E(C BJ 1/3 1/3 0/3 0/3 

Y-CE Y-C(E FJ 3/3 1/3 2/3 3/3 

Y-EC Y-E(C BJ 3/3 2/3 3/3 3/3 

X-BF X-B(F EJ 2/3 1/3 0/3 0/3 

X-FB X-F(B CJ 2/3 0/3 0/3 0/3 

Y-BF Y-B(F EJ 3/3 3/3 3/3 3/3 

Y-FB Y-F(B CJ 3/3 2/3 3/ 3 3/3 

Mean Percent 
Correct per Session 75% 42% 50% 50% 



Sequence 2 

The objective of Sequence 1 probes was to provide 

four-term traini n g and tests that potentially would 

result in the five-term transitive relations. The 

objective was not met. In fact, Subject 3 developed a 

systematic pattern of respon ding, albeit incorrect from 

the perspective of the study. Sequence 2 was undertaken 

to examine this pattern of incorrect responding and to 

attempt to corr e ct it. Spec i fically, training and tests 

in Sequence 2 were designed to: (a) examine the X and Y 

Test 2 probes separately to determine if presenting the 

X and Y probes together controlled the pattern of 

responding to Test 2 probes in Sequence 1; (b) 

reexamine the four-term relations; and (c) explicitly 

train one, four-term transiti v e relation and then test 

for the five-term transitive relations. 

Five-term X training and probes. Condition 1 of 

Sequence 2 consisted of one session of Experiment 3-A 

training but only with trials containing the second

order stimulus X at reduced feedback. Subje ct 3 scored 

100% on this session. This was followed by one session 

of Test 2 probes (Condition 2) that contained only X 

probes. Subject 3 scored 0% on these probes. This 

result is consistent with the same performan ce on X 

probes during Test 2 probes of Sequence 1 (see Table 

3 7) • 
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Ree _xamination of four-term relations. Condi t i.on 2 

revealed incorrect responding to transitive relations in 

the presen ce of X. Would th e same results occu r if X 

was removed? In order to test this, Subject 3 was first 

given one training session of four-term relations 

associated with X but in the absence of X, as in 

Condition 1 of Sequence 1. She scored 100 %. Next, th e 

symmetrical relations were t es ted in Condition 4 where 

Subject 3 also scored 100%. Fi nally, the transitive 

relations were tested in Condition 5. Subje ct 3 scored 

0 % during these probes indicating that the incorrect 

pattern of five-term transit iv ity responding 

demonstrated in Sequence 1 e xt ended to the four-term 

transitive relations associated with X. 

Training a single " tra n si tive" relatio n. In 

Condition 6, the same probes fo r transitive re lations 

were repeated except that no w the "transiti ve " probe 

trial-t yp e, 0-C(E* F) was explicitly reinfor ced . This 

resulted in 2 of 3 correct responses for the CE 

relation, 2 of 3 for EC, 1 o f 3 for BF, and 2 of 3 for 

FB. This performance repres en ted a signi f icant increase 

in correct responding over the results of Condition 5 

probes in which 0% correct responding occurr ed. 

However, this procedure also resulted in a 73% accuracy 

during baseline. In fact, the subject had made every 

baseline response correct before the first instance of 
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the reinforced CE relation. Subsequent to the first 

instance of the CE relation, the subject responded to 

every baseline trial incorrectly. 

was not continued. 

Hence, this procedure 

Rather than reinforce the CE relation through 

probes, the trial-type, 0-C(E* F) was added to the 

trained (and thus, reinforced) four-term relations 

associated with X: AC, DB, AE, and DF in Condition 7. 

Subject 3 scored 99% on Condition 7 training. Condition 

8 assessed the effect of this training on the four-term 

transitive relations. Subject 3 scored 100% on the 

probes. Thus, reinforcing one "transitive" trial-type 

was sufficient for generalization of correct responding 

to the other transitive relations. 

Reassessment of separate five-term transitivity 

probes. Test 2 probes (X only) were present ed again in 

Condition 9. This time, Subject 3 scored 100 % 

indicating that the four-term transitive rel ati ons 

demonstrated in Condition 8 were also exhibited when the 

second-order stimulus, X, was present. 

Would Subject 3 still demonstrate correct 

responding to transitive relations in the presence of Y? 

Before testing the Y five-term transitive relations, 

Subject 3 was given one session of Experiment 3-A 

training but only with trials containing the second

order stimulus, Y at 25% correct feedback (Condition 
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10). Subject 3 s cored 100% for this ses sion. Next, one 

session of Test 2 probes with Y trials only (Condition 

11), was presented. The results are shown in Tabl e 38. 

Table 38 shows that Subject 3 responded to transitive 

probes in the presence of Y with only 13% accuracy. · At 

the end of Sequence 1, Subject 3 was responding to 

transitive probes in the pres ence of Y with 100% 

accuracy but to transitive probes in the presence of X 

with 0% accuracy. Now the results were reversed. 

Table 38 

Subject 3 Responses to Condition 11 Probes during 
Sequence 2 

Relation 

Y-CE 

Y-EC 

Y-BF 

Y-FB 

Mean Percent 
Correct Per Session 

Correct/Incorrect 

0/6 

0/6 

0/6 

3/6 

13% 

Retraining four-term CE relation associated with X 

and Y. Given that the training of four-term relations 

associated with X resulted in accurate performance of 

transitive relations in the presence of X but not in the 

presence of Y, Conditions 12 and 13 were designed to 

explicitly reinforce the CE relation within the four-
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term relations a sso ciate d with b o t h X and Y. The 

results of these t wo se s s io n s wer e accuracy scores of 

96 % for training o f fo ur-t e r m r elation s associated with 

X and 95% for training of four-term relations associated 

with Y. 

Reassessment of Test 2 probes. Test 2 probes, with 

trial-types containing either the second-order stimulus, 

X or Y, were presented in two sessions (Condition 14). 

As shown in Table 39, Subject 3 now demonstr a ted the 

transitive relations in the presence of either second

order stimulus. 

Test 4 probes. Because Subject 3 demonstrated 

transitive relations in the presence of the second-order 

stimluli, Test 4 probes from Experiment 3-A were 

presented. These probes were designed to assess the 

effect of removing the second-order stimuli from 

transitive relations and training trials while the 

baseline trials remained the same as in Experiment 3-A. 

The results of these probes are shown in Table 40. 

Subject 3 responded to the transitive probes correctly 

in the absence of the second-order stimulus. As shown 

in the lower portion of Table 40, Subject 3 responded to 

the left comparisons almost exclusively. Although 

neither comparison was "correct" in the absence of the 

second-order stimulus, choices to the left comparison 

shown in Table 40 would be correct if X was present 
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Table 39 

Results o f Tes t 2 Probes for Subject 3 during Sequence 2 

of Exper im en t 3-B 

Relation Trial-Type Sessions 

1 2 

X-CE X-C(E F) 3/3 3 /3 

X-EC X-E(C B) 3/3 3/3 

Y-CE Y-C(E F) 3/3 3/3 

Y-EC Y-E(C B) 3/3 3/ 3 

X-BF X-B(F E) 2/3 3/3 

X-FB X-F(B C) 3/ 3 3/3 

Y-BF Y-B(F E) 3/3 3/3 

Y-FB Y-F(B C) 3/3 2 /3 

Percent Correct per Session 96 % 1 00% 
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Table 40 

Results of Test 4 Probes for Subj ec t 3 during Sequence 2 

of Experiment 3-B 

Relation Trial-Type Sessions 

1 2 3 

0-CE 0-C(E F) 2/2 2/2 2/2 

0-EC 0-E(C B) 2/2 2/2 2/2 

0-BF 0-B(F E) 2/2 2/2 2/2 

0-FB 0-F(B C) 2/2 2/2 2/2 

Mean Percent Correct 
per Session 100 % 100 % 100 % 

----------------------------------------------------
0-AC 0-A(C B) 2/2 2/2 2/ 2 

0-CA 0-C(A D) 2/2 2/ 2 2/2 

0-AE 0-A(E F) 2/2 2/ 2 2/ 2 

0-EA 0-E(A D) 2/ 2 2/2 2/ 2 

0-DB 0-D(B C) 2/ 2 2/2 2/ 2 

0-BD 0-B(D A) 2/2 2/2 2/2 

0-DF 0-D(F E) 2/2 1/2 2/2 

0-FD 0-F(D A) 2/ 2 2/2 2/ 2 

Mean Percent Correct 
per Session 100 % 94% 100 % 

Note. A zero in place of the second-order stimulus 
denotes the absence of the second-order stimulus. The 
top portion of Table 40 represents the transitive trial
types in the absence of the second-order stimulus while 
the lower portion of Table 40 represents probes of the 
trained relations in the absence of the second-order 
stimulus. In the lower portion of the table, neither 
stimulus was "correct", though the left comparison was 
scored as such. 
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while choices to the right comparison wou ld be correct 

if Y was present. Thus, Subject 3 responded to the 

comparisons that would be correct if X was present . 

