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ABSTRACT

An Experimental Analysis of Higher-Order

Stimulus Control in Humans

by

Michael B. Gatch, Doctor of Philosophy

Utah State University, 1990

Major Professor: Dr. J. Grayson Osborne
Department: Psychology

This dissertation explored same effects of context on the
development of stimulus classes and the transfer of stimulus functions
to novel stimuli. The research was also intended to demonstrate the
utility of current behavioral theories for prediction and control of
contextual effects on class formation. In Experiment 1A, contextual
control of stimulus classes was established successfully in all six
college-student subjects. Matching-to-sample training successfully
transferred the function of the contextual stimuli to four novel
stimuli, which resulted in the formation of two three-member classes of
contextual stimuli. The first portion of Experiment 1B replicated
Experiment 1A with three additional subjects. In the second portion,
matching-to-sample training resulted in the establishment of two six-
member contextual classes. In Experiment 2, three of four subjects
learned a matching-to—sample task in which the role of the contextual
stimuli was controlled by a pair of "higher-order" contextual stimuli.

Two of the subjects received matching-to-sample training in which the



X
function of the higher-order contextual stimuli was transferred to four
novel stimuli, which resulted in the development of two three-member,
higher-order contextual classes. Experiments 3A, 3B, and 3C
demonstrated that same groupings of stimuli are more difficult to learn
than other groupings. The experiments found that overlapping roles of
stimuli tended to confuse subjects and that subjects, when confused,
would respond based on "familiarity" to stimuli rather than on the
conditional relations. Experiments 4A and 4B demonstrated that types
of matching performance (identity, oddity, and arbitrary) can be
controlled by the presence of contextual stimuli. The experiments also
provided evidence supporting the idea that generalized identity
(reflexivity) and generalized oddity performances are closely related
to, if not prerequisites for, successful arbitrary matching and the
development of stimulus classes.

(205 pages)



INTRODUCTION

Concept formation and language are central topics in the study of
human behavior and have been studied extensively, especially by
cognitive psychologists. Behavioral psychology has only begun to
examine these two topics in any depth because of the methodological
difficulties involved in testing the very camplex array of behaviors,
many of which are covert. Much of cognitive psychology is devoted to
devising analogies of what is done privately with information
(discriminative stimuli) by the subjects. As behaviorists have
traditionally resisted an appeal to uncbservable variables, little
attention was paid to covert behavior until recently, when pressure by
nonbehaviorists and the development of new methodologies encouraged

attention to language and concept formation.
Stimulus Equivalence

One of these new methodologies is loosely referred to as stimulus
equivalence. Technically, stimulus equivalence is not a new
experimental technique, since matching to sample (given a stimulus,
choose from choices which one goes with it) is most often used in
behavior, in which subjects treat a group of stimili as if they were
the same. However, the term is also used loosely as the name for the

theoretical account of how stimuli caome to be treated the same, that



is, becaome eqv.J.ivale.rrt.1 The theory is camprised of a group of axiams
logically derived from set theory which have same empirical support:
symmetry, reflexivity, and transitivity (Lazar, Davis-Lang, & Sanchez,
1984; Sidman, Rauzin, Lazar, Cunningham, Tailby, & Carrigan, 1982;
Sidman & Tailby, 1982; Sidman, Willson-Morris, & Kirk, 1986; Wetherby,
Karlan, & Spradlin, 1983). (The word "axiom" is chosen since some of
those responsible for the theory regard them as logically self-evident
and indisputable.) For the purposes of this paper, stimulus
equivalence will refer to the behavior of classifying stimuli,
equivalence training or eguivalence procedures will refer to the

experimental /training techniques which lead to the formation of

stimulus classes, and equivalence theory will be used to refer to the

various theoretical attempts to provide a framework for equivalence
research that have been devised by Sidman and Tailby (1982); Fields,
Verhave, and Fath (1984); Fields and Verhave (1987); and others.
According to equivalence theory, a stimulus class is established
by training a subject to "group together" a set of topographically
different stimuli. Doing so is usually accamplished by reinforcing the
behavior of selecting one of the stimuli in the presence of ancther,

'This terminological difficulty is a result of the assumption
made by behaviorists that if one can produce the behavior, one has at
least one explanation of it. Hence, terms referring to a behavior or a
technique became theoretical in nature. Matching to sample was
originally used to name a training technique. Recently, matching to
sample has been used to indicate an inferred performance when a subject
relates any stimulus to itself without prior exposure or training,
which is what subjects were supposed to learn from the
matching-to-sample task (when based on identity). This behavior has
also been termed generalized identity matching, or reflexivity, and has
a number of theoretical implications discussed below under reflexivity.



using a matching-to—-sample task (given this stimulus, which of the
following stimuli, or camparisons, "go with it?"). Sidman (1971) found
that all the possible cambinations of stimulus pairings do not have to
be trained, and the necessary and sufficient prerequisites for the
establishment of a stimulus class have been identified (Sidman &
Tailby, 1982). These prerequisites correspond to the three axioms
mentioned above. First, reflexivity must be present; that is, the
subject must be able, in the presence of any stimulus, to choose the
identical stimilus from an array of camparisons. This indicates that
the subject can treat any stimulus as equivalent to itself, which is
necessary before a subject can treat topographically different stimuli
as equivalent. Second, symmetry must be present; that is, the subject
must be able to, without training, relate stimilus B to stimulus A if
trained to relate A to B. This means that the subject can use two
topographically different stimuli interchangeably or, in other words,
treat the stimuli as if they had the same meaning. Thirdly,
transitivity must be present; that is, the subject, if trained A=B and
B=C, will relate A to C without training. This means a subject is able
to generalize the function of a stimulus without direct training and
explains why all possible stimulus cambinations need not be trained.

If all three conditions set by the axiams are met, then the stimuli may
be said to be equivalent. The three axiams not only indicate the
prerequisites for classing but also suggest three empirical tests to
assess whether stimuli are related and to investigate at a fine—grain

level why particular stimuli may not be related.
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Two important points must be made about the limits of equivalence
theory. First, equivalence is intended to refer only to the case where
stimuli are equal to each other, not greater than or less than.
Second, (using set theory terms) equivalence does not deal with
intersection, only union. However, intersection can be dealt with

using the higher-order methods discussed in the following section.
Higher-Order Control of Stimulus Classes

Sidman (1986) postulated that one could place the classification
of stimuli under conditional control; for example, in Situation 1,
place stimuli A, B, and C together and D, E, and F together, but in
Situation 2, place stimuli A, E, and F together and D, B, and C
together. A single stimulus can be used as a cue to signal how classes
go together in different situations. This allows for an analysis of
the effects of context on stimulus classification and for an account of
the intersection of classes which occurs in everyday human behavior.
The establishment of stimulus classes by a conditional stimilus is
called contextual control. In a sense, a hierarchy of stimilus control
is established in which a contextual stimulus controls responding to a
sample stimulus, which controls responding to a camparison stimulus.
The three-term operant contingency (S-R—>CSQ) can be placed under the
control of the presence of the sample, or fourth-term, stimulus
(S-S-R—>Csq) , which can be placed under the control of the contextual,
or fifth-term, stimilus (S-S-S-R—>Csq), which can in turn be placed
under the control of a sixth-term stimulus (S-S-S-S-R—>Csq). Each

term provides a cue to how to resolve the remainder of the contingency.
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The hierarchy is meant to be a theoretical tool by which to analyze the
effects of higher-order stimilus control. There is no implication that
same natural hierarchy exists in either the stimuli or the mind.

Control of Class Membership

Higher-order (contextual) stimuli may play a number of roles in
the formation of stimulus classes. First, in situations in which a
stimulus belongs to more than one class, higher-order stimuli may be
used to indicate which of the classes is relevant at the present and
can prevent the development of spurious relations. For example,
mercury is both a metal and a liquid. At various times, mercury could
be correctly related to both iron and milk, yet a response that iron
and milk are members of the same set is generally considered incorrect.
The word metal, then, can serve as a contextual cue that iron and
mercury are both class members, while milk is not, and the word liquid
can indicate that milk and mercury are both class members, while iron
is not.

Contextual control is then not only of interest for studying the
formation of hierarchical classes but for determining how classes may
intersect. Ilanguage classes used in natural settings are not usually
simple, mutually exclusive groups of stimuli but tend to overlap or
"intersect." That is, stimuli are in one class in one context and in
another class in same unrelated context, as is the word mercury in the
example above. In such a case, a word could be synonymous with other
words in one contextual situation, yet those synonyms could be
seriously incorrect in other contexts. Hamonyms such as the word



"leaves" may indicate that one is going away or be the plural of the
word leaf. The correct interpretation depends on the context, which
may be the preceding paragraph or a single word. Synonyms such as
"animal" and "beast" rarely overlap campletely in meaning. Both refer
to nonplant organisms, but "beast" is usually used to refer to wild or
dangerous animals. A wolf would be labelled an animal and a beast, but
a cow likely would not be considered a beast. There are many
contextual cues in language, including the antecedents for case,
gender, or pronouns, as well as syntax. Knowledge of how contexts can

serve to divide classes in such ways would be beneficial to the

teaching of language and concepts.

Hierarchies of Context

Groups of stimuli often have a label which serves to set the
context, and hierarchies of contexts can be formed via equivalence
procedures. Such hierarchies of contexts can be used to explain
various hierarchies of classes, such as Linnaeus's system of biological
classification. The Linnaean classification system has seven levels of
context: Kingdom-Phylum—Class-Order-Family-Genus-Species. Each level
has conditional control over the next level. Assigmment to the Class
Mammalia is incorrect if the organism has no spinal chord, or is not an
animal.

An everyday example of the contextual control of classification
with multiple levels of context is that of finding one's way in a large
city. People often classify the streets into those which go north and

south and those which go east and west. However, same of these are
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one-way, and in same cities, whether a street is one-way or even which
direction traffic must run is determined by the time of day. For the
confused traveler, a hierarchy of contexts exists here. The street is
the stimulus to be classed, the desired direction the first context,
whether one-way the second, and time-of-day the third. Further
examples of extended contingencies such as this may be provided by flow
charts of problemsolving techniques or if-then statements in camputer
programs.

Other stimuli which are not specified by an experimenter can also
serve as contexts for classifying stimuli. Incorrect comparisons in a
matching-to-sample task provide such cues (McIlvane, Withstandley, &
Stoddard, 1984; Sidman, 1987; Stramer & Osborne, 1982). Other indirect
and nondiscrete cues can affect performance. Serna (1987) reported
difficulty in establishing fifth-term control of classes. Part of the
difficulty was probably due to using a two-choice task rather than a
three-choice task (Sidman, 1987), but part of the difficulty may also
have been due to the exposure of the subjects to an identity-matching
task before the experiment began. Steele and Hayes (1988) reported
that subjects failed to respond correctly on an identity matching task
after being exposed to a series of arbitrary-matching tasks, which is a
further indication that even history can serve as a contextual cue for

classification.
Statement of the Prablem

The purpose of this dissertation research is to demonstrate a

number of features of stimulus classes under the control of contextual



stimuli (Sidman, 1986) at a variety of levels, with a variety of
stimulus class arrangements, in order to provide empirical tests of the
procedures and predictions of equivalence theory. In particular, how
contextual stimuli affect the formation of stimulus classes is
investigated. Contextual control is defined by Sidman (1986) as the
control by a stimulus of a set of conditional relations, correct
responses to which are dependent upon the nature of the stimulus.
Research has demonstrated that a stimulus can serve as a contextual cue
in the stimulus equivalence paradigm (Bush, Sidman, & deRose, 1989;
Fucini, 1982; Kennedy & Iaitinen, 1988; Serna, 1987). The research in
this dissertation is also intended to provide a procedural framework to
suggest methods of instruction, diagnosis, and remediation for concept
learning (e.g., vocabulary acquisition).