General Discussion: Experiment 3-B 

Experiment 3-B was designed to analyze the behavior 

of Subject 3 with regard to performance on probes for 

transitive relations in the presence of the second-order 

stimuli, X or Y. Subject 3 did not demonstrate these 

relations during the final probe session of Experiment 

3-A. It was hypothesized th at training the underlying, 

four-term relations that comprised the training for 

Experiment 3-A would result in transitive relations in 

the presence of X or Y. 

testing was as fol lo ws : 

The logic for such training and 

Prior to Experiment 3-B , 

Subject 3 demonstrated above - 90% correct responding to 

training trials consisting o f a second-orde r stimulus, 

sample, and two comparison stimuli. But did this 

responding actually represent second-order control of 

four-term relations, i.e., were four-term rel ati ons 

"intact" in the first place in order to be controlled by 

the second-order stimulus? If they were, then the 

transitive relations that would result from the trained 

four-term relations (via the second-order stimuli) would 

be demonstrated. If the four-term relations wer e not 

167 



"intact", it would still be possible to respond 

correctly to the five-term trial-types, yet not 

demonstrate the transitive relations that should have 

resulted. Thus, explicit training of the four-term 

relations and subsequent demonstration of the four-term 

transitive relations in the absence of the second-order 

stimuli, followed by the correct responding in the 

presence of the appropriate second-order stimuli, should 

have resulted in the demonstration of transitive 

relations and, thus, of equivalence classes under the 

control of second-order stimuli. This result did not 

obtain during Sequence 1, Test 2 probes but did obtain 

during the Test 2 probes presented in Sequence 2. 

During the final condition of Sequence 1, four 

sessions of Test 2 probes were presented. By the final 

session, Subject 3 responded incorrectly to every trial 

in which the second-order stimulus, X, was present and 

correctly to every trial in whi ch Y was present. Subject 

J's history, as provided by the training and testing in 

Sequence 1, provides some information that would explain 

the incorrect response pattern found during Test 2 

probes of Sequence 1. The underlying four-term 

relations experimentally associated with X or Y were 

trained separately: first the four-term relations 

associated with X, including tests for the transitive 

relations; then the four-term relations associated with 
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Y, including tests for the transitive relati o n s . At 

this point, it could be stated that Su bjec t 3 was able 

to de monstrate four separate stimulus cla ss es pr ovided 

that those two associated with X were teste d separately 

from those associated with Y. 

Subsequently, Experiment 3-A training was 

reintroduced. In essence, the t wo sets of four-ter m 

relations were combined. Now, however, X or Y 

instructed which stimulus would be correct in the 

presence of a given sample. During four-ter m training, 

the relations AC and AB could not be present ed together 

because the trial-type for e a ch relation would have to 

appear as 0-A(B C): both ch o ices would be correct. But 

with the second-order stimuli present, B would be 

correct in Y-A(B C), and C would be correct in X-A(B C) 

One way to view the function of the sec ond-order 

stimulus would be to invoke a rule that states: if Y, 

choose one comparison in the presence of a four-term 

trial-type, and if X, choose the other comparison in the 

presence of the same four-term trial-type. Recall, 

though, that the same comparison within a given pair of 

comparisons is correct during five-term transitive 

probes regardless of whether X or Y is present. Even 

though Subject 3 demonstrated the four-term transitive 

relations separately for classes associated with X and 

Y, it seems reasonable that after four sessions of 

Experiment 3-A training, the same rule regarding choice 
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based on X or Y was inv oked during th e Test 2 probes of 

Sequence 1. That is, during Test 2 pro bes , Sub ject 3 

may have been capable o f performing the tran s itive 

relations (and, in fact, did so in the presence of Y), 

but invoked the rule: if Y, choo se the comparison most 

likely to be correct, and if X, choose the other 

comparison. This beh av ior pattern would be cons istent 

wi th the rule stated above, and it was in f act 

consistent wi th the results of Test 2 probe s at the end 

of Sequence 2. 

In Sequence 2, it was hypothesized that probing 

Te st 2 trials that cont a in e d X or Y separat ely may have 

resulted in correct performance. However, testing for 

transiti ve relations in the presence of X onl y revealed 

that the pattern of incorrect responding was still 

present. In fact, the incorrect responses had 

generalized to t h e four-term transiti v e relations 

associated with X. 

Further ev idence for th e rule stated abo v e comes 

from the reversal of the incorrect pattern found during 

Sequence 2. The four-term relation, CE, was explicitly 

reinforced resulting in correct responding to the 

transitive relations associated with X. Probing only 

Test 2 trials that contained X as the second-order 

stimulus also showed correct responding. However, 

probing onl y Test 2 trials that contained Y showed 
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i n co rrect respond ing. Th i s p a tter n , correct with X and 

i nc orr ect with Y, is the opp osi te of the patt e rn that 

oc curred be fore the four-term , CE relation associated 

with X was explicitly reinforced. Thus, Subject 3 again 

i r.v ok ed the rule, if X, respond to the correct stimulus, 

and if Y, respond to the other stimulus. It was not 

until the CE rel a tion was explicitly reinfor ce d, first 

with four-term relations associated with X and then with 

those associated with Y, that the subject was able to 

respond correctly to all transitive relations in the 

presence of X or Y. 

Test 4 probes revealed that, in the abs en ce of X or 

Y, Subject 3 responded correctly ta the transitive 

relations. However, while Subjects 1 and 2 from 

Experiment 3-A did not respond systematically during 

Test 4 probes designed to te s t trained relations in the 

absence of the second-order stimuli, Subject 3 did. She 

chose those comparisons that would be correct if the 

second-order stimulus, X, was present. Which pattern of 

choices would be chosen during these probes could not be 

predicted although the fact that a pattern associated 

exclusively with one second-order stimulus would be 

expected given the extensive history of presenting the 

four-term relations alone. 
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EXPERIMENT 4 

In Experiment 2, only Subject 2 demonstrat e d 

transitive relations in the presence of the second-order 

stimuli. In Experiments 3-A and 3-B, both Subjects 1 

and 3 demonstrated transitive relations. The results of 

Experiments 2, 3-A, and 3-B demonstrat e d the conditional 

control of equivalance relations. Four three-member 

classes, some of which had stimuli in common, emerged. 

Both Subjects 1 and 3 demonstrated conditional 

equivalance relations under the new training 

(characterized by comparison stimuli that appeared 

equally often as correct and incorrect) instituted in 

Experiments 3-A and 3-B where they did not with the old 

training (i.e., the "imbalance" of comparison stimuli 

described earlier) from Experiment 2. For these 

subjects, however, the new training was instituted in 

Experiment 3-A after they had already learned the old 

training to criterion. For Subject 2, the new training 

was never instituted because her performance met 

expectations. 

Experiment 4 was designed to provide Subjects 2 and 

3 with the same training used in Experiment 3-A except 

that all new stimuli were used . Hence, they would have 

to learn an all new task. (Subject 1 was not included 

in this experiment because she terminated her 

participation in the study.) The experimental question 
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for this experiment was whether Subjects 2 and 3 would 

demonstrate conditional control of equi va len ce relations 

with the Experiment 3- A training used wi t h n ew stimuli. 

In addition, would the results of the ad d iti onal 

training provided to Subject 3 during Experi ment 3-B 

generalize to the new s t imuli presented in Experiment 4? 

Method 

All training and testing procedures used in 

Experiment 4 were identical to those used in Experim e nt 

3-A except that all stimuli were changed. Unlike 

Experiment 2, all sixteen trial-types were presented 

during training. The stimuli used for Experiment 4 are 

shown in Figure 1 4 . 

Results and Discussion 

Training 

The results of training are shown in Table 41. 

Subject 3 learned the training task to criterion under 

100% feedback for correct responding in six sessions, 

while Subject 2 learned the training task to criterion 

under 100% feedback for correct responding in 3 

sessions. Both subjects met criterion under 25% 

feedback in the minuimum number of sessions. 
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Table 41 

Percent Correct per Training Session for Subject 1 
and 3 duri ng Experime nt 4 

Training Subjects 

2 3 

100% feedback 85 % 63% 

96% 59% 

100 % 80% 

75% 

91% 

99% 

25 % feedback 100% 99% 

100 % 96% 

Probe Tests: Subject~ 

Test 2. Subject 2 was given 2 sessions of Test 2 

probes. These probes were designed to assess the 

potential demonstration of transitive rela ti ons in the 

presence of the second-order stimuli. As sho wn in Table 

42, Subject 2 responded correctly to ev ery probe tr ia l-

type across the two sessions. 

Test 4. Subject 2 was given 3 sessions of Test 4 

probes. These probes assessed the effect of removing 

the second-order stimulus from the transitive relations 

as well as from probes reseIT~ling training trials (see 
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Table 42 

Results of Test 2 Probes for Subject 2 durin g Experiment 4 

Relation Trial-Typ e Sessions 

1 2 

X-CE X-C(E F) 3/3 3/3 

X-EC X-E(C B) 3/3 3/3 

Y-CE Y-C(E F) 3/3 3/3 

Y-EC Y-E(C B) 3/3 3/3 

X-BF X-B(F E) 3/3 3/3 

X-FB X-F(B C) 3/3 3/3 

Y-BF Y-B(F E) 3/3 3/3 

Y-FB Y-F(B G) 3/3 3/3 

Percent Correct per Session 100% 100% 



Table 29). The result s of Test 4 probes are shown in 

Table 43. Subject 2 c ontinued to demonstrate the 

transitive relations in th e absence of the second-order 

stimuli. With regard to the trained relations in the 

absence of the second-order stimuli, Subject 2 did not 

greatly favor one set of four-term relations associated 

with a second-order stimulus, though many more responses 

were made to those choices that would be correct if the 

second-order stimulus, Y, was present. 

Probe Tests: Subject 3 

Test 2. As shown in Table 44, Subject 3 did not 

demonstrate correct responding to all of the transitive 

trial-types. However, as occurred in Sequence 1 of 

Experiment 3-B, Subject 3 developed a systematic, albeit 

incorrect, pattern of responding by the fourth session: 

Subject 3 responded correctly in the presence of Y but 

incorrectly in the presence of X. 

Test 4. Even though Subject 3 did not respond 

correctly to Test 2 probes, Test 4 probes were 

administered in an attempt to gain further information 

as to the controlling variables involved in the pattern 

of behavior exhibited during Test 2 probes. As shown in 

Table 45, Subject 3 responded correctly to the 

transitive relations. The lower portion of Table 45 

shows that Subject 3 responded exclusively to those 
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Ta bl e 4 3 

Results of Tes t 4 Pro b es for Subject 2 during Ex p e rim e nt 4 

Relation Trial-Type Sessions 

1 2 3 

0-CE 0-C(E F) 2/ 2 2/2 2/ 2 

0-EC 0-E(C B) 2/ 2 2/2 2/ 2 

0-BF 0-B(F E) 2/2 2/ 2 2/ 2 

0-FB 0-F(B C) 2/2 2/ 2 2/2 

Mean Percent 
Correct per Session 100% 100 % 100 % 

0-AC 0-A(C B) 0/ 2 1/ 2 0/2 

0-CA 0-C(A D) 0/2 2/ 2 1/ 2 

0-AE 0-A(E F) 0/ 2 0/ 2 0/ 2 

0-EA 0-E(A D) 0/ 2 1/ 2 0/2 

0-DB 0-D(B C) 1/ 2 1/ 2 1/ 2 

0-BD 0-B(D A) 0/ 2 0/ 2 1/ 2 

0-DF 0-D(F E) 0/2 0/2 0/ 2 

0-FD 0-F(D A) 1/2 0/ 2 0/ 2 

Mean Percent 
Correct per Session 13% 31% 19 % 

Note. A zero in place of the second-order stimulus 
denotes the absence of the second-order stimulus. The top 
portion of Table 43 represents the transitive relations in 
the absence of the second-order stimulus while the lower 
portion of Table 43 represents probes of the trained 
relations in the absence of the second-order stimulus. In 
the lower portion of the table, neither stimulus was 
"correct", though the left comparison was scored as such. 
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Table 44 

Results of Test 2 Probes for Subject 3 during 

Exper ime nt 4 

Relation Trial-Type Sessions 

1 2 3 4 

X-CE X-C(E F) 0/3 1/3 0/3 0/3 

X-EC X-E(C B) 0/3 0/3 0/3 0/3 

Y-CE Y-C(E F) 3/3 3/3 3/3 3/3 

Y-EC Y-E(C B) 3/3 3/3 3/3 3/3 

X-BF X-B(F E) 0/3 0/3 1/3 0/3 

X-FB X-F(B C) 2/3 0/3 1/ 3 0/3 

Y-BF Y-B(F E) 3/3 3/3 3/3 3/3 

Y-FB Y-F(B C) 3/ 3 3/3 3/3 3/3 

Percent Correct 
per Session 58% 54 % 58% 50% 
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Table 4 5 

Results o f Te st 4 Probes for Sub j e c t 3 durina Experiment 4 

Relation Trial-Type Sessions 

1 2 3 

0-CE 0-C(E F) 2/2 2/2 2/ 2 

0-EC 0-E(C B) 2/ 2 2/2 2/ 2 

0-BF 0-B(F E) 2/2 2/2 2/2 

0-FB 0-F(B C) 2/2 2/ 2 2/ 2 

Mean Percent 
Correct per Session 100% 100% 100 % 
----------------------------------------------------------

0-AC 0-A(C B) 0/2 0/2 0/ 2 

0-CA 0-C(A D) 0/2 0/2 0/2 

0-AE 0-A(E F) 0/2 0/2 0/2 

0-EA 0-E(A D) 0/2 0/2 0/2 

0-DB 0-D(B C) 0/2 0/2 0/ 2 

0-BD 0-B(D A) 0/2 0/2 0/ 2 

0-DF 0-D(F E) 0/2 0/2 0/ 2 

0-FD 0-F(D A) 0/2 0/2 0/2 

Mean Percent 
Correct per Session 0% 0% 0% 

Note. A zero in place of the second-order stimulus 
denotes the absence of the second-order stimulus. The 
top portion of Table 45 represents the transitive 
relations in the absence of the second-order stimulus 
while the lower portion of Table 45 represents probes of 
the trained relations in the absence of the second-order 
stimulus. In the lower portion of the table, neither 
stimulus was "correct", though the left comparison was 
scored as such. 



comparisons that wou ld be correct if the second-order 

stimulus, Y, was present. 

General Discussion: Experiment 4 

Subject 2 demonstrated conditional control of 

equivalence re l1 tions just as she did in Experiment 2. 

Thus, Subject 2 demonstrated conditional control of 

equivalence relations under bo th the initial training 

from Experiment 2 and the Experiment 3-A training with 

all new stimuli. 

Subject 3, however, did not demonstrate conditional 

control of equivalence relations. Nevertheless, the 

results of Test 2 probes suggest that the control 

responsible for the systematic, incorrect pattern of 

responding on these probes was probably the same as in 

Sequence 1 of Experiment 3-B. Specifically, the rule, 

if Y, respond to the transitive relation, and if X, 

respond to the other stimulus, is consistent with 

Experiment 4 results for Subject 3. In Experiment 4, 

the four-term relation CE was not trained as it was in 

Experiment 3-B. This may be why Subject 3 carried the 

incorrect pattern of responding into Experiment 4. 

Further evidence of this pattern being controlled 

by the rule described above comes from Test 4 probes for 

Subject 3. Specifically, the rule can only work if X or 

Y is present. In the absence of X and Y, as in Test 4 
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probes, Subject 3 responded correctly. This suggests 

that it was the presence of X and Yin Test 2 ~ rob es 

that interfered with correct performance. 
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EXPERI MENT 5- A 

In Exp e ri ment 4 , Su bj ect 2 demons tr a te d condi t ional 

control of equiv a l ence r e l a t ions under n ew sti muli and 

new (to Subject 2) trainin g . Su b j e c t 3 generalized to 

Experiment 4 a n incor rec t p a t te rn of responding to 

transiti v ity probes in the presence of second-order 

s~imuli that she had d emon stra t ed during Experiment 3-B. 

By Experi ment 4 , both sub ject s had h a d a history of 

learning fi v e-t e r m cond i tion a l discriminations and 

equiv a lence re la tions wit h differ e nt sti muli a nd 

different training procedures. 

The purpose of Experiments 5-A and 5-B was to 

present naive subjects with the training and testing 

procedures us e d in Experiment 4 . Experiments 5-A a nd 5-

B represent attempts to replicate conditional control of 

equivalence relations with subjects who have had no 

previous history of five-term conditional discrimination 

training. 