The experiments will examine a number of specific issues: (1)
whether stimulus equivalence techniques will work at contextual levels,
both fifth-term and sixth-term; (2) transfer of contextual function via
equivalence; (3) establishment of hlgher-order contextual control; that
is, sixth-term control; (4) establishment of contextual control by
superimposition of fifth-term and/or sixth-term control over existing
corditional relations versus training fifth-term and/or sixth-term
conditional relations in toto; (5) generalization to large stimulus
classes (6-member classes rather than 3-member classes); (6) limits on
how classes can be intersected via contextual control; and (7)
mechanisms of class formation in terms of how contextual stimuli may
control classification. The following paragraphs will provide a

description of how each experiment contributes to these issues.



Experiment 1A is a replication of the earlier research on the
formation of contextual control of two subordinate three-member
classes, using arbitrary stimuli. Experiment 1A fulfills three
purposes: (1) it replicates earlier contextual control work which
demonstrates that higher—-order stimuli can control stimulus class
formation; (2) it demonstrates empirically that stimulus equivalence
techniques function at the upper levels of Sidman's theoretical
hierarchy; that is, stimuli can became equivalent to contextual
stimuli; and (3) it demonstrates that transfer of contextual function
can be effected via equivalence techniques.

Experiment 1B is an extension of Experiment 1A, and tests whether

the rapid expansion of stimilus classes shown to be possible at the
fourth-term level (Sidman, Kirk, & Willson-Morris, 1985) takes place at
the contextual level. Such rapid expansion is very useful for training
large classes, and is a useful explanatory tool for how people can
generalize among synonyms with very little training. Since a word such
as "animal" can act as a contextual stimulus controlling a myriad of
animal names, ease of creating a contextual class (such as beast,
brute, creature, fauna, flesh, carnal, corporeal) without training each
of the thousands of relations between each new context and each animal
name would be of great teaching value.

Experiment 2 replicates and extends Experiment 1 to sixth-term
control, that is, stimulus control of context. Sidman (1986) has
discussed the possibility of such control, but as yet there has been no
empirical demonstration of it. Experiment 2 also serves to test the
limits of the practicability of Sidman's theoretical hierarchy of
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control, and its ability to explain higher-order real world situations
in which contexts are conditionally controlled such as the Linnaean
system of classification.

Experiments 3A, 3B, and 3C are a series of systematic replications
intended to provide a functional analysis of prablems related to
contextual control of class membership. These experiments also examine
the alternate procedure of successively introducing levels of control
rather than presenting them from the start as in Experiments 1A, 1B,
and 2. These experiments serve to test a number of procedural issues
and begin an analysis of classification which is continued in
Experiments 4A and 4B. Specifically, Experiments 3A, 3B, and 3C
examine (1) whether establishing contextual control bottom-up creates
different results than establishing control all at once as suggested by
Kennedy & Laitinen (1988); (2) whether increasing class size creates
difficulty in terms of classification (testing limits of class size);
(3) whether classes can be cambined without confusing the subject; and
(4) how subjects respond when presented confusing sets of conditional
relations. The findings related to issue (4) provide further data on
how incorrect camparisons and the overall set of conditional
discriminations affect how subjects class stimuli.

Experiments 4A and 4B involve establishing stimulus control of
identity (reflexivity), oddity, and equivalence by establishing stimuli
which signal when reflexive, and other behavior is appropriate
(reinforced). While the logical demonstration of the necessity of
reflexivity, symmetry, and transitivity to equivalence has been made

(Sidman & Tailby, 1982), the empirical demonstration of reflexivity has
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been called into question (Steele & Hayes, 1988). There have been
repeated demonstrations of the empirical necessity of symmetry to
transitivity (e.g., Sidman et al., 1982), but reflexive performance has
largely been taken for granted until the experiment by Steele & Hayes
(1988) . Experiments 4A and 4B demonstrate that classing and
non—classing behaviors can be controlled by contextual cues, and need

not be mutually exclusive as suggested by Steele and Hayes.
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LITERATURE REVIEW

A systematic framework to describe the structure of stimulus
classes has been formulated (Sidman, 1986). A framework is useful to
help guide an understanding of the nature of the relations among groups
of stimuli. This review will present the current state of the framework
as well as same historical developments in order to provide background

for the problems to be studied in this dissertation.
Fourth-Term Control

Sidman (1986) has established a theoretical base with which to
analyze interrelations of conditional relations. First, he extended the
operant three-term contingency (S-R—>CSQ) to four terms in order to
analyze conditional discriminations. A fourth term (S-S-R—>CSQ) allows
for description of the envirommental control of a three-term
contingency. The stimulus control task involving fourth-term control is
called a conditional discrimination; for example, if stimulus A occurs
then respond to stimulus B, but not stimulus C for reinforcement, and if
stimulus D occurs, then respond to stimulus C and not stimulus B for
reinforcement. A four-term contingency is illustrated in Table 1. The
German word "Hund" is related to the English equivalent "dog" and the
German word "Katze" is related to the English equivalent "cat". The
conditional discrimination is the fundamental unit for the functional
description of a stimulus class, since it describes the manner in which

two stimuli become related.



13
The question arises of how humans can learn a number of
conditional relations and then generalize from them to a stimulus
class. Two behavioral approaches to concept formation have been
developed (functional equivalence and stimulus equivalence), and have
led to two different procedures for establishing stimulus classes.
These two approaches and how they developed will be described, followed

by a discussion of how the two approaches interact.

Table 1
Four-Term Contingency Example, in Which Subject Relates an English Word
to the Corresponding German Word
( ( R1 (press) ——> Cl (point)
( S1 ("Katze") — (
( ( R2 (other) =/=> Cl (point)
53 ("Cat") — (
( ( Rl (press) —-/-> Cl (point)
( S2 ("Hund") —— ( :
( ( R2 (other) -/-> Cl (point)
( ( Rl (press) -/-> Cl (point)
( S1 ("Katze") — (
( ( R2 (other) -/-> C2 (point)
S4 ("Dog") ——— ( -
( - ( Rl (press) —> C1 (point)
( s2 ("Hund") —— ( )
( ( R2 (other) =-/-> C2 (point)

Functional Equivalence and Mediated Transfer
In 1971, Sidman first reported the establishment of stimulus

classes via equivalence. He taught a severely mentally retarded youth
to form 20 four-member classes. The youth could relate pictures to a
spoken word (A-B) and could name pictures (B-D). He was taught to

relate printed words to the spoken word (A-C). Upon testing, the youth
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could then relate the picture to the printed word (C-B). The study
demonstrated that a retarded youth could generalize stimulus relations
without training.

Spradlin, Cotter, and Baxley (1973) suggested that the
generalization of stimulus relations occurred because the stimuli came
to control a cammon response. In three separate experiments, they
taught nine subjects a mumber of conditional discriminations, and found
that the subjects could then perform a new conditional discrimination
without training. Over the course of the experiments, they found that
only two conditional discriminations need be trained to produce a new
conditional discrimination via equivalence, as long as one stimulus is
common to both trained conditional discriminations.

The formation of a class of stimuli by relating them to a common
response, or function, is called "functional equivalence" (Goldiamond,
1962, 1966). A cammon physical topography is not necessary to form a
stimulus class, as stimuli which are physically dissimilar can come to
have the same meaning. For example, a red light, a stop sign, or a
child running into the street can all signal a driver to stop.
Transfer of control would then account for the generalization of new
conditional relations. If A-B and A-C are taught, then B-C could be
performed, since the subject can mediate the new relation with the same
response made to A-B or A-C. Naming can be such a mediating response.

Sidman, Cresson, and Willson-Morris (1974) demonstrated that
naming is not necessary to form equivalence classes. In a systematic
replication of the 1971 Sidman study, they taught two retarded

adolescents 20 four-member classes by training A-B, B-D, and B—C



15
(picture to word) rather than A-C. They also taught the subjects C-C
matching. The subjects generalized A-C performance before they learned
to name consistently, which rules out naming as a causal factor. The
authors raised the question of what mediated the transfer of the
stimulus equivalences, since the verbal naming apparently did not do
so.

How the untrained relations develop without mediation became a
puzzle. In 1977, lazar demonstrated that classes could develop through
functional equivalence. Three adults of normal intelligence were
taught to order pairs of stimuli. ILazar found that two classes of
stimuli resulted based on order. Those stimuli which were first became
a class, and those stimili which came second became a class. The
subjects were then trained to relate new stimuli to a member of one or
the other of the classes. Testing revealed that the subjects also
ordered the new stimuli according to which class the new stimuli had
been related. One subject did not transfer the sequence function.
Further testing found that he was not able tc perform symmetrically on
the matching-to-sample task. The study demonstrated that matching to
sample can transfer stimulus function. However, there was no cammon

function to mediate the matching-to-sample task.

Stimulus Equivalence

Sidman and Tailby (1982) proposed that mediation is not
necessary, and that stimulus classes are formed based on the three
prerequisites of reflexivity, symmetry, and transitivity. Stimulus

equivalence is different from functional equivalence in that the
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stimuli are directly related to each other, rather than via a common
response. In a matching-to-sample task, the subject makes a selection
based on stimilus-stimulus relations. A button pressing response is
made regardless of stimulus class, and verbal mediation and other
coding responses apparently are not necessary.

More recently, a series of studies by Dube and others have
indicated that functional equivalence and stimulus equivalence seem to
be governed by the same rules (reflexivity, symmetry, and transitivity)
and that stimulus equivalence results in functional equivalence and
functional equivalence results in stimulus equivalence. Dube,
McIlvane, Mackay, and Stoddard (1987) fourd that reinforcers could
became members of a stimulus class. They concluded that the results
supported the notion of the four-term contingency because a simple
discrimination between reinforcer type and a particular stimulus would
have resulted in errors. They did note that fourth-term relations
could be established without class formation occurring, and noted that
they did not examine camprehensively for stimulus eguivalence.

However, they did conclude that the results were consistent with the
acquisition of equivalence classes.

In a series of follow-up studies, when stimuli were related via
matching to sample to stimuli which signalled reinforcement (S°) or to
stimuli which signalled absence of reinforcement (S%, those stimuli
acquired the same discriminative function (deRose, McIlvane, Dube,
Galpin, & Stoddard, 1988; deRose, McIlvane, Dube, & Stoddard, 1988;
Dube, McIlvane, Maguire, Mackay, & Stoddard, 1989). Dube et al. (1989)
attributed their results to indirect relations of the new stimuli to
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differential consequences. Stimuli became S°'s when they were related
to an §°, and became S%'s when related to an S4 Due to inherent
difficulties with the methodology, stimulus equivalence could not be
tested directly. The authors then concluded that their results provide
support for the definitions of stimulus equivalence (Sidman & Tailby,
1982) and functional equivalence (Goldiamond, 1966), but also suggest
that the variables which affect the two types of equivalence may be the
same.

However, the study by Lazar (1977) and a study by Sidman, Wynne,
Maguire, & Barnes (1989) both reported that subjects acquired
functional equivalence among a group of stimuli, but did not develop
stimilus equivalence among those stimuli. ILazar (1977) attributed his
results to the failure of the matching-to-sample task, but Sidman et
al. (1989) suggested that while the two processes may be similar, and
may coexist, they are not necessarily the same process. The relation
between functional equivalence and stimulus equivalence is still
unclear, and more research is necessary to clarify the roles of these
two types of equivalence in the generalization of relatiocnal behaviors.