The primary purpose of Experiment 5-A was to test a 

training procedure that differed from that given to 

naive subjects in Experiment 2. In Experiment 2, 

subjects learned two sets of eight trial-types 

separately before all 16 were combined. Besides using 

the new training procedures introduced in Experiment 3-A 

and the new stimuli introduced in Experiment 4, the 

training procedure for Experiment 5-A consisted of 
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beginning t he tr aining wi th all 16 trial-types. This 

was done to minimize any potential bias from learning 

one set of tri al-types first. 

Method 

Subj ~c t 

The subject in Experiment 5-A, Subject 4, was a 19-

year-old, female, soph omore at Utah State University. 

She was recruited as in Experiment 1. Subject 4 was 

only available as a subject until the end of the 

academic quarter in which she began the study. Thus, 

the last session conducted with Subject 4 represents the 

last session in which she was able to participate. 

Apparatus and Stimuli 

The apparatus used in this experiment was the same 

as in Experiments 1-4. The stimuli used were identical 

to those used in Experiment 4. 

Training and Testing 

All training and testing procedures used in 

Experiment 5-A were identical to those used in 

Experiment 4. All sixteen trial-types were presented 

during initial training (see Table 27). 

Results and Dis cu ssion 

Training 

The results of training for Subje ct 4 are shown in 
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Fj_gu re 15. The portio n s label ed "A" d e not e condit i ons 

where 10 0% fee db a ck fo r correct respond in g was deli vered 

while "B 11 d e notes reduced (25%) fee dh ack conditions. 

Sub j ect 4 r e quired 21 sessions before criterion was met. 

Durin g her first session of reduced feedba c k, subject 4 

only scored 85%. For this reason, an addi t ional session 

o f t rai ning a t 100 % fee dbac k was introduce d . This 

ses si o n wa s s ufficient to produce criterion responding 

du ri ng t he ne xt t wo s e ssio n s of training at 25 % 

f ee dback. 

Probe Tests 

Test 2 . Subject 4 received seven sessions of Test 

2 probes. One session of training trials was inserted 

bet we e n the sixth an d seventh session of Test 2 probes. 

This was done because the baseline of the si x th session 

dropped to 85 %. The baseline for all other probe 

sessions was greater than 90 %. 

As shown in Figure 16, Subject 4 did not 

demonstrate all of the transitive relations in any of 

the seven sessions. Unlike Subject 3 from Experiments 

3-B and 4, Subject 4 did not demonstrate a systematic 

pattern of incorrect responding. In general, Subject 

4's performance was not consistent across sessions: 

i.e., no stable performance developed with the exception 

of the relations, X-EC, X-BF, and X-FB . 
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Figure 16 . Frequency of correct responses for each 
relation probed in Test 2 for Subject 4 in Experiment 5 - A. 



Te st 4 . Even though Subject 4 did not d emon s trate 

transitive r elations in Test 2 1,r obes, three s ess ion s o f 

Te st 4 pro bes were run to check for the possi bil i ty t hat 

the tran s iti ve relations were present in the a b s enc e of 

the second-order stimulus. As shown in upper p o rtion o f 

Table 46, no systematic responding occurred to the 

transitive relations. However, as shown in the lo wer 

portion of Table 46, the majority of the comparisons 

chosen by Subject 4 were those that would be corr e ct i f 

th e second-order stimulus Y was presen t . 

General Discussion: Experiment 5-A 

Subject 4 did not demonstrate conditional 

equivalence relations. Unlike Subject 3 during 

Experiment 3-A and 4, Subject 4 did not demonstrate a 

consistent pattern that could be described by a rule 

i nvolving the second-order stimuli. Additional evidence 

for this is provided by Test 4 probes in which the 

transitive relations were not present. 

The number of sessions needed to learn this task 

could have influenced, or at least been indicative of 

factors prohibiting the development of equivalence 

relations. Subject 4 had more difficulty learning the 

task than any other in previous e xp eriments. Even after 

learning the initial task at 100% feedback, this subject 

was not immmediately able to perform the training at 25% 

feedback for two sessions in a row at greater than 90%. 

188 



189 

Table 46 

Results of Test 4 Probes for Subject 4 during Experimen t 5-A 

Relation Trial-Ty pe Sessio n s 

1 2 3 

0-CE 0-C(E F) 1/2 0/2 0/2 

0-EC 0-E(C B) 2/2 2/2 2/2 

0-BF 0-B(F E) 1/2 1/2 1/2 

0-FB 0-F(B C) 2/2 1/2 2/2 

Percent Correct per Session 75% 50% 63% 
------------- ----------- --- ----- -------- -------- ----------

0-AC 0-A(C B) 0/2 0/ 2 0/2 

0-CA 0-C(A D) 1/2 0/ 2 0/2 

0-AE 0-A(E F) 0/2 0/ 2 0/ 2 

0-EA 0-E(A D) 0/2 0/2 0/2 

0-DB 0-D(B C) 0/2 0/ 2 1/ 2 

0-BD 0-B(D A) 0/2 0/2 0/2 

0-DF 0-D(F E) 0/2 0/2 0/2 

0-FD 0-F(D A) 0/2 0/ 2 0/ 2 

Percent Correct per Session 6% 0% 6% 

Note. A zero in place of the second-order stimulus 
denotes the absence of the second-order stimulus. The top 
portion of Table 4 6 represents the transitive probes in 
the absence of the second-order stimulus while the lower 
portion of Table 46 represents probes of the trained 
relations in the absence of the second-order stimulus. In 
the lower portion of the table, neither stimulus was 
"correct", though the left comparison was scored as such. 



Given sixteen trial-types to learn at onc e as 

oppos ed to eig ht, it is possible that Subject 4 learned 

sixt ee n s epa rate trial-types rather than using efficient 

rul es that would facilitate learning. For example, even 

though the training was bidirectiona l, the use of the 

rule of symmetry would certainly facilitate learning: 

e.g., X-AC is the same as X-CA. Subject 4 may have 

treated the se two trial-types as two separate relations 

rather than more efficiently as one. This may ha ve 

increased the number of sessions to criterion. 

Manipulations specific to Subject 4's performance 

that would examine the above possibility were not 

conducted during this research. However, evidence that 

bidirectional training did not produce symmetrical 

relations in this case comes from the performance of 

Subject 3 during Experiment 2. After learning the task

-bidirectionally trained--to criterion, the symmetrical 

trials were removed for a number of sessions of 

training. When they were reintroduced as probes, 

Subject 3 did not demonstrate the symmetrical relations. 

If the above hypothesis is correct and the symmetry 

relation was not present during training for Subject 4 , 

then the absence of the transitive relations might be 

attributed to the lack of symmetry in the trained 

relations. This may have been the result of too many 

training trial-types to learn at once. This was the 
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only sub jec t who did not demonstrate the conditional 

eq uivalence r ela tions. However, as noted, no specific 

manipu lations were conducted that would functionally 

analyze this possibility, because of Subject 4's limited 

availability. 
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EXPERI MENT 5-B 

The purpose of Exper i men t 5-B was to replic a te the 

training and testing procedures of Experiment 5-A, 

except that a naive subject was trained first with eight 

trial-types rather than sixteen. 

Method 

Subjects 

The subject, Subject 6, in Experiment 5-B was an 

18-year-old, female, freshman at Utah State University. 

She was recruited as in Experiment 1-A. 

Appar a tus and Stimuli 

The apparatus used in this experiment was the same 

as in Experiments 1-4. The stimuli used were identical 

t o those used in Experiments 4 and 5-A. 

Training and Testing Procedures 

Training. Training tri als were identical to those 

used in Experiment 5-A (see Table 27). The training 

procedure was similar to that used in Experiment 2 in 

that training began for Subject 6 with the first four 

relat ions and their symmetrical counterparts for a total 

of eight trial-types. Ten trials of each of these 

trial-types were presented in each BO-trial session. 

Following two complete sessions of 90% correct 

responding or better, the remaining four relations in 
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Table 27 and their symmetrical counterparts (eight 

trial-types) were trained separately in a manner 

identical to the first eight trial types. When correct 

responding wa s 90% or greater for two consecutive 

sessions, Subject 6 was presented with new sessions 

When consisting of all 16 trial-types (relations 1-8) 

correct responding was 90% or greater for two 

consecutive sessions, the frequency of correct 

responding was lowered to 25% of the correct trials in 

the SO-trial sessions. As in Experiment 1, the 

correction procedure was not in effect during reduced 

feedback. 