Transfer of Function

An area in which both types of equivalence overlap is that of
transfer of function. An investigation of transfer may help clarify
the roles of stimulus and functional equivalence, and is important in
its own right for understanding how common properties of stimuli came
to be shared among a stimulus class. As mentioned earlier, same of the

early studies in equivalence attempted to account for the formation of
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new conditional relations by transfer of function (Spradlin et al.,
1973; Spradlin & Dixon, 1976). lazar (1977) demonstrated that one
function of a stimulus, its order in a seqguence, could be transferred
via matching to sample. In 1986, lLazar and Kotlarchyk found that when a
member of a stimulus class acquired a particular order in a sequence,
the other members of that stimulus class were also ordered in the same
way.

Since then, a number of studies have demonstrated transfer of
function. Wulfert and Hayes (1988) replicated the prior work on
sequence classes, and Dougher, Greerway, and Wulfert (1988) demonstrated
transfer of a conditioned response function via equivalence. Two
studies have demonstrated transfer of the conditioned reinforcement
function via equivalence (Greerway, Dougher, & Wulfert, 1988; Hayes,
Devaney, Kohlenberg, Brownstein, & Shelby, in press). The last two
studies overlap those of Dube and others on reinforcement as a mediating
stimulus in functional equivalence, but add a camprehensive
demonstration of the existence of equivalence classes among the stimuli.

The role of transfer of function in functional and stimilus
equivalence has been recognized as an important one. Although the
precise relations between functional equivalence and stimulus
equivalence are not known, an understanding that the two types of
equivalence are closely related and interact closely has developed. An
understanding of how they work and how they are related is of importance
for increasing the understanding of the development of novel repertoires
via equivalence and transfer of function and for the understanding of

the bases of stimulus class formation.
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Fifth-Term Control

Sidman (1986) further added a fifth term in order to explain
stimulus control on a hierarchical or contextual level (S-S-S-R-Csq).
With a fifth term, a set of conditional discriminations can be placed
under stimulus control, for example, Table 2. The items can be classed
together on the basis of whether they are plants or animals, or whether
they are edible or inedible. The fifth-term stimuli (S5 and S6)
function as contexts that indicate which basis for classification is to
be used. In fact, Sidman (1986) defines contextual control as the
control by a stimulus of a set of conditional relations, correct
responses to which are dependent upon the nature of the stimulus. The
hierarchical structure of the five-term contingency allows various
stimuli that occur in a variety of contexts to be understood in each

specific situation.

Demonstrations of Contextual Control

A number of studies (Bush et al., 1989; Fucini, 1982; Hayes et
al., in press; Kennedy & Laitinen, 1988; Lazar & Kotlarchyk, 1986;
Serna, 1987; Wulfert & Hayes, 1988) have investigated fifth-term
control of classes with humans. Fucini investigated how such stimulus
classes as in the above example intersect, and what conditions are
necessary in order for such classes to intersect without becaming one
large class. To return to the Mercury example, if two small classes
such as Iron, Mercury, and Copper, and Water, Milk, and Mercury are
linked by one member, one large class is formed (Fucini, 1982; Sidman
et al., 1985). However, the grouping of Iron and Copper with Water and



Table 2

Five-Term Contingency in Which the WordsGourd and Dow are Related to

the Words Cord and Skunk Based on Whether One is Classifying According

to Plant Versus Animal or Whether They Are Good to Eat

( R1 (press) ---> Cl1 (point)
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S2 (cow) S|
( R2 (other) =-/-> Cc2 (point)

( (
{ ( S1 (gourd) -- (
( th -/=
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( { B2 Jeon) - z (press) > (point)
56 (Edible/--| Y e e e BL pat)
Inedible): ( Rl (press) ---> Cl (point)
(
(
(
{
(
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Milk may be undesirable behavior in particular circumstances. Ideally,
classification of Mercury as both a metal and a liquid should be
possible without cambining all elements of the classes metal and liquid
together. Fucini (1982) found that training with a contextual stimulus
would prevent the merging of the intersecting classes, and would break
up existing intersecting classes. For example, the subject would be
taught to relate Mercury to Water and Milk when the contextual stimulus
Liquid was present, and to relate Mercury to Iron and Copper when the
contextual stimulus Metal was present.

Lazar and Kotlarchyk (1986) investigated the use of contextual
control to establish stimulus classes which were related with specific
temporal sequences. Subjects were taught to select camparisons from one
set of four Greek letters when the sanmple was red, and to select
camparisons from ancther set of Greek letters when the sample was green.
In another task which was concerned with performing in correct temporal
sequences, the subjects were trained to press red first and then green
when presented with cne tone and to press green first and then red when
a different tone was presented. Testing established that the subjects
were then able to respond in the correct sequence when presented the
tones with the Greek letters as camparisons.

Two separate studies set out to deliberately establish
contextually controlled stimulus classes via stimulus equivalence (Bush
et al., 1989; Serna, 1987). Each study demonstrated the development of
contextually controlled stimulus relations in a majority of subjects,
but both reported difficulty in establishing fifth-term control.

Kennedy and Laitinen (1988) also reported difficulties when training
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five-term contingencies. However, they reported that when they trained
subjects on a fourth-term task, and then attempted to establish
contextual control over the four-term contingencies, the subjects were
more successful. These studies demonstrate that fifth-term control is
feasible, but report that establishment of fifth-term control is
difficult and unreliable.

Wulfert and Hayes (1988) reported that subjects learned
conditional control over a sequential ordering task similar to that of
Lazar and Kotlarchyk (1986). Their subjects demonstrated all possible
derived relations with little difficulty. Their study demonstrates that
contextual control can be established without great difficulty, but the
question remains of how to reliably and consistently establish such
control. If fifth-term control as an explanatory and educational tool
is to be effective, teaching five-term contingencies must become more

effective.

Contextual Factors and Class Formation

Of further value, the study of contextual control and its
influence on division of response classes may shed light on the
development of equivalence. Sidman et al. (1985) suggest that
contextual cues may affect how transitivity and symmetry form, or
perhaps are even primarily responsible. Steele and Hayes (1988) failed
to obtain reflexivity upon testing and claimed that reflexivity was not
a prerequisite for equivalence. However, the construction of their
experiment biased responding away from generalized identity matching
(reflexivity). The subjects were prabably able to respond reflexively,
but did not in response to the contextual demand characteristics of the
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experimental situation. A demonstration that reflexive responding can
be turned on and off without affecting transitive relations would
provide evidence for this hypothesis. Others have used experimental
preparations that involved conditional control of matching and
mis-matching (Sherman, Saunders, & Brigham, 1970; Zimmerman & Baydan,
1963). Zimmerman and Baydan (1963) were concerned with other effects
such as the effect of time-out on S4 responding, and not the conditional
control itself, and Sherman et al. (1970) did no work with equivalence
and class formation. However, the results of these studies indicate
that human subjects can easily switch back and forth between these
tasks.

Generalized identity matching is of interest in terms of how it
relates to arbitrary matching, since it is a prerequisite for stimulus
equivalence (Sidman & Tailby, 1982). Repeated studies have demonstrated
that both positive and negative stimulus relations control identity
(Dixon & Dixon, 1978; Dixon, Dixon, & Spradlin, 1983, Stromer & Stromer,
1989) , which suggests that oddity and identity matching are closely
interrelated. In addition, Stramer and Osborne (1982) found that both
positive and negative stimulus relations control arbitrary matching and
stimulus class formation. Stramer and Stramer (1989) suggest that
generalized oddity and identity may have same sort of role in class
formation. How they may be related is important for clarifying the role

of reflexivity as a prerequisite of equivalence.
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Sixth-Term Control

A further logical step is to postulate sixth-term control. The
framework developed by Sidman (1986) does not address sixth-term
control, but it is logically possible. That sixth-term and higher
hierarchical control is possible can be argued logically by reference to
the example of Linnaeus' hierarchical system of biological
classification which consists of seven levels (or ninth-term control).
Assigrment of an organism to a class is conditional upon satisfying the
requirement of each level.

In a review of Sidman's article on the framework of equivalence
and context (1986), Delprato (1987) criticized Sidman on the grounds
that hierarchical control could be taken to an infinite regress.
Delprado's criticism may be logically valid, but the question is
actually an empirical one. Behavior analysts are interested in what is
functionally possible, and therefore research on what the actual limits

of this type of conditioning is needed.
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EXPERTMENT 1A

The first purpose of Experiment 1A° was to extend the analysis of
stimulus classes and class interactions by examining whether
equivalence classes of contextual stimuli could be formed. A
contextual stimilus is a stimulus which controls responses to a
conditional discrimination (Sidman, 1986). The second purpose was to
determine whether the derived contextual stimuli within the classes of
equivalent contextual stimuli would function in the same way as the
stimuli originally trained as contextual stimuli. Specifically,
subjects were trained to arrange six stimuli into groups of three based
upon which of two contextual stimuli was present. When this task was
mastered, novel stimuli were related to the two contextual stimuli to
form two classes of three contextual stimuli. A test was then
conducted to establish whether the derived contextual stimuli

functioned as the original contextual stimuli.

Method

Subjects

Six undergraduate students enrolled in the introductory psychology
course at Utah State University were recruited for the investigation
over two academic quarters. Three of the subjects were females, and
three were males. Their ages ranged fram 18 to 23 years. Subjects were

given class points for participating in the research with bonus points

“This experiment has been published in "Transfer of contextual
stimulus function via equivalence class development" by M. B. Gatch and
J. G. Osborne, 1989, Journal of the Experimental Analysis of Behavior,

51, pp. 369-378.
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given to those who campleted the experiment. In this experiment, and
throughout the remaining experiments, APA guidelines for the ethical
treatment of human subjects were followed. The Human Subjects
Camittee approval is in Appendix A. Each subject signed an informed
consent form prior to participation in the research, (Appendix A) and

was debriefed following the experiment (Appendix C).

Apparatus

Subjects were seated in a small room at a table with an Apple II
monitor and a joystick. An on-line Apple IIe microcamputer, located
behind a partition, arranged events and recorded data. Single Cyrillic
letters were used for sample, camparison, and contextual stimuli (see
Figure 1). When shown on the monitor, the letters projected as white

on a black background and were 20mm wide and 30mm high.

Procedure

General procedure. Throughout this experiment, the subjects' task
was a naminal matching-to-sample procedure in one of two formats. One
was four-term matching to sample with a sample stimulus centered 80mm
from the top of the screen and three camparison stimuli arrayed
horizontally below it. The other was five-term matching to sample with
a contextual stimulus centered 30mm from the top of the screen, a
sample stimulus below it, and three camparisons as before at the bottom
of the screen (cf. Zimmerman & Baydan, 1963). Both formats are
schematically portrayed in Figure 2.

In the five-term matching-to-sample task, each trial began with
the contextual stimulus presented at the top of the screen. When the



EXPERIMENT 1A

Phase 1
IF IF
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Fiqure 1. Control of the organization of three-member classes by
contextual stimuli in Experiment 1A.
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Screen Formats

Five-Term
Matching-to-Sample

Format

Contextual Sample

20 mm——<|

Sample

15 mm—]

——[ ]7 Comparisons
30 mm

Four-Term
Matching-to-Sample
Format

Sample

15 mm—|

—[ ]— Comparisons
30 mm

Fiqure 2. On-screen formats for the matching-to-sample tasks of
Experiment 1A.
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button on the joystick was pressed, the sample stimulus was presented.
When the button was again pressed, the three camparisons were
presented. The subject could move the joystick left or right to place
a cursor urnder a camparison stimulus. The subject pressed the joystick
button to respond to a particular camparison. For the four-term
matching-to-sample task, the contextual stimulus was amitted. In each
task, the position of the correct camparison and the two incorrect
camparisons varied at randam. Incorrect camparisons were drawn at
random from the three stimuli not related to the sample under the given
contextual stimilus. For example, if the context was X1 and the sample
was Al, then the incorrect stimuli could be A2, B2 or C2.