Probe tests. The initial probe tests, Tests 2 and 

4, were identical to those used in Experiment 5-A. The 

initial training combined with the initial probe tests 

is designated Series 1. Because of Subject 6's 

performance, additional series of training and testing 

similar to that presented to Subject 3 during Experiment 

3-B were presented to Subject 6. Because the 

composition of each condition in this series was 

dependent upon the results of the previous one, each 

training and testing condition will be described in the 

Results section. 
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Results and Dis c ussion 

Training 

The results of training fo r Subject 6 are sho wn in 

Figur e 17. The training sessions were grouped into four 

p a rts: (A) first eight trial types; (B) second eight 

trial-types; (C) all sixteen trial-types; and (D) all 

sixteen trial-types with reduced feedback (25%). 

Subject 6 learned the first eight trial-types (A) 

to criterion in seven sessions. The next eight trial

types (B) we re learned to criterion in only four 

sessions. Subject 6 met criterion in the minimum number 

of sessions during the training of all sixteen trial

types at both 100% and 25% feedback. 

Probe Tests: Series 1 

Test 2. The results of the first eight sessions of 

Test 2 probes are shown in the portion of Figure 18 

marked "A". Each relation is graphed separately. 

During the first session of Test 2 probes, Subject 6 

responded correctly to six of the eight relations 

tested. Only four probe trials were incorrect: t wo 

during X-CE probes and two during Y-FB probes. However, 

throughout the eight sessions, responding to many o f the 

relations became unstable. By the eighth session of 

Test 2 probes in Series 1, responding became more stable 

but only relations, Y-C E , Y-EC, X-FB, and Y-BF were 

correct. 
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Even though subject 3 did not demonstrat e 

tr ans iti ve relat io ns across all of the relations in Test 

2 p r obe s , t wo s es sions of Test 4 probes that tested for 

the tra ns itiv e an d tr a ined relations in the absence of 

the seco nd- or der stimulus were administered. As shown 

in Table 47, during the first session of Test 4 probes, 

Subject 6 on ly mis s ed a single trial of transitive 

relation trials. However, during the second session, 

Subject 6 responded at chance levels to the transitivity 

probes. As expected, during both sessions, responses to 

trials resembling training trials without the second

order stimulus varied within and across the two 

sessions. 

Series 2 

Because Subject 6 did not de monstrate consistent 

performance with regard to transitive relations in the 

presence or absence of the second-order stimulus, 

factors which may have contributed to her performance 

were functionally analyzed. Before examining the 

underlying, four-term relations (see Series 3), the 

present series of sessions examined the possibility tha t 

removing all feedback from training and testing sessions 

might improve performance. It was hypothesized that 

a dventitious reinforcement from the intermittently 

presented feedback for correct responding may have been 
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Table 47 

Results of Test 4 Prob es for Subje ct 6 during 

Experime nt 5-B, Series 1 

Relation Trial-Type Sessions 

1 2 

0-CE 0-C(E F) 2/2 1/2 

0-EC 0-E(C B) 2/2 1/2 

0-BF 0-B(F E) 2/2 1/2 

0-FB 0-F(B C) 1/2 1/2 

Mean Percent 
Correct per Session 88 % 50% 
----------------------------------------------------------

0-AC 0-A(C B) 1/2 0/ 2 

0-CA 0-C(A D) 0/2 2/2 

0-AE 0-A(E F) 0/ 2 1/2 

0-EA 0-E(A D) 0/2 1/2 

0-DB 0-D(B C) 2/ 2 1/ 2 

0-BD 0-B(D A) 1/2 0/2 

0-DF 0-D(F E) 0/2 0/2 

0-FD 0-F(D A) 1/ 2 0/2 

Mean Percent 
Correct per Session 44% 31% 

Note. A zero in place of the second-order stimulus 
denotes the absence of the second-order stimulus. The top 
portion of Table 47 represents the transitive relations in 
the absence of the second-order stimulus while the lower 
portion of Table 47 represents probes of the trained 
relations in the absence of the second-order stimulus. In 
the lower portion of the table, neither stimulus was 
"correct", though the left comparison was scored as such. 
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a fac tor in maint ain in g incorrect patterns of respons e. 

Removing the fee dba ck reduced the li ke lihoo d of this 

possibility. 

As shown in Table 48, Subje ct 6 was given thre e 

sequences of training with and without correct feeback, 

and Test 2 probes. In all, six sessions of Test 2 

probes were run during this series. These are sho wn in 

Figure 1 8 as sessions 9 throug h 14 under "B". In 

general, the series of tr a ining wit h and without 

feedback did not result in substanti a l changes to 

Subject 6's performance with regard to Test probes for 

transitive relations. 

Table 48 

Sequence of Tra ining and Test ing f o r Subject 6 during 

Series 2 of Experiment 5-B 

Condition # of Sessions 

I. 1. Training (100% feedback) 1 

2. Training (no feedback) 4 

3. Test 2 (no feedback in baseline) 1 

II. 1. Training (100% feedback) 1 

2. Training (no feedback) 4 

3. Test 2 (no feedback in baseline) 1 

1. Training (100% feedback) 1 

2. Training (no feedback) 4 

III. 3. Test 2 (no feedback in baseline) 4 
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Series J 

I n Series J, Subj e ct 6 was exposed to a sequence of 

t ra ini ng and tes ting conditions similar to th at 

presented to Subject J during Experiment 3-A. Th i s 

sequence of conditions is shown in Table 49. This 

sequence of conditions was designed to examine the 

underlying, four-term relations th a t comprise the 

relations trained in the presence of the second-order 

stimulus. 

Four-t erm relations associated with X. In 

Conditions 1 and 2 of Series 3 (see Table 49), the four-

term relations (AC, DB, AE, DF) experimentall y 

a ssoci ated with the second-order stimulus, X, were 

trained unidirectionally with 100% feedback in Condition 

1 and wi th no feedba ck in Condition 2. Subject 6 

responded with 100% and 99% accurac y , respectively, 

during these two sessions. However, during the 

subsequent Condition 3, during which the transitive 

relations were tested, Subject 6 performed the base l ine 

trials at O~ 0 • Without feedback, the subject was not 

able to discriminate which four-term relation was 

correct. Thus, all subsequent test conditions utilized 

baselines in which 25% feedback for correct responding 

was presented. 

In Condition 4, 20 trials of the four-term 

relations associated with X were presented at 100% 
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Table 49 

Seq u e nce of Training and Te sting Cond i t ions for Subj E3_~t 6 

dur ing Exp e riment 5-B, Series 3 

Condition Number of Ses s ions 

1. Train Four-Term 1 
associated with x 
(100% feedback) 

2 . Train Four-Term 1 
associated with x 
(no feedback) 

3. Test Transitive 1 
Relations 
(no feedback) 

4. Train Four-Term 1 
associated with x 
( 2 0 trials only 
100% feedback) 

5. Test Symmetrical Relations 1 

6. Test Transitive Relations 3 

7. Train Four-Term 1 
associated with x 
(rein. CE) 

8. Test Transitive Relations 2 

9. Train Four-Term 1 
associated with y 

10. Test Transitive Relations 1 

11. Train Four-Term 1 
associated with x 
( 2 0 trials only 

100% feedback) 

12. Test Transitive Relations 1 

13. Test 2 Probes 4 
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feedback. Of those 20 tri al s , Sub je ct 6 missed only the 

first. Next, the symmetr i c a l relations were pr ob ed in 

Condition 5. Subject 6 r es po nd e d with 100 % acc ur a c y to 

these pr ob es . In the next 3 sessions, the transitive 

relatio ns (CE, EC, BF, and FB) th a t would derive from 

the four-term relations associated with X were tested. 

The results o f these pr obe s are shown in Table 50. As 

shown in Table 50, Subject 6 demonstr a ted the tr a nsitive 

relations during the first probe test session . However, 

the accuracy of responding to probe trials dropped to 0% 

during the second session and increased only to 8% 

during the third. Nevertheless, the baseline trials for 

all three sessions were greater than 96% correct. 

Table 50 

Results of Transitive Relations Derived from AC, DB, AE, 

and DF Training for Subject 6 during Condition 6 of 

Series 3 

Relation Trial-Type Sessions 

1 2 3 

0-CE 0-C(E F) 3/3 0/3 0/ 3 

0-EC 0-E(C B) 3/3 0/3 0/3 

0-BF 0-B(F E) 3/3 0/3 0/3 

0-FB 0-F(B C) 2/3 0/3 1/3 

Mean Percent 
Correct per Session 92% 0% 8% 



In Condition 7, the fo ur- term r elatio ns ass oci at ed 

wi t h X were aga in p r esen t ed i n tr a ining bu t with t he 

addi t io n o f the " transitive r elation", CE. One hundred 

percent f e e dba ck f o r correct re s ponding was presented 

during thi s condit i on . Subject 6 r esponded with 98 % 

accurac y . In the n ex t condi t ion (8), two sessions of 

prob e t e st s fo r t he t r ans i tiv e rel a tions were presented. 

Durin g t hese 2 sessi ons , Subject 3 responded to pro b e 

t r i a l s wit h 92% a nd 100 % accuracy, respecti v ely. 

Four-term rel a tions associated with Y. In 

Condition 9, the four-term relations, AB, DC, AF, and 

DE, that we r e associated with the second-order stimulus, 

Y, were tr a in e d for one session at 100 % correct 

f e edback. Su b ject 6 responded with 99 % accuracy to this 

session. In the ne xt session (Condition 10), the 

transitive relations CE, EC, BF, and FB that would 

deri v e from the four-term relations associated with Y 

were tested. 

these probes. 

Subject 6 responded with 100% accuracy to 

Transitive relations associated with X. Because 

Subject 6 demonstrated transitive relations associated 

with Yin Condition 10, the transitive relations 

associated with X were retested in Condition 12. This 

was done to assess any potential interference with the 

transitive relations associated with X that may have 
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been caused by the emergence of th e transitive relations 

associated with Y. (Such an effect occurred wi th 

Subject 3 during Experiment 3- B.) 

Bef or e the transitive relations associated with X 

could be tested, the contingency in effect, i.e., the 

four-term relations associated X, was established with 

the presentation of 20 trials in Condition 11. Subject 

6 wa s correct on every trial. Of the 12 probe trials 

for transitive relations presented to Subject 6 during 

Condi ti on 12, two were missed: one trial of CE and one 

trial of FB. This session demonstrated that the 

performance of transitive relations associated with Y 

did not greatly disrupt the transitive relations 

associated with X. 

Test 2. Four sessions of Test 2 probes, i.e., 

transitive relations in the presence of the second-order 

stimuli, were presented in Condition 13 of this series. 

The results of these probes are shown in the portion of 

Figure 18 labeled "C" (sessions 15-18). As shown, by 

the third session (17) of this series, all but one (Y-

CE) of the transitive relations were demonstrated. This 

pattern of response continued during Session 18 although 

one correct response was made to Y-FB and X-BF. 

Series 4 

Because Subject 6 demonstrated all but one of the 

transitive relations (Y-CE) in the presence of the 
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s ec ond-orde r st imulus, a n ad d itional s e ssion of training 

with four-term relations associat e d with Y wa s pres ented 

a t 100 % feedback. This session incl ud ed trial s with the 

four-term "transitive relation " , CE. Thus, the four-

term r el ation, CE, in the absence of the second-order 

stimulus, was explicitly reinforced. Would reinforcing 

the four-term relation, CE, result in increases in 

accuracy o f the five-term relation, Y-CE? 

Test 2. This question was a nswe r ed with two 

additional sessions of Test 2 probes. The results of 

these sessions are shown in the portion of Figure 18 

labeled "D" (sessions 19 and 20). In Session 19, of the 

th r ee trials of Y-CE presented, Subject 6 responded to 

two of them correctly. Responses to all other probe 

trial-types were correct. In Session 20, Subject 6 

responded correctly to all three of the Y-CE trials 

presented as well as to all other probe trial-types. 

Test 4. Because Subject 6 demonstrate d transitive 

relations in the presence of the second-order stimuli in 

the immediately preceding Test 2 probes, three 

additional sessions were run where Test 4 probes were 

presented. These probes were i de ntical to the Test 4 

probes used in Series 1. As shown in Table 51, Subject 

6 responded with 100% accuracy to trials that tested the 

transitive relations in the absence of the second-order 
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Tab l e 5 1 

Res u lts of Test 4 Pro b~s for Subje c t 6 du rin g Experiment 

5- B, Ser i es 4 

Rel at ion Tr i a l- Type Sess i ons 

1 2 3 

0-CE 0- C( E F) 2/ 2 2/ 2 2/2 

0- EC 0- E (C B) 2/ 2 2/ 2 2/2 

0-·BF 0 - B (F E) 2/2 2/2 2/2 

0- FB 0-F(B C) 2/ 2 2/ 2 2/2 

Mea n Per cen t 
Cor r e ct p er Sess io n 100 % 100 % 100 % 

0-AC 0 -A (C B) 0/ 2 1/ 2 1/2 

0-C A 0-C(A 0) 1/2 0/ 2 0/2 

0-A E 0-A(E F) 2/2 0/ 2 0/2 

0-E A 0-E (A 0) 1/ 2 1/ 2 0/2 

0- 0 B 0-0(B C) 2/ 2 1/ 2 1/ 2 

0-BO 0-B(O A) 0/ 2 0/2 0/ 2 

0-DF 0- D(F E) 2/2 1/2 2/ 2 

0-FO 0-F(D A) 1/ 2 1/ 2 1/ 2 

Mean Percent 
Correct per Session 56 % 31 % 31 % 

Note. A zero in place of the second-order stimulus 
denotes the absence of the second-order stimulus. The top 
portion of Table 51 represents the transitive relations in 
the absence of the second-order stimulus while the lower 
portion of Table 51 represents probes of the trained 
relations in the absence of the second-order stimulus. In 
the lower portion of the table, neither stimulus was 
"correct", though the left co mparison was scored a s such. 



stimuJ 1 s. During t he last two sessions of the probes 

for the trained trials in the absence of the second

order stimul us, Subject 6 mad e a majority of respons es 

to the comparison that would be correct if the s e cond

order stimulus, Y, were present. 

General Discussion: Experiment 5-B 

Experiment 5-B was designed to replicate the 

results of subjects in Experiments 2, 3, and 4 who 

demonstrated conditional equivalence relations. 

Experiment 5-B used a naive subject who received 

training that was balanced in terms of the fre rme ncy 

with which stimuli appeared as correct and incorrect 

comparisons. Experiment 5-B was als o designed to 

systematically replicate the procedures of Experiment 5-

A by training the subject by dividing the sixteen trial

types into two separate training conditions of eight 

trial-t ypes . 

The results of the training procedures used i n 

Experiment 5-B showed that the task was learned to 

criterion in 15 sessions rather than the 21 it took 

Subject 4 from Experiment 5-A. This suggests that 

learning the first eight of 16 then the second eight 

trial-types is more efficient than attempting to learn 

16 trial-types at once. The fact that Subject 6 also 

demonstrated transitive relations immediately after 

initial training where Subject 4 never did suggests the 
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possibility that dividing the 16 tri a l -types into t wo 

tr a ining conditions of eight each pr omote s sy mmetr i c al 

rel a t i ons which may facil it at e the e merg e nce of 

transitive relations . However, specific manip u l at ions 

that wou ld analyze this hypothesis were not conducted. 

The results of this experiment a l s o replicated the 

results of previous experiments in which conditional 

equivalence classes were demonstrated. Howev e r, the 

subject of this Experiment required simil a r training and 

t esting of the underlying four-term relation s as did 

Subject 3 in Experiment 3-B. As did Subject 3, Subject 

6 demonstrated almost all of the five-term transitive 

relations during the first probe test for such 

relations, but this performance deteriorated across 

repeated testing sessions. Although Subject 6 did not 

demonstrate the same incorrect pattern of response to 

these probes that was demonstrated by Subject 3, there 

is some evidence that a similar rule, involving the 

second-order stim uli, operated to disrupt responding. 

This is provided by the results of testing for four-term 

transitive relations. Subject 6 generally responded to 

these probes as either all correct or all incorrect. 

This suggests that, while the transitive relations may 

have been present, the contingency (associated with X or 

with Y) into which probes were i nserted may have 

controlled whether to respond transitively or "to the 
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other" comparison. It was not until Subject 6 was 

explicitly trained on one of th e four-term transitive 

relations from those that would de ri v e from the four

term relations associated with X or with Y that 

consistent, correct performance on Test 2 probes f or 

transitive relations in the presence of the second - order 

stimuli was obtained. 

The results of this experim en t, in combination with 

the results of Experiment 3-B, suggest that the nature 

of the task involved with second-order conditional 

discrimination training may, for some subjects, produce 

rules that have a disruptive effect on the demonstration 

of the transitive relations as they would derive with 

two-choice, five-term conditional discrimination 

training. 
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CONCLUSIO NS AND GENERAL DISCUSSION 

The Five-T e rm Conti~gen..QY 

Posit ive an d Neqa ti ve 
Stimulus Rela t io ns 

Experim e nt 1-A was designed to answer three 

questions. First , can the subjects' responding be 

described as being controlled by positive and negative 

stimulus relations in a simultaneous . five-term 

contingency arbitrary match-to-sample task? As sho wn in 

Exp eriment 1-A, such descriptions are accurate. During 

unreinforced probe trials, all subjects reponded to the 

correct comparison when a most-preferred, novel stimulus 

appeared as the incorrect comparison . This demonstr a t e d 

control by positive stimulus relations. In addition, 

all subjects responded away from the incorrect 

co mparison to the least-preferred novel stimulus wh en it 

appeared in place of the correct comparison. This 

demonstrated control by negati ve stimulus relations. 