At the beginning of training, each trial performed correctly on
the first attempt resulted in the disappearance of the trial stimuli,
presentation of the word "CORRECT" on the subject's monitor for 3
seconds and the increment of a points—counter that read "POINTS"
followed by the amount of points accumilated. The next trial followed
immediately. An incorrect response resulted in a 3-second black-out of
the screen followed by the re-presentation of the same trial stimuli-—a
correction procedure—until the correct response was made. When a
correct response was eventually made, the word "CORRECT" appeared on
the screen for 3 seconds without the points—counter, and no points were
given.

Sessions lasted for 80 trials. Two to six sessions occurred each
day for a total of 45-50 minutes, two to three days a week. After two

sessions of scoring at least 75 correct responses in 80 trials,
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end-of-trial feedback was reduced fram 100% of correct responses to
approximately 35% of correct responses over two to four sessions. If
the feedback reduction was to occur over more than one day, on the next
day, feedback was increased to 90% of correct responses on the first
session to ensure correct responding and then reduced on subsequent
sessions.

Phase 1 training. Training began with the fifth-term
matching-to-sample procedure. The subject was shown a contextual
stimulus and a sample stimulus, and on the first trial of the
experiment was instructed to select the camparison stimulus which went
with the two stimuli above. (Verbatim instructions are presented in
Appendix B. The same instructions were used throughout the experiments
with appropriate modifications in wording to fit the particular
procedures.) In separate trial types, the subjects were trained to
relate two stimuli to each sample stimulus. How the camparisons were
to be matched to the sample depended upon which contextual stimulus was
present. For example, when X1 was presented as the contextual cue, the
subject earned points for responding in the presence of Al to Bl or Cl.
However, if X2 was the contextual cue, the subject earned points for
responses to B2 or C2 in the presence of Al. Which comparisons were to
be related to A2 when it appeared as a sample were likewise controlled
by the contextual stimuli. The potential stimulus relations
established by such training are shown in Phase 1 of Figure 1. The two
incorrect camparisons for each trial were chosen randomly fram the
other three-member set of stimuli. For example, if X1 was the
contextual stimulus, and Al the sample, then the incorrect
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camparisons could have been A2, B2 or C2. Generic training trial types
are shown in Table 3.

Phase 1 testing. Test 1 evaluated symmetry. Training trial types
were randomly mixed approximately 50% with trial types in which sample
and correct camparison were interchanged (i.e., Bl, B2, Cl, or C2 were
presented in the sample position, and Al or A2 was consistent with an
inference of symmetry depending on the contextual stimulus). Test 2
evaluated the emergence of derived (transitive) relations under the
control of the contextual stimulus for each of the four, three-member
classes. On the transitivity tests, training trial types were randomly
mixed with 50 percent transitivity trial types (e.g., Bl was presented
as the sample and a response to Cl was consistent with an inference of
transitivity). At least four sessions were performed for each test.

If the number of trials consistent with inferences of symmetry,
transitivity or contextual control per session was increasing, further
test sessions were given until three to four sessions of performance of
at least 75 consistent responses in 80 trials occurred. No feedback
was ever presented on any trial during test sessions. Generic trial
types are depicted in Table 3.

Phase 2 training. This training incorporated the four-term
matching-to-sample procedure. In separate trial types the subjects
were trained to relate two new stimuli to each of the contextual
stimuli used in Phase 1 in order to potentially establish the relations
illustrated in Phase 2 of Figure 1. The two incorrect camparisons for
each trial were chosen at random from the other three-member class.

For example, X1 was presented as the sample, Y1l was the correct
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Table 3
Trial for iment 1A *
Training
L. Xl 3. X1 5. X1 7« X1
Al Al A2 A2
Bl Co- Co- Cl Co- Co- B2 Co- Co—- 2 Co- Co—
(Co- = A2, B2, or C2) (Co- = A1, Bl, or Cl)
2. X2 4. X2 6. X2 8. X2
Al Al A2 A2
B2 Co-Co- C2 Co-Co- Bl Co-Co- Cl Co- Co-
(Co- = A2, Bl, or Cl) (Co- = A1, B2, or 2)
Symmetry
1, X1 3. X1 5. X1 7. X1
Bl Cl B2 c2
Al Co-Co- Al Co-Co~- A2 Co- Co- A2 Co- Co-
(Co—- = A2, B2, or C2) (Co- = A1, Bl, or Cl)
2. X2 4. X2 6. X2 8. X2
B2 (00] Bl Cl
Al Co-Co- Al Co-Co- A2 Co- Co- A2 Co— Co—
(Co- = A2, Bl, or Cl) (Co- = Al, B2, or C2)
Transitivity
1. X1 2. X1 3. X2 4. X2
Bl Cl B2 c2
Cl Co- Co— Bl Co- Co— 2 Co—- Co— B2 Co- Co—
(Co- = A2, B2, or C2) (Co- = Al, Bl1l, or Cl)
5. X1 6. X1 7« X2 8. X2
B2 c2 Bl Cl

2 Co— Co— B2 Co- Co- Cl Co—- Co- Bl Co— Co—
(Co- = A2, Bl, or Cl) (Co- = A1, B2, or C2)

* Correct choices are shown on the left in all tables. ILocation
of the camparisons is randamized during all experiments.
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camparison, and Y2 and Z2 were incorrect camparisons. Generic training
trial types are shown in Table 4.

Phase 2 testing. Test 3 evaluated symmetry. The trial types used

in Phase 2 training were randamly mixed with approximately 50% of trial
types in which sample and correct camparison were interchanged. That
is, Y1, Y2, Z1, or Z2 were presented in the sample position, and the
correct camparison was X1 or X2, depending on the contextual cue.
Test 4 evaluated transitivity. Trial types employed in Phase 2
training were randomly mixed with 50% transitive trial types (e.g., Y1
was presented as the sample and Z1 was the correct camparison).
Generic trial types are depicted in Table 4.

Contextual class test. This phase tested whether the derived

contextual class stimuli controlled the trained conditional relations
of Phase 1. Testing took place with the training trial types of Phase
1 randamly mixed with approximately 50% of the new contextual class
members in the fifth-term position (see the last panel 3 of Figure 1).
Generic trial types are shown in Table 4. Testing occurred for a
minimm of four sessions of performance at 75/80 correct. The subjects
were debriefed following this test. The format for the debriefing is
at the end of Apperdix C. The same format was used for all

experiments.
Results

Figure 3 shows the number of trials per session for training and
testing trial types for each subject in each phase of the experiment
consistent with inferences of contextual control, symmetry, and
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Table 4
Trial Types for Experiment 1A Phase 2

Tt
1. X1 2. X1 3. X2 4. X2

Yl Co— Co—- Zl Co- Co- Y2 Co— Co— Z2 Co- Co—-

Symmetry

1. 71 2. 2 3. Y2 4. 22
X1 Co- Co- Xl Co-Co- X2 Co- Co- X2 Co- Co-
Transitivity
1. Y1 3. Fl 3. Y2 4. 22
Z1 Co- Co- Yl Co- Co- 22 Co- Co- Y2 Co- Co-
(Co- = X2, Y2, or Z2) (Co- = X1, Y1, or Z1)

Coritextual Class Test

1. Y1 3. Y1 5. ¥1 7« Y1
Al Al A2 A2
Bl Co— Co- Cl Co— Co— B2 Co—~ Co— 2 Co- Co-
(Co- = A2, B2, or 2) (Co- = A1, Bl, or Cl)
2. Y2 4 Y2 6. ¥2 8. Y2
Al Al A2 A2
B2 Co-Co- @2 Co-Co- Bl Co-Co—- Cl Co- Co-
(Co— = A2, Bl, or Cl) (Co- = A1, B2, or )
9. 21 10. Z1 11. 21 12. Z1
Al Al A2 A2
Bl Co-Co~ €1 Co=Co~ B2 Co-Co- C2 Co- Co
(Co—- = A2, B2, or ) (Co- = A1, Bl, or Cl)
13. 22 14. 272 15. 22 16. Z2

Al A2 A2

Al
B2 Co— Co- 2 Co- Co— Bl Co- Co— Cl Co— Co—
A2, Bl, or Cl) (Co- = A1, B2, or 2)
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transitivity combined expressed as a total of 80 trials (shaded bars),
and separately as percents (dots and lines). The relative measure was
employed to express the data on test sessions because the random
program of the camputer scheduled a widely variable number of test

trial types each test session.

Phase 1

Training. The conditional responses of all subjects came under
the control of the contextual stimuli in Phase 1. The length of time
to acquire the contextual discrimination varied across subjects from 6
to 18 sessions. S4 received four sessions of training and did not
exhibit any acquisition. This subject was then exposed to Phase 2
before continmuing with Phase 1. Data in Figure 3 for Subject 4 are
presented in the order in which the phases occurred.

Symmetry. Separate symmetry data were lost for S3 (the entire
test), S6 (Sessions 7, 9, and 10), S1 (Sessions 8 and 9), and S4
(Session 45). S1 was given two additional sessions because of the loss
of the separated data. Four of the six subjects (S1, S2, S3, S5)
showed perfect responding on symmetry test trial types within a few
sessions. (This conclusion is by inference for S3 fram the combined
data on which by the fourth symmetry test session, S3 responded
consistently on all 80 trials.) Sé's cambined data met criterion in
five sessions, although responding was not perfect.

Transitivity. All subjects except S6 demonstrated transitivity
within 4-8 test sessions. Of these subjects, only S1 showed a

considerable acquisition-like function on the transitivity trial types.
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For the remaining subjects responding on the transitivity trial types
was at 100% by the first (S2, S4) or second (S3, S5) test session.
(S4's data are read from Sessions 49-52.)

S6's unchanging performance around 50% on the transitivity test
trial types suggested the need to re-examine the symmetric relations.
Recall that in the absence of separate symmetry data S6 met criterion
in Phase 1 symmetry testing without being all the way to 100%. On a
second symmetry test cambined data of 69 of 80 correct on Session 17
further suggested that the symmetry relations were weak. Accordingly,
S6 was returned to training for one session (18) and six more sessions
(19-24) of symmetry testing were necessary before symmetry performance
reached criterion. Transitivity testing was reinstated at Session 25
and performance was near or above 75/80 cambined, but performance on
the trained trial types deteriorated. Since a week and a half had
passed from the last training session, one session of training was
administered at session 31. The subject then exhibited four
consecutive sessions of perfect responding to transitivity and training

trial types.

Phase 2

Training. Most subjects learned the four-term matching-to—-sample
task rapidly, requiring no more than 4 or 5 sessions. S4, who had
never came to criterion on Phase 1 before being introduced to Phase 2,
required 15 sessions.

Symmetry. All subjects but S4 demonstrated symmetrical relations

on testing in Phase 2 (see Figure 3). S4's criterion performance on
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the training trial types was considerably disrupted by the introduction
of symmetrical trial types in the symmetry test. The cambined
performance of S4 leveled off at 50/80 after three sessions. Responses
to training trial types were much more accurate than those to symmetry
test trial types. Within one session of symmetry testing, responses to
training trial types recovered to near 90%. However, symmetry
responding began at around 10% and fell to zero. An additional
training session was presented at Session 27 to get the training trial
type baseline back near 100 percent. With a subsequent return to
symmetry testing, S4's symmetry responses were at 100 percent of
symmetry test trial types by the third session of this exposure to
symmetry testing.

Transitivity. All subjects demonstrated transitive relations at

criterion on testing.

Contextual Class Test

On the contextual class test, Subjects 2-6 performed at criterion
within 4-6 sessions. Both S3 and S6 exhibited considerable
acquisition-like functions on their responses to the derived contextual
stimuli. When asked after the experiment to verbally report the
conditional relations (as described in Appendix C), Subjects 2-6 were
able to do so correctly for all the relations.

S1 scored below criterion on the contextual class test. The
subject had no difficulty with the trained relations, scoring 97% to
100% correct. Test probe performance started at 46% and continucusly

fell, reaching 10% by the fourth session. A return to transitivity
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testing at Session 42 indicated that responses both to the training
trial types and the transitive trial types were consistent, so two more
sessions of the contextual test were presented. S1 continued to
perform below criterion and requested to end the experiment. Again,
trained relations were intact (97%-100%) and test prabe performance was
poor (32%-22%). During debriefing, S1 was able to report correctly
each of the relations, except those of the contextual class test. She
reported not knowing what to do when Y1, Y2, Z1, or Z2 were on the top
of the screen (contextual class probes). She then asked whether how
those four stimuli were related to X1 and X2 was supposed to determine
how to perform on the contextual class test. The experimenter
responded by asking if she would like to try the test again. Four more

sessions were performed, and S1 performed at criterion.
Discussion

In the present study, each of the six subjects acquired four,
three-member classes of equivalent stimuli under the control of two
contextual stimuli in a five-term matching-to-sample task. In a
subsequent four-term matching-to-sample task, it was then possible to
relate two additional stimuli to each of the contextual stimuli,
forming two, three-member classes of contextual stimuli. Finally, it
was shown that the equivalent stimuli in the contextual classes
controlled performance of the four-term matching-to-sample task without
directly having been trained in this function.

The research described here systematically replicates prior

research on contextual control (e.g., Bush et al., 1989; Fucini, 1982;
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Lazar & Kotlarchyk, 1986) and extends the stimulus equivalence paradigm
to the study of classes of contextual stimuli. Such an extension sets
the stage for further analysis of fifth-term control (Sidman, 1986) and
its usefulness in predicting and controlling develcopment of camplex
stimilus classes such as those found in language.

The present data also provide a more detailed analysis of the
conditions under which contextual control is established, since all
possible symmetrical and transitive relations were tested. In much of
the literature, symmetry is not tested unless transitivity is not
exhibited. If transitivity is present, then logically, symmetry must
also be present (Sidman & Tailby, 1982). One consequence of testing
all relations is the reaffirmation that symmetry and transitivity are
frequently derived during testing, not training (Sidman et al., 1985).
Gradual acquisition of transitivity by Subjects 1, 3, and 6 in Phase 1
and gradual acquisition of symmetry by all subjects in Phase 1 lend
support to such an inference. Where transitive relations were found to
be weak, return to symmetry testing indicated that the symmetrical
relations were also weak, as illustrated by the test results for S6 in
Phase 1. That a return to a prior test phase could improve mastery
over a current test phase provides indirect evidence that learning the
relations does take place on testing (cf. Sidman & Tailby, 1982). Same
subjects evidently require the opportunity to verify that the relations
work symmetrically before they can demonstrate transitivity.

Transitive performance in Phase 1 was not dependent in any way on
the presence of the contextual stimuli—Bl was always related to B2 and

Cl to 2 independent of the contextual stimuli. This was inevitable,
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given the limits to rearranging three-member classes. Such a
limitation does not campramise the results, since all the trained
corditional relations were dependent upon the contextual stimuli.

A possibility remains that the subjects may have simply learned
to exclude B1-Cl and B2-C2 whenever both members of aone of the pairs
appeared as incorrect camparisons. Also, Al and A2 were used as
training or transitivity testing. The subjects may have learned to
exclude Al and A2 during training or transitivity testing. However,
during symmetry testing, both Al and A2 served as the correct
camparisons.

Same of the subjects had initial difficulty with the five-term
matching-to-sample task. This showed up primarily in the number of
sessions necessary for criterion attaimment. For the most part
however, acquisition proceeded steadily for all subjects except one
(i.e., S4). Since Subject 4 was able to perform the four-term
matching-to—-sample task after experiencing much difficulty on the five-
term matching-to-sample task, perhaps acquisition of the five-term
matching-to-sample task would have been easier if the unconditional
matching-to-sample task was taught first. Kennedy and Laitinen (1988)
reported having great difficulty establishing contextual control when
using a task in which the contextual stimilus was present from the
beginning (analogous to the five-term matching-to-sample task in this
experiment). In the present experiment, only one subject (S4)
demonstrated serious difficulty in learning the task. The most notable
difference between the present procedures and those of Kennedy and
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Iaitinen (1988) was that the present experiment employed three
camparison stimuli per trial while they used two camparisons (see also
Bush et al., 1989). Serna (1987) and Sidman (1987) have suggested that
using two camparisons may not work as well as using three or more.

Unequivocal evidence for transfer of function would seem to
require performance that was instantly at criterion on test trial
types. In the present experiment several sessions were required by
same subjects before control by the derived contextual stimuli was
perfect. As mentioned above, this is cammon in this literature and
suggests that acquisition is ongoing during the actual test of the
outcame. But where transferred function is the focus, the question
might be raised as to whether simply the insertion of novel stimuli as
probes in the location of the fifth-term stimulus in a circumscribed
experimental envirorment such as this might not have led to the same
outcame. It is, of course, an empirical question, but one potentially
of same importance.

Little can be said about what produced the sudden change in Sl's
contextual classification performance, except to note that the change
came during debriefing after she had verbally described all of the
other relations in the task, except for those relations controlled by
the potentially equivalent contextual stimuli. This rehearsal
potentially may have contributed to the end result; however, it is
distinctly possible that uncontrolled factors involved in the

debriefing may have produced the same cutcame.
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EXPERTMENT 1B

Experiment 1A demonstrated that basic stimulus equivalence
procedures could be used to extend contextual stimilus function.
Sidman et al. (1985) demonstrated that stimulus classes can be extended
rapidly by relating together one stimulus fram each of two classes.
They taught subjects two three-member classes and then related together
one stimulus fram each class. The two classes became one, larger
class. The question arises whether such a rapid extension of stimulus
equivalence will extend to transfer of function, and whether such
procedures would work with a class at the fifth-term level. In
Experiment 1B, contextual control of two three-member stimulus classes
was established in direct replication of Experiment 1A. Two new three-
member classes were trained, and subjects were taught to relate one
stimulus from each of the new classes to one stimulus in a contextual
class. Tests were conducted to verify whether two six-member classes
were formed, and to find whether the new stimuli would function as

contextual stimuli.
Method

Subjects

Three subjects were recruited from the undergraduate introductory
psychology class at Utah State University. Two were males aged 22 and
23, ard one was a female aged 31. They were given class points for
participating in the research, and bonus points were given for

campleting the experiment.
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Apparatus
The same apparatus as in Experiment 1A was used.

Procedure

Phases 1 and 2 of Experiment 1A were repeated. All sessions
except the contextual generality tests in Phase 2 and Phase 4 lasted
for 64 trials. Each task was ended when a criterion of two consecutive
sessions of at least 61/64 correct (95%) on cambined performance was
achieved. Sessions were shortened in length fram 80 trials in order to
lessen subject fatigue. The fading of feedback was discontinued
because it lengthened the number of sessions, and was possibly of no
benefit. Feedback was presented on every trial during training tasks,
and no feedback was ever presented during testing tasks.

Immediately following the contextual class test, Phase 3 was
begun. Two new three-member classes were trained, Ul-V1-Wl and U2-V2-
W2 (see Figure 4). Symmetry and transitivity were tested in separate
sessions. Sessions were 64 trials long, half test relations and half
trained relations presented in randam order. Symmetry was tested
first, followed by transitivity testing. Individual generic trial
types for Phase 3 are depicted in Table 5.

Phase 4 involved connecting the new three-member classes to the
contextual classes established in Phase 2, and testing for the
existence of derived relations. One stimulus from each of the two new
three-member classes was related to one stimulus fram a contextual
class, i.e., V1-Z1 and W2-Y2. When training was camplete, each of the

possible derived relations was tested. Generic training and testing
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EXPERIMENT 1B

Phases 3 and 4
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Derived -----
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’Figu_re 4. Control of the organization of three-member classes by
classes of contextual stimuli in Experiment 1B.
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Table 5
Trial for iment 1B Phase 3
Training
1. UL 2. Ul 3. U2 4. U2
Vi Co- Co- W1l Co- Co- V2 Co- Co- W2 Co- Co-
Symmetry
1. Vi 2. Wl 3. V2 4. W2
Ul Co- Co- Ul Co- Co- U2 Co- Co- U2 Co- Co-
Transitivity
1. V1 2. W1 3. V2 4. W2
Wl Co- Co~ V1 Co= Co- W2 Co~ Co= V2 Co~ Co~

(Co- = U2, V2, W2) (Co- = U1, V1, Wl)

trial types for Phase 4 are shown in Table 6. When testing

demonstrated that two six-member classes existed, the Contextual Class
Test of Phase 2 was repeated with the new stimuli serving in the fifth-
term position instead of the three-term contextual class established in
Phase 2. Individual generic trial types for the Contextual Class Test

are shown in Table 7.

Results

Phase 1

Results are illustrated in Figure 5. Due to an error in the
camputer programs, S7 and S8 both received two training sessions with
only two trial types (numbers 7 and 8 fram Table 3). A session of

symmetry testing was given before the error was discovered. S7 scored



Table 6

Trial

for

(Co- = X2,Y2,22,U2,V2,W2)

iment 1B Phase 4

1.

V1

Traini
21 2.

Co- Co—

W2

Derived Relations

Y2 Co- Co—

(Co- = X1,Y1,21,U1,V1,W1)

1. X1 2. X1 3. x1 4. Y1
Ul Co- Co- V1 Co- Co- WL Co- Co- Ul Co
5. ¥1 6. Y1 7. 21 8. 71
VI Co- Co- Wl Co- Co- Ul Co- Co- W1 Co-
9. U1 10. V1 11. w1 12. U1
X1 Co- Co- X1 Co- Co- X1 Co- Co- Y1 Co-
13. V1 14. W1 15. Ul 16. W1
Y1 Co- Co- Y1 Co- Co- Z1 Co- Co- Z1 Co-
(Co- = X2, Y2, Z2, U2, V2, or W2)
17. X2 18. X2 19. X2 20. Y2
U2 Co- Co- V2 Co- Co- W2 Co- Co- U2 Co-
21. Y2 22. 22 23. 22 24. 72
V2 Co- Co- U2 Co- Co- V2 Co- Co- W2 Co-
25, U2 26. V2 27. W2 28. U2
X1 Co- Co- X1 Co- Co- X1 Co- Co- Y1 Co-
29. V2 30. U2 31. W2 32. W2
Y2 Co- Co~- 22 Co- Co- Z2 Co- Co- Z2 Co

(Co-=X1, Y1, Z1, U1, V1, or Wl)
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Table 7

Contextual Test Trial Types for Experiment 1B

1. ¥ 2. U1 3. Ul 4. U1
Al Al A2 A2

BlL Co-Co- Cl Co-Co- B Co-Co- C2 Co- Co-
5. Y1 6. V1 7. V1 8. V1
Al Al A2 A2

Bl Co-Co- Cl Co-Co- B2 Co-Co- C Co Co-
9. Wi 10. Wi 11. Wl 12. W1
Al Al A2 A2

Bl Co-Co- Cl Co-Co- B2 Co-Co- C(C2 Co Co-

(Co- = A2, B2, or C2) (Co- = Al, Bl1l, or Cl)

13. U2 14. U2 15. U2 16. U2
Al Al A2 A2

B2 Co-Co- C2 Co-Co- Bl Co-Co- C(Cl1 Co Co
17. V2 18. V2 18. V2 9. V2
Al Al A2 A2

B2 Co-Co- €2 Co-Co- Bl Co-Co- €l Co- Co-
21. W2 22. W2 23. W2 24. W2
Al Al A2 A2

B2 Co-Co- @2 Co-Co- Bl Co~Co~ Cl1 Co- Co~

(Co- = A2, Bl1, or Cl) (Co- = A1, B2, or C2)
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96.9% on the first session and 100% on the second, while S8 scored
95.3% on the first session and 100% on the second. S7 performed at
57.5% (cambined) on the symmetry test. He performed perfectly on not
only the two trained relations, but also on the two remaining
conditional relations controlled by the contextual stimulus X2. He
also got 15/20 correct of the corresponding symmetrical relations. S8
responded correctly on the symmetrical relations corresponding to the
two trained relations, and made one error on the relations that had
been trained. He scored at or below chance on the remaining relations.
S7 quickly learned the remaining relations in five sessions. His
scores ranged from 79.7% to 96.9% correct. S8 took nine additional
sessions to came to criterion. His scores ranged fram 56.3% to 100%.
S9 took nine sessions of training to came to criterion. Her scores
ranged from 48.4% to 96.9%.