Similar findings have been demonstrated by Stromer and 

Osborne (1982) in a four-term, arbitrary match-to-sample 

tas k with children. 

While the present research clearly demonstrated 

control by positive and negative stimulus relati o ns, the 

relationship of this control to the five-term 

contingency cannot be precisely determined . 

Specifically, what role, if any, did the second-order 
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stimulus play in determining positi ve and negative 

stimulus relations? Were the positive and n e gative 

relations demonstrated merely relation s b e tw een the 

sa mple and comparisons within the four-t e rm uni t, or did 

the second-order s timuli control responding away from 

the incorrect sample-comparison combination and t owa rd 

t h e correct sample-comparison combination? Althou gh 

direct tests of these questions were not p _rformed in 

the present research, indirect evi de nce from responding 

throughout this research suggests that positive and 

negative r e lations can be inferr ed as having been 

controll ed separately by the sa mple under some 

conditions and the second-order stimuli under other 

conditions. For example, some subjects responded 

correctly to the presentation of the four-term relations 

in the absence of the second-order stimuli in Experi ment 

1-A. Such correct responding must have been controlled 

by a positive relation between the sample and the 

correct comparison since the second-order stimulus was 

not present. However , no such opportunity for correct 

responding away from the incorrect comparison and in the 

absence of the second-order stimuli existed. 

With regard to the control of positive and negative 

stimulus relations by the second-order stimuli, 

responding during probes for transitive relations for 

Subject 3 in Experiment 3-A seemed to follow a rule that 

states: if Y, then choose one comparison given C(E F) 
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and if X, choo s e the p t he r comp a ri son ( see Discussion, 

EXPERIJ:1ENT 3-A) . In this si t u a tion, gi ven that E was 

the correct c omparison i n C(E F ) r e g a r d l ess of wh et her X 

or Y was the se c ond-ord e r stimulu s p r esen t, and Subject 

3 responded to E wh en Y was pres e nt and to F whe n X was 

present , the four-t e rm unit CE seemed to be treated as a 

positive unit in the presence of Y and , in the presence 

of X, was treat ed as a negative unit . Such an 

int erpretatio n is no t valid until further research on 

the nature of the control by the second-order stimulus 

is conducted. Such r esearch should be a i med at the use 

of novel stimuli replacing entire four-term units rather 

than simply replacing comparison stimuli as in the 

pres en t res earch . 

Four-Term Relations within 
t he Five - Term Con t inge ncy 

The second experimental question of Experi men t 1-A 

asked whe th er the underlying four-term relations remain 

"intact" when the second-order stimulus is removed. The 

answer is a conditional no. The existence of four-term 

relations in the absence of the second-order stimulus 

was weakly demonstrated in Experiment 1-A. However, the 

same subjects did demonstrate such relations in 

Experiment 1-B. 

While Sidman (1986) first formally introduced the 

notion of the fi v e-term contingency, how the training of 
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su ch a con ti ngency was to be executed remained an 

i mp lic it is s u e t o be e xp lor e d. The findings from 

Exper i ments 1- A and 1- B suggest that training the entir e 

fiv e -t e rm co n tingenc y at once (as in Experiment 1-A) may 

have b e en th e r e ason that subjects did not uniforml y 

respond correctly when presented with four-term 

relations until Experiment 1-B . It cannot be assumed 

that t h e five-term contingency training used in 

Experi ment 1-A will automatically lead to intact four-

term r e lations. The present research demonstrated tha t 

direct training of the four-term relations was effecti v e 

i n bringing about second-order control of the four-term 

relations (i.e., five-term control). Evidence for this 

comes from the fact that no consistent transitive 

relations (resulting from the four-term relations under 

the control of X and Y) were evident in Experiment 1-A. 

However, subsequent to direct training of the four-term 

relations in Experiment 1-B, all subjects demonstrated 

transitive relations during test trials. 

Given the above findings, the question should be 

raised as to why intact four-term relations are 

necessary for the emergence of transitive relations. 

(Recall that subjects in other portions of the present 

research required explicit tra i ning of the four-term 

relations , as well , before transitive relations 

emerged.) When confronted with the lack of emergent 

transitive relations, an appropriate functional analysis 
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wo~ ld exa min e the p r erequisit e s (refle x i v ity a nd 

symmet r y ). For example, when a subject j n Sidm a n and 

Tai l by (1 9 82) did not demonstrate an emergent four 

member class of stimuli, the experimenters traced the 

pr obl em to a defic ie nt tr a ined relation within the 

cluss. Specifically , they demonstrated that the 

s ymmetrical relation was not present in that trained 

r e lation. Re tr a ining of that relation resulted in the 

emergence of the four-member cl a ss . When , as in the 

pr e sent research , the entire five-term contingency is 

trained all at once, the likelihood of a situation such 

as that observed in Sidman and Tailby (1982) may be 

increased. Even though the "s ymmetrical" relations 

between the sample and correct comparisons were 

explicitly trained in the presen t research, the presen c e 

of the second-order stimulus may have complicated the 

task such that, from the subjects' point of view, there 

were 16 separate positive relations t o learn (eight 

original and eight sample-correct comparison symmetric 

configurations) rather than as eight separate relations 

which included the eight emergent symmetrical relations 

as wel l. Evidence for this comes from probe tests for 

Subject 3 in which she failed to demonstrate symmetry 

(see Experiment 2). 

Other than the symmetry probes tested with Subject 

3, the search for the lack of symmetr y was not possib l e 
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in any of ~he present experiments giv e n that the 

nominally symmetrical configurations were already part 

o f the training. However, it seems l ike l y that directly 

training the underlying four-term relations first in the 

absence of the second-order stimulus may remove some of 

the complexity of the original task, thereby presenting 

th e subject with the time-honored method (cf. Cumming & 

Berryman, 1965) of est ab lishi ng a conditional 

discrimination and symmetrical relations--a major 

prerequisite to emergent transitive rela tions. The 

second-order stimuli can then be added after successful 

training of the four-term relations. Preliminary data 

from a recent study conducted after the present research 

(FenielJo, Sidman, & DeRose, 1986) showed that when 

subjects were trained on an entire five-term 

contingency, emergent transitive relations were 

extremely difficult to obtain. However, in Lazar and 

Kotlarchyk (in press), training the four-term 

relations first proved quite successful. 

Conditional Control of Equivalence Relations 

Taking the results of all five experiments 

together , there emerged two distinct ways in which the 

composition of equivalence classes could be controlled 

conditionally. First , Experiments 1-A and 1-B showed 

that, following training with a second-order conditional 

discrimination (the five-term contingency training), the 
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remo val of the second-order stimulus resulted in the 

merging of all und e rlying four-te rm stimul i . 

Whet her such a result wou l d obtain was a question 

r aised by Sidman ( 1986) and answered (following four

te rm training in Experiment 1-B) in the affirmativ e by 

the present research: without an explicit second-ord e r 

stimulus , each stimulus in th e four-term unit was 

transit i vely related. When the second-order stimulus 

was aga in presented, these same transitive relations 

were no long er obtained. 

The second way in which th e composition of the 

equivalence classes was contro ll ed was demonst r ated in 

Experiments 2-5 . Spe cifically, four separate thr ee 

member classes of stimuli were controlled by the second-

order stimuli, X and Y. Some of the classes had one and 

two stimuli in common. As shown by Fucini (1982), the 

training of classes of equivalent stimuli with members 

in commmon will result in the merging of those classes 

unless secon d -order conditioning procedures are used. 

Recall that Fucini (1982) used the context in which 

the comparisons appeared to establish second-order 

control of the equivalence relations in her study. In 

her discussion, Fucini (1982) raised the question as to 

the possibility of second-order control using an 

explicit second-order stimulus. The present research 

demo ns trated second-order control with an explicit 
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second-order st imul us in two ways: (a) in Experiment= 

1-A and 1-B , tran s itive relations resulted f Lom the 

absence o f the second-order stimulus, and (b) in 

Expe riments 2-5, equivalence classes were contr olled b y 

the presence of one or another explicit second-ord er 

stimulus . 