On symmetry testing, S7 took three sessions to reach the
criterion, S8 took 4 sessions, and S9 took two sessions. S7 scored
poorly on symmetry trials on the first session of testing (Session 8).
His scores on symmetry ranged from 41.3% on the first test session to
100% on the second. His performance on the trained relations ranged
from 96.9% to 100%. S8 had scores ranging fam 87.5% to 100% on
symmetry and 90.6% to 100% on the trained relations. S9 scored at
96.9% correct on symmetry relations both sessions, and made one error
(96.9% correct) on the trained relations on the first session of
testing.

On transitivity testing, S7 took 4 sessions to came to criterion,

and S8 and S9 both took two sessions. The performance of S7 on
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transitivity relations increased fram 55% to 100%, and his performance
on the trained relations fluctuated between 95% and 100%. S8 scored
perfectly on the trained relations on both sessions of testing, and his
performance on transitivity relations increased fram 90.6% to 93.8%.

S9 also scored perfectly on the trained relations on both testing
sessions, and her performance on transitive relations ranged from 96.8%

to 90.6%.

Phase 2

All three subjects learned the relations quickly, and displayed
near perfect performance on the first session. S7 scored 98.4% on both
sessions. S8 scored 98.4% correct on the first training session, and
95.3% on the second. S9 increased her score fram 98.4% correct to
100%. All three subjects also demonstrated symmetrical and transitive
performances upon testing. S7 and S8 both had perfect sessions of
symmetry and transitivity testing. S9 scored at 93.8% correct on
symmetry relations on the first session of testing, and at 100% on
training both sessions and on symmetry the second session. S9 was
given a session of transitivity testing before symmetry testing and one
after, due to a recording error. Performance was not affected. She
scored at 100% on both transitivity sessions. All three subjects
performed at criterion in two sessions on the contextual generality

test.

Phase 3
All subjects performed at criterion in two sessions on each

portion of Phase 3. Each subject made one error on the first session
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of training, and performed perfectly on the second. S7 had a cambined
score of 96.9% on the first symmetry session, and scored 100% correct
on the second. S8 and S9 both performed perfectly on the symmetry
test. S7 and S9 performed at 100% on transitivity testing. S8 made

one error on transitivity on the second session of testing.

Phase 4

All three subjects performed at criterion in two sessions on
training. S7 scored 98.4% correct on the first session and 100% on the
second. S8 and S9 each scored 100% correct on both of their training
sessions. S7 and S9 performed at 100% on two sessions of the derived
relations test (cambined symmetry and transitivity——S+T on Figure 5).
S8 took three sessions to reach criterion. His performance increased
fram 90.6% correct to 100%.

A programming error occurred on the first session of the
contextual generality test for S7. He went on to score 97.9% correct
(cambined) on the first session, and 100% on the second. S8 tock three
sessions to reach criterion on the contextual generality test. He
scored 93.8% correct (combined) on the first session, and 100% on the
two remaining sessions. S9 scored 100% correct on the first session
and 95.8% (cambined) on the second session of the contextual generality
test.

Following Phase 4, all subjects were debriefed. They were asked
to describe in words what had happened during the experiment. Only S9
could do so. Each of the three subjects was able to describe the
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conditional relations they had learned when they were given a list of

the stimuli.
Discussion

Three subjects were trained to group stimuli into groups of three
based upon the presence of two contextual stimuli. Two novel stimuli
were related to each contextual stimulus, and testing demonstrated the
existence of two three-member contextual classes. Two new three-member
classes were established, and one member from each class was related to
one member of a contextual class. Testing demonstrated that two six-
member contextual classes were formed, and that the members of the two
three-member classes trained in Phase 3 gained contextual function.

Experiment 1B extends the findings of Experiment 1A to six-member
classes and demonstrates that the rapid expansion of equivalence
classes extends to transfer of contextual function as well. The
difficulties in Experiment 1A with long acquisition times on training
tasks and the need for several sessions of testing for derived
performances to emerge did not occur in Experiment 1B. Phases 1 and 2
only took 21-26 sessions in Experiment 1B rather than the 33-39
sessions needed in Experiment 1A. This is likely due to fewer
difficulties with programs and equipment.

Ancther interesting finding is the ease of training four-term
relations after the subjects have been exposed to five-term
relations. Apparently, their experimental history allowed the subjects
to very quickly learn campletely new relations. The subjects often

made only one error, which was on the first or second trial. Two
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trials provided enough information for them to learn four conditional
relations.

The incamplete training sessions presented to S7 and S8 at the
beginning of the experiment led to same interesting results. S7 was
able to infer the remaining conditional relations involved with the
contextual stimulus X2. He learned X2-A2-Bl and X2-A2-Cl during
training (the leftmost relations on Phase 1 of Figure 1). During
session 3, he scored perfectly on those relations and the other two
relations controlled by X2 (X2-Al1-B2 and X2-A1-C2). He also performed
correctly on 75% of the symmetry prabe trials. He scored at chance on
the relations controlled by X1. The results may be due to exclusion;
that is, since A2-Bi—Cl go together, then Al1-B2-C2 must go together
(McIlvane, Kledaras, Munson, King, deRose, & Stoddard, 1987).

The factors which led to the establishment of an entire stimulus
class without training may be related to the presence of an explicit
contextual stimulus, and are worthy of further research. Regardless of
the cause, methods can be devised which will train the relations faster

and more efficiently, thus making the methods more practical for

applied use.
Exclusion of Incorrect Comparisons

An examination of patterns of incorrect responding indicated that
the subjects did exclude Al and A2 during training but not during
testing (Table 8). This did not appear to impair acquisition of
symmetry or transitivity. Whether the use of samples as incorrect

camparisons impairs or facilitates the acquisition of stimulus classes
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S8 Incorrect Camparisons
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Each Subject Each Session of Experiment 1B Phase 1 and Contextual Class

Session Al Bl Cl

Table 8
Test

S7

NOOIMANWVUNONOOODOOOHOOOOO

oOrNMUVUMAHOAOOHHOOOOHOO

A2 B2
0 1
0O O
11
5
1
1

CO0OO0O0O0OO0OANNODOOHOOO

NVWOFMAOHOOOHOOOOHOO

NIFIONLAAATOOO0OO0OA00O0~0O0

OO 00000 HHOOMHOOO

10

AN OSN000 MIFNOSO0 0O
=~ L B B B B B I e BN IS
10m30011001100600 971010000001000
HFOANMNMIFAOOOOLOOOMOO m&582943000000000
OO0 O00O0O0OHOMANNOOMOO mﬁloooooooooolloo
132111001000u00 mu n VM NAMOOO0OO0OO0OOH
AMOOA A0 ANOAAA~O m VAN MONHOOOOH
n10000003000400 mm NOOOODOOOOHHOMOO
12345678901u34012 m12345678901m334
=~ [ B B 22 B 00 B o0 -~ ~ =1
9m
0



56
may be valuable methodological information. Table 9 presents data on
how often subjects made correct responses when each possible
cambination of incorrect cambinations was present. If subjects
excluded B1-Cl or B2-C2, they should make more correct responses on
those trials than when other cambinations of incorrect camparisons were
present. No consistent differences between cambinations of incorrect
canparisons are evident, which indicates that subjects did not learn to
exclude B1-Cl or B2-C2 when those stimuli served as incorrect

camparisons together either on training or tests.
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e Combination of
iment 1B

Pairs of Incorrect Comparisons
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Table 9 (Continued)

Pairs of Incorrect Camparisons
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EXPERTMENT 2

Experiments 1A and 1B provided further support for Sidman's
(1986) hierarchical framework for stimulus control. The two
experiments demonstrated fifth-term control of stimulus classes, and
explored some of the effects of stimulus equivalence on transfer of
contextual function. Experiment 2 demonstrates that sixth-term control
of stimulus classes, which correspaonds to third-order stimulus-stimulus
conditioning, is possible within an operant procedure. Specifically,
four college students were taught to order six stimuli into groups of
three based on which of two contextual stimuli (fifth-term) and which
of two sixth-term stimuli were present. They were then taught to
relate novel stimili to the two sixth-term stimuli to form two classes
of sixth-term stimuli. A test was then conducted to determine whether
the novel stimuli would function similarly to the original sixth-term

stimuali.
Method

Subjects

Four undergraduate college students, two females and two males
served as subjects. Three were recruited for the study from the
introductory psychology class at Utah State University. Their ages
ranged fram 21 to 27. They received class points for participating in
the experiment, with bonus points available for campleting the
experiment. The fourth subject heard about the experiment through a
friend and volunteered.
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Apparatus
Apparatus was the same as in prior experiments with the following
exceptions. Subjects were seated in a small room at one of two tables
with an Apple monitor and a joystick. An on-line Apple IIe or II+
microcamputer was located behind a partition to arrange events and

record data.

Procedure

The general procedure throughout the experiment was a naminal
matching-to-sample task in one of two formats. The first was the
sixth-term task in which the conditional stimuli were presented in a
column with the sixth-term stimulus at the top, the fifth-term stimulus
immediately below, followed by the sample, with three camparisons
centered below the sample (see Figure 6). A trial began with the
sixth-term stimulus on the screen. As in prior experiments, the
subject was required to make a response by pressing a button on the
joystick. Each conditional stimulus was added one at a time, dependent
on a button response for each. When the third-term stimulus (i.e.,
sample) appeared, a button press produced three camparison stimuli
arrrayed horizontally. Cho:.oe of caomparisons was made as in prior
experiments.

The second format was a four-term three—choice matching-to—-sample
task identical to that used to prior experiments. The sample and
camparisons appeared in the same location as in the sixth-term task
(see Figure 6). No trial-end feedback was given during test sessions.
Sessions were 64 trials long, and 3 to 6 sessions for a total of 40-50

minutes each day were conducted 2 to 3 days a week.



Screen Formats

Six-Term
Matching-to-Sample

Format
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Conditional Context

Contextual Sample
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Comparisons
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Four-Term
Matching-to-Sample

Format

80 mm

15 mm—|

Sample

Comparisons

e

Fiqure 6. On-screen formats for the matching-to-sample tasks in

Experiment 2.
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Phase 1 ining. Sixteen conditional relations were trained

using the sixth-term task in order to establish the six-term
contingency shown in Phase 1, Figure 7. For example, when given X1 at
the top of the screen, Ml below it, and Al as the sample the subject
earned points for selecting Bl or Cl, but given X1 at the top, M2 below
it, and Al as the sample the subject earned points for selecting B2 or
C2. Generic training trial types are depicted in Table 10. Training
ended when a criterion of two consecutive sessions of 61/64 correct or
greater occurred.

S12 was trained on subsets of the conditional relations in an
attempt to improve performance. Set 1 was camprised of the two
conditional relations on the top far left and the two on the bottom far
right of Figure 7, Phase 1, i.e., X1-M1-Al-Bl, X1-M1-Al1-C1,
X2-M2-A2-B2, and X2-M2-A2-C2. Set 2 was camprised of X1-M1-A2-B2,
X1-M1-A2-C2, X2-M2-Al-Bl, and X2-M2-Al-Cl. Sessions were 64 trials
long, 16 trials for each relation. Set 1 was trained to criterion, and
then Set 2 was trained to criterion.

Phase 1 testing. Symmetry and transitivity tests were conducted

upon completion of training. Test sessions consisted of 50% probe
trials in a training (Phase 1) baseline for 64 trials per session. At
least two sessions of testing were conducted. If accurate performance
was increasing, further sessions were conducted until the subjects
demonstrated two consecutive sessions of at least 61/64 correct. Test
1 examined symmetry, in which the samples and camparisons were

reversed, for example, X1-M1-Bl-Al. Test 2 examined transitivity, for
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Table 10
Tra Trial for iment 2 Phase
I. Xl 2. X1 3. X1 4. X1
Ml Ml Ml M1
Al Al A2 A2
Bl Co-Co- Cl Co-Co- B Co-Co- 2 Co Co-
(Co- = A2, B2, or C2) (Co- = A1, B1, or Cl)
5. Xl 6. X1 7. X1 8. X1
M2 M2 M2 M2
Al Al A2 A2
B2 Co-Co- C2 Co-Co- Bl Co-Co- Cl Co Co-
(Co- = A2, Bl, or Cl) (Co- = Al, B2, or C2)
g9, X2 10. X2 11. X2 12. X2
M M1 Ml Ml
Al Al A2 A2
B2 Co-Co- C2 Co-Co- Bl Co-Co- Cl Co Co-
(Co- = A2, Bl, or Cl) (Co- = A1, B2, or C2)
13. X2 14. X2 15. X2 l6. X2
M2 M2 M2 M2
Al Al A2 A2
Bl Co-Co- Cl Co-Co- B2 Co-Co- C2 Co Co-
(Co- = A2, B2, or C2) (Co- = A1, Bl, or Cl)

64
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example, X1-M1-B1-Cl. Generic testing trial types are shown in Table
11

Phase 2 training. Two of the subjects participated in Phase 2
(S11 ard S13). The four-term matching-to-sample task was used. The
subjects were trained to relate two stimuli to each of the sixth-term
stimuli used in Phase 1 (See Figure 7, Phase 2). The relations were
X1-Y1l, X1-21, X2-Y2, X2-Z2. Training trial types are shown in Table
12. The incorrect stimuli were selected at random from the other
three-member class. The criterion for completeing training was the
same as in Phase 1.

Phase 2 testing. Testing began when the criterion was reached.

Test 3 evaluated symmetry. Phase 2 training trial types were mixed
randomly with 50% symmetry trial types in which the sample and
camparison were reversed, i.e., Y1-X1, Z1-X1, Y2-X2, and 22-X2. Test 4
evaluated transitivity. Phase 2 training trial types were mixed
randomly with 50% transitive trial types, i.e., Y1-Z1, Z21-Y1, Y2-2Z2,
72-Y2. Testing trial types are depicted in Table 12.

Phase 3 contextual class test. Fifty percent of the trials were
comprised of the Phase 1 training trial types. In the remaining 50
percent, stimuli from the three-member classes taught in Phase 2 were
used in the sixth-term position (See Figure 7, Phase 3). Individual
trial types are depicted in Table 13. Testing lasted for at least two
sessions of 64 trials. The subjects were debriefed following this

test.
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Table 11
Testing Trial Types for Experiment 2 Phase 1
Symmetry
1. xa 2. X1 3. X1 4. X1
Ml ML Ml ML
Bl c1 B2 2
Al Co-Co- Al Co-Co- A2 Co- Co- A2 Co- Co-
(Co- = A2, B2, or C2) (Co- = A1, Bi, or Cl)
5. X1 6. X1 7. X1 8. X1
M2 M2 M2 M2
Bl 64 8 B2 c2
A2 Co-Co- A2 Co-Co- Al Co- Co- Al Co- Co-
(Co- = A2, Bl, or Cl) (Co- = Al, B2, or Q2)
9. X2 10. X2 11. X2 12.. X2
M1 M1 Ml M1
Bl C1 B2 c2
A2 Co-Co- A2 Co-Co- Al Co- Co- Al Co- Co-
(Co- = A2, Bl, or Cl) (Co- = Al, B2, or C2)
13. X2 14. X2 15. X2 l6. X2
M2 M2 M2 M2
Bl c1 B2 c2
Al Co-Co- Al Co-Co- A2 Co- Co- A2 Co- Co-
(Co- = A2, B2, or C2) (Co- = Al, Bl1l, or Cl)
Conceptual transitivity test trial types
1. Sixth 2. Sixth 3. Sixth 4. Sixth
Ctxt Ctxt Ctxt Cext
Bl Cl. B2 c2

Cl Co— Co— Bl Co- Co— c2 Co—- Co—- B2 Co— Co—

: (Co- = A2, B2, or Q2) (Co- = Al, B1, or Cl)
If XIM2 or X2Ml: (Co- = A2, Bl, or Cl) (Co- = Al, B2, or Q2)
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Table 12
Trial for iment 2 Phase 2
Training
1. X1 2. Xl 3. X2 4. X2

¥l ©Co- Co— Zl Co—-Co—~- Y2 Co- Co— 22 Co—- Co—
Symmetry
1. Y1 2. 21 3. Y2 4. Z2
X1 Co-Co- X1 Co-Co- X2 Co-Co- X2 Co- Co-
Transitivity
1= X1 2ier kil 3. Y2 4. Z2
Zl Co-Co- Yl Co-Co- 22 Co-Co- Y2 Co- Co-

(Co- = X2, Y2, or Z2) (Co- = X1, Y1, or Z1)

Results

Phase 1

Results are depicted in Figure 8. $S10, S11, and S13 acgquired the
sixth-term task in 12, 15, and 16 sessions, respectively. S10 and S11
demonstrated symmetry upon testing while S13 required three sessions to
reach criterion. S10 and S13 showed transitivity upon testing, while
S11 took 3 sessions to reach criterion.

S12 was unable to learn the task within the time limits of the
academic quarter. Initially, he scored between 29.7% and 50% correct
for 10 sessions. When the procedure was changed for him to a subset of
the possible stimulus relations seen by the other subjects, he took 5
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Table 13
Testing Trial Types for Experiment 2 Phase 3
1. Y1 2. Y1 3. Y1 4. Y1
M Ml M1 M1
Al Al A2 A2

Bl Co- Co- Cl Co- Co- B Co-Co- & Co- Co-

(Co- = A2, B2, or C2) (Co- = Al, Bl, or C1)
5 Y1 6. ¥1 7w Y1 8. Y1
M2 M2 M2 M2
Al Al A2 A2

B2 Co—- Co- 2 Co- Co— Bl Co- Co— Cl Co—- Co—

(Co- = A2, Bl, or Cl1) (Co- = Al, B2, or C2)
9. 71 10. Z1 11. Z1i 12. 71
M1 M1 Ml M1
Al Al A2 A2

Bl Co-Co- Cl Co-Co- B2 Co- Co- C2 Co- Co
(Co- = A2, B2, or C2) ~ (Co- = A1, Bl1, or C1)

(table continues)



Table 13 (Continued)

13. Z1 14. Z1 15. 21 16. 21
M2 M2 M2 M2
Al Al A2 A2
B2 Co-Co- 2 Co-Co- Bl Co-Co- Cl1 Co Co
(Co- = A2, Bl1l, or Cl) (Co- = A1, B2, or 2)
17. Y2 18. Y2 19. Y2 20. Y2
M Ml M1 M1
Al Al A2 A2
B2 Co-Co- C2 Co-Co- Bl Co-Co- Cl Co- Co
(Co- = A2, Bl, or Cl) (Co- = Al, B2, or C2)
21. Y2 22. Y2 23. Y2 24. Y2
M2 M2 M2 M2
Al Al A2 A2
Bl Co-Co- Cl Co-Co- B Co-Co- C(C2 Co Co-
(Co- = A2, B2, or C2) (Co- = A1, B1, or Cl)
25, 22 26. Z2 27. 22 28. Z2
M1 M1 M1 Ml
Al Al A2 A2
B2 Co-Co- 2 Co-Co- Bl Co-Co- Cl Co Co
(Co- = A2, Bl1, or Cl) (Co- = A1, B2, or C2)
29. Z2 30. Z2 31. 2Z2 32. Z2
M2 M2 M2 M2
Al Al A2 A2
Bl Co-Co- Cl Co-Co- B Co-Co- C2 Co- Co
(Co- = A2, B2, or C2) (Co- = Al, Bl, or Cl)

69
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EXPERIMENT 2

Subject 10 Subject 11

I Phase 1 —rPhase 2)(Phase 3
Training S T Tr S T |Tr.s . T.C

100 ~
80 -
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20 -
0 -
(0] 10 16
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-
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= ] Tr Training
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P 20
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1 Transfer Test
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0] 10 20 24
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Tr S . T|fr.§ T C

100 7

0 10 20 29
Sessions

Figure 8. Percentage of correct responses in 64 trials for each
session and phase of Experiment 2.
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sessions to came to criterion on Set 1, and 5 additional sessions to
came to criterion on Set 2. He then scored 48.4% on a session
canprised of all trial types but Set 1, which was presented
accidentally due to a camputer error. Subsequently, he performed from

37.5% to 46.9% on 3 sessions of Set 1 and Set 2 cambined.

Phases 2 and 3

In Phase 2, S11 and S13 demonstrated criterion performance in two
sessions each for training, symmetry and transitivity testing, and the
Phase 3 test.

During debriefing, S10, S11, and S13 identified the conditional
relations between the stimuli. S12 was unable to describe the
conditional relations used and was shown Figure 6. He stated that he
had lumped the sample (fourth-term stimulus) with the fifth-term

stimulus.
Discussion

In the present study, three of four subjects demonstrated
behavior under the control of a six-term contingency, in which four
three-member classes of equivalent stimuli were signalled by the
presence of two contextual stimuli. The function of these contextual
stimuli was signalled, in turn, by the presence of two additional
(sixth-term) stimuli. A four-term matching-to-sample task followed, in
which two further stimuli were related to both of the sixth-term
stimuli, forming two classes of sixth-term stimuli. Finally, the
equivalent stimuli in the sixth-term classes were shown to control the
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six-term matching-to-sample task without having been trained directly
in that function.

This experiment extends empirically Sidman's (1986) analysis of
the hierarchical nature of stimulus-stimulus contingencies to six
terms. The present study also demonstrates that transfer of function
can take place via equivalence at the sixth-term level. Such a finding
is important since it systematically replicates earlier work which used
fourth-term or fifth-term contingencies (e.g., Hayes et al., in press;
ILazar & Kotlarchyk, 1986; Wulfert & Hayes, 1988). Together, all these
studies indicate that the basic findings of equivalence apply at a
number of different levels fram simple matching-to-sample to camplex

Delprato (1987) criticizes the possibility of the infinite
regress of Sidman's formulation. However, how camplex a hierarchy of
stimuli by which human behavior can be controlled is unknown. If there
is a limit, then it should be found. If not, then how such hierarchies
are established and how they function should be studied, in order that
more camplex behavior can be addressed.