The differences between the second-order procedures 

of Fucini (1982) and the present research may hav e 

implications for the ease Nith which equivalence cl asses 

can be controlled. In Experiment 3, Fucini (1982) 

introduced her second-order conditional discrimination 

procedures with subjects that had already merged two 

three-member classes of stimuli. These procedures were 

mostly successful in separating the merged classes with 

three children but not successful in separating the 

classes with the adult subject. While Fucini did not 

attempt to return the subjects to the responding 

demonstrated before the second-order training, it seems 

reasonable to assume that this would have proven quite 

difficult: some manner of retraining with extinction 

and/or new trial-types would likely have been necessary. 

Using an explicit second-order stimulus in either of the 

manners described above in the present research allows 

the composition of equivalence classes to be quickly 

controlled merely with the presence of one or another 

second-order stimulus (as in Experiments 3-5) or its 

presence vs absence (as in Experiments 1-A and 1-B). 
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Another issue regarding t he use of t h e exp li c it 

s e co nd -order stimuli is the moda lit y fr om whi ch it i s 

deriv e d. In s uggesting the s econ d-ord e r c ont ro l o f 

five-term cont i ngency relations (S idman, 19 86 ) and 

equivalence relations (Fucini, 1982 ) by explicit 

stimuli, the use of different tones has been the most 

common e x ample. Indeed, La zar a nd Kotla r c h yk (in pr e ss) 

used tones to control second-or der sequencing behavior. 

The present experiment represents the f i rst to 

demonstrate that second-order control of equivalen c e 

relations can be established completely thro ug h visual 

stimuli. 

Contiguity vs Conditionality 

As discussed earlier , Green (1985) trained subjects 

to respond to either an identity match of colors or 

shapes or an arbitrary match of within-dimension colors 

or shapes. A superordinate, "contextual" stimulus-

printed words of either the instance (e.g., BLUE) or 

concept (e . g ., COLOR) being matched--was presented 

contiguously wi th t h e sample. During training, the 

presence of the superordinate stimulus was not necessary 

to make a correct response. The experimental question 

was whether the superordinate stimuli, by virtue of 

their contiguity with the sample stimuli, would b ecome 

associated with the correct comparisons. Probe tests 
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that prese ~ted the sup erord inate stimuli in the absence 

of the sa mples revealed t ha t only one of the five 

subj ects r esponded co rre ctly abo ve chance levels. Thus , 

for most of the s ubjects , the contiguity of the 

3uperordinat e s ti muli and the sample stimulus was not 

sufficient to establish a contextual control. 

Neve r theless, al l subjects did l earn the unde - lying, 

four-term r e lation s being trained . 

In the p res ent research, t he us e of a "contextual" 

sti mulus (the s e cond-order stimulus) was necessary 

during training in order to make a correct response. 

For example, the choice between the comparison stimulus 

B or C depended not only upon whether s amp le A or D was 

present, but also upon whether the second-order stimulus 

X or Y was present. Also, as demonstrated in the 

present research, this conditionality of the second

order stimuli led to "c ontextual" control during 

training and testing. 

The present research suggests that it may be 

necessary for the second-order stimulus to be related 

conditionally to the relations being trained. However, 

neither the present research, or that reported by Green 

(1985) systematically investigated this question . One 

question that arises from t he present discussion , is the 

possibility that the modality in which the contextual 

stimulus is presented has bearing on whether contiguity 

or conditionality is necessary for contextual cont ro l. 
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Not e that Green ( 198 5) u se d a vi s a l, c ontextu a l 

stimul s as did th e pr es e nt res c ~r ch. As not ed ea rli e r, 

Laz ar and Kot l a rch yk (in pre s s) us ed different tones to 

e stablish c onte x tu a l responding. In their study, the 

to ne wa s c ondi t ionally related to the underlying 

r e lat io ns b ei ng trained. Would a contiguous y et not 

co ndi t i ona ll y rel a t e d auditory stimulus contr o l 

r espond i ng? As y e t, research exa mining this i ss u e h a s 

no t b ee n c ompl e ted. 

Implications of the present Res e a rch 

The u s e of the stimulus e quival e nce paradig m 

(Sidman, 1971) has provided behavior analysts with an 

important tool for the experimental analysis of behavior 

most often cl a ssified as cognitive: conceptual and 

linguistic. To date, much of the current rese a rch in 

stimulus equivalence has taken the basic sti mulus 

equivalence paradigm set forth by Sidman (1971) and 

attempted to determine ways in which membership in the 

class of equivalent stimuli can be expanded (e.g. , Lazar 

et al., 1984; Sidman, et al., 1985; Sidman & Tailby, 

1982) . Without question, such research is important to 

deter mine controlling factors of linguist ic and 

con ceptual classes of stimuli. However, human verbal 

and conceptual behavior is far more complex than can be 

described within the four-term contingency study of 
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stimulus equivalence. Much of human behavior is under 

instructional control (Ba ron & Ga lizia, 1983)-

instructional control that is more complex than that 

pro v ided by the sample in a match-to-sample t ask . Using 

an example from Feniello et al. (1986), linguistic 

stimuli such as Renoir, Constable, and Da Vinci can be 

considered one equivalence class (artists); Churchill, 

Mussolini, and Louis XIV would be considered another 

(heads of state); and Dante, Voltaire, and Byron another 

(writers). Thus, under the context of discipline, the 

above stimulus classes are appropriate. However, if the 

context were nationality, the same linguistic stimuli 

are grouped differently: Renoir, Voltaire, and Louis 

XIV (French); Dante, Mussolini, and Da Vinci (Italian) 

and Churchil l , Const ab le, and Byron ( Br itish). Thus, 

stimuli are not immutable members of single classes; 

context determines membership for any given moment . 

The present research extended the findings of 

stimulus equivalence research into this more complex 

level: the conditional control of equivalence 

relations. Using arbitrary visual stimuli, classes such 

as those described above were controlled in Experiments 

2-5 of the present research. But what about the control 

of equivalence relations shown in Experiments 1-A and 1-

B of the present research in which classes were 

equivalent in the absence of the second-order stimuli? 

Keeping the above analogy, if the contextual stimuli, 
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d i scipline and n a t io na li ty , were re moved , t he li ngui s t i c 

s timuli ab ove wou ld lik e l y be treat ed as a si ngle cl ass 

- g r eat f :gure s in h i s t ory. S c h was t he result o f prob e 

tests in Expe riments 1-A and 1-B: removal of the 

second-o r der stimuli r es ulted in transitive relations 

among al l stimuli. Thus, the present research provides 

a corn e rst on e for understanding comp lex human b e hav i or-

behavior tr adit ion a ll y viewed a s cognitiv e . 

While S idman (1971) demonstrated that stimulu s 

equivalence training could result in rudimentar y readin g 

skills, the present five-term contingency paradigm--aft e r 

extensive r e search d e t e r mining the optimal training 

conditions--could also prove valuable for the behavioral 

training of complex human behavior for lo w functioning 

individu a ls. The present research was conducted with 

coll e ge students. Would the five-term traini ng t a sk prove 

too difficult for children or low functioning individuals? 

Research into this question is necessary. 

Before researchers plunge into investigations of the 

conditional control of equivalence relations, it might be 

wise to investigate the tool which will be most valuable: 

the five-term contingency. Many questions (discussed 

earlier) were ra ised by the present research concerning 

the stimulus control involved in such a contingency. It 

may be that answers to thes e questions wi ll make the task 

of analyzing comple x human behavior a little easier . 
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INSTRUCTIONS 

(to be read to the subject) 

Identity Matching 

Your task is to choose the correct symbols. If you 

choose the correct one on the first try, you will see 

the word "CORRECT" on the screen and you will earn a 

point. If you do not choose the correct one, then th e 

scre en will go blank and the trial wi ll be presented 

over. This time, if you get it correct, you will see 

t he word "CORRECT" but you will not earn a point. 

Therefore, the greater number of times you make the 

correct choice on the first try, the more points on the 

screen you earn and the more money you make . Every 

four points is worth 1 penny. Begin when you see a 

symbol on the screen. 

(DEMONSTRATE) 

Training 

Now we wi ll begin a different task. The same basic 

procedure regarding the word "correct" and points and 

money will still apply. When the session is over, the 

screen will go blank for one or two minutes during which 

time you should relax. When you see a symbol on the 

screen, you are to begin again. Good luck and do your 

best. 
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Reduced Feedback and Probes 

(This time) (Today) (Now) , the word "CORRECTn will 

not appear every time that you get one correct and the 

ones you miss will not be presented ov er , but I still 

want you to do the very best that you can. Now the 

points are worth a penny each. Good luck and do your 

best. 
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