Another possible criticism of Sidman's formulation is that the
levels of conditional stimuli do not act independently within a
hierarchy, but are simply stimulus compounds which can be explained
more parsimoniocusly with a three-term model (Delprato, 1987). Two
findings suggest that compounding does not explain the present results.
First is the finding in the present study and in Experiment 1A that a
group of stimuli can be related via equivalence to one of the
contextual stimuli and will came to take on the function of that
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contextual stimulus without training. In Experiment 1A, novel stimuli
were related to the two fifth-term stimuli and transference of the
fifth-term function to the novel stimuli was found. The subjects did
not treat the novel stimuli as third or fourth-term stimuli. Likewise,
in Experiment 2, when novel stimuli were related to the two sixth-term
stimuli, they functioned as sixth-term stimuli. A potential
counterargument is that the screen location constrained the possibility
of the novel stimuli functioning in other roles since they appeared in
the location of the sixth-term stimuli. Iocation of the stimuli as a
controlling factor was not examined, but has been shown to be important
to the development and maintenance of conditional discriminations in
animals (Iversen, Sidman, & Carrigan, 1986).

Second, is the anecdotal evidence provided by S12 in the present
experiment. He reported compounding the third and fourth-term stimuli,
and he failed to learn the task. Examination of the data indicates
that as long as he was presented trial types in which the roles of the
fourth and fifth-term stimli were redln‘darrt he had no difficulty. He
reached a perfect score on both subsets of the conditional
discriminations in five sessions, and scored well above chance on his
first training session on each of the subsets. When he was presented
the combined subsets, in which he had to look at both the fourth and
fifth-term stimuli in order to choose correctly (e.g. if M1 and A1l,
then Bl, but if M1 and A2, then B2), he had great difficulty. This
result suggests that if stimulus compounding does occur, higher-order

conditional relations cannot be learned.
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As in Experiment 1B, the subjects were found to exclude Al and A2
during training (Table 14). Again, performance on symmetry and
transitivity tests did not seem to be affected. Three of the four
subjects did not learn during training to exclude B1-Cl or B2-C2 when
they served as incorrect camparisons together (Table 15). None of the
subjects excluded B1-Cl or B2-C2 during testing. An assumption can be
made that the presence of two constant relations did not affect
equivalence class formation. However, in Experiments 3A, 3B, and 3C of
this dissertation (below), incorrect comparisons are chosen from more

than one class so that any such potential confound is avoided.
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Table 14
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Table 14 (Continued)
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Table 15

Each Possible Cambination of Incorrect
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Table 15 (Continued)

Pairs of Incorrect Camparisons
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Table 15 (Continued)

Pairs of Incorrect Camparisons
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EXPERTMENT 3A

Kennedy and Laitinen (1988) found that most of their subjects
(college students) were not able to learn a five-term matching-to—
sample task. They then tried a different procedure in which the
subjects were taught a four-term matching-to-sample task. The four-
term contingency was then placed under fifth-term control. They
reported that their subjects learned these tasks much more easily than
those subjects taught the fifth-term task from the start. Experiments
1A, 1B, and 2 indicated, contrary to Kennedy and Laitinen, that higher-
order control can be directly established. One purpose of Experiment
3A was to examine how subjects acquire higher-order conditional
discriminations by successively adding levels of control. The other
purpose was to utilize a more camplex task to see whether equivalence
performance is maintained when a larger number of stimuli and more
camplex interactions are used.

In Experiment 3A, three subjects were taught four three-member
stimulus classes. They were then taught to organize the three-member
classes into six-member classes based upon the presence of contextual
stimuli. The subjects were then to be taught to vary the organization
of six-member classes based upon the presence of sixth-term contextual
stimuli. However, subjects did not learn the fifth-term task, so the

sixth-term task was not trained.
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Method

Subjects

Three subjects were recruited fram the introductory psychology
class at Utah State University. All were male, and their ages ranged
fram 18 to 20 years. They were given class points for participation,

and bonus points were given to those who campleted the research.

Apparatus
The apparatus was the same as in prior experiments.

Procedure
General procedures. The same general procedures as in prior

experiments were used. Subjects were first taught the four-term task,
and then the five-term task. Training and testing sessions of the
four-term task lasted for 64 trials. A criterion of at least 61
correct of 64 (95%) for two consecutive sessions was used to determine
when to end a task. On the five-term task, testing sessions lasted for
60 trials. Criterion for Phase 2 testing was two consecutive sessions
of at least 57 of 60 correct. The length of training sessions varied
and is discussed in detail below.

Two to five sessions for a total of 40-50 minutes each day were
conducted two days a week. No feedback was ever given during testing.
Incorrect camparisons were selected fram the other three-member
classes. Stimuli from the same class were never presented as incorrect
camparisons on the same trial. Due to a programming error, A3 was

never present as an incorrect comparison during Test 1.
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Phase 1. The subjects were trained to group 12 stimuli into four
groups of three as illustrated in Figure 9. Eight conditional discrim—
inations were taught and are shown in Table 16. When the criterion was
met, each subject underwent symmetry and transitivity testing. Each
session of testing was comprised of 50% trained relations and 50% test
relations. Symmetry was tested first, followed by transitivity. Generic
trial types for symmetry and transitivity are depicted in Table 16. Upon
campletion of testing, the subjects began Phase 2.

Phase 2. As illustrated in Figure 9, subjects were trained to
cambine two three-member classes into a six-member class in three
different ways depending upon the presence of one of three contextual
stimuli. Generic trial types are shown in Table 17. Group 1 (Al, B1,
Cl) went with Group 2 (A2, B2, C2) when Ml was present. Group 1 went
with Group 3 (A3, B3, C3) when M3 was present, and Group 2 went with
Group 4 (A4, B4, C4) when M4 was present. Subjects were trained to
relate one stimulus fraom one three-member class to one stimulus from the
other three-member class in the presence of a contextual stimulus.
Sessions were 24 trials long, and criterion was at least 22/24 correct
for two consecutive sessions.

Two tests were conducted. In Test A, each potential derived
stimulus relation was tested. For example, the subject was presented
Al-A2, Al1-B2, and A1-C2 in the presence of Ml to see if Al became
related to Group 2. Generic trial types are depicted in Table 18. In
Test B, the relations between the members of the original three-member
classes were retested to see if control had changed. Trial types are

shown in Table 19.
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Table 16

Trial for iments 3A Phase
Training
1. Al 2. Al 3. A2 4, A2

Bl Co—- Co- Cl Co- Co— B2 Co- Co- 2 Co—- Co—-

5. A3 6. A3 7. A4 8. A4

B3 Co- Co- C3 Co- Co- B4 Co- Co— C4 Co—- Co-
Symnetry

1. Bl 2. Ci1 3. B2 4., C2

Al Co- Co- Al Co- Co— A2 Co- Co- A2 Co- Co-

5. B3 6. C3 7. B4 8. C4

A3 Co-Co- A3 Co-Co- A4 Co-Co- A4 Co- Co-
Transitivity

1. Bl 2 €1 3. B2 4. C2

Cl Co- Co- Bl Co- Co- 2 Co- Co- B2 Co—- Co-

5. B3 6. C3 7. B4 8. 4
C3 Co- Co— B3 Co— Co— C4 Co- Co- B4 Co—- Co—-

Co- for trial types 1 ard 2 Co~ for trial types 3 and 4
(A2,B2,C2,A3,B3,C3,A4,B4,C4) (Al1,B1,C1,A3,B3,C3,A4,B4,C4)

Co— for trial types 5 and 6 Co- for trial types 7 and 8
(a1,B1,C1,A2,B2,C2,A4,B4,C4) (A1,B1,C1,A2,B2,C2,A3,B3,C3)
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Trai Trial for iment 3A
Orlglnal Training
1. M1 2. 3. M4
B2 B3 B4
€l Co— Co- Cl Co- Co~ €2 Co~ Co—
(Co- = A3,B3,C3,A4,B4,C4; A3,B3,C3,A4,B4,C4; A3,B3,C3,A4,B4,C4)
1. M1 2. Ml 3. M1 4. M1 5. M1
Al Al A2 A2 B2
Bl Co-Co- C1 Co-Co- B2 Co-Co- @2 Co-Co- Cl Co- Co-
6. M2 7. M2 8. M2 9. M2 10. M2
Al Al A3 A3 B3
Bl Co-Co- Cl Co-Co- B3 Co-Co- C3 Co-Co- Cl1 Co- Co-
11. M3 12. M3 13. M3 14. M3 15. M3
A2 A2 A4 A4 B4
B2 Co-Co- C2 Co-Co- B4 Co-Co- C4 Co-Co- C2 Co- Co-
Revised Training 2
1. M1 2. ML 3. Ml 4. M 5. M
Bl Cl B2 c2 Cl
Al Co-Co- Al Co-Co- A2 Co-Co- A2 Co-Co- B2 Co- Co-
6. M2 7. M2 8. M2 9. M2 10.
Bl cl B3 C3 Cc1
Al Co-Co- Al Co-Co- A3 Co-Co- A3 Co- Co—- B3 Co- Co-
11. M3 12. M3 13. M3 14. M3 15. M3
B2 c2 B4 c4 c2
A2 Co-Co- A2 Co-Co- A4 Co- Co- A4 Co- Co- B4 Co Co—
Trial types 1-5 Trial types 6-10 Trial types 11-
(Co- = A3,B3,C3,A4,B4,C4; A3,B3,C3,A4,B4,C4; A3,B3,C3,A4,B4 C4)
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1. M 2. M 3. Ml 4. M1
Al Al a1 Bl
A2 Co- Co- B2 Co-Co- C2 Co- Co- A2 Co- Co-
5. Ml 6. Ml 7. M 8. Ml
Bl Bl c1 cl
B2 Co- Co- (2 Co- A2 Co- Co- C2 Co- Co-
(Co- = A3,B3,C3,A4,B4,C4)
9. M2 10. M2 1. M2 12. M2
Al Al Al Bl
A3 Co-Co- B3 Co-Co- C3 Co- Co- A3 Co- Co~
13. M2 14. M2 15. M2 15. M2
Bl Bl c1 c1
B3 Co-Co- C3 Co-Co- A3 Co- Co- C3 Co- Co-
(Co- = A3,B3,C3,A4,B4,C4;
17. M3 18. M3 19. M3 20. M3
A2 A2 A2 B2
A Co- Co- B4 Co-Co- C4 Co- Co- A4 Co- Co-
21. M3 22. M3 23. M3 24. M3
B2 B2 c2 c2
B4 Co-Co- C4 Co- Co- A4 Co- Co- C4 Co- Co-
(Co- = A3,B3,C3,A4,B4,C4)
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Table 19

Test B Trial Types for Experiment 3A Phase 2
1. Al 2. Al 3. Al 4. Al
Bl A2 A4 Bl A3 B4 Cl B2 4 Cl B2 A4
5. Bl 6. Bl 7. A2 8. A2
Cl C2 B4 Cl C3 ¢4 B2 Cl1 A3 B2 B4 B3
9. A2 10. A2 11. B2 12. B2
C2 C4 B3 c2 Al C3 C2 Bl A3 C2 A4 C3
13. A3 14. A3 15. B3 16. A4
B3 C1 A2 C3 Al 2 C3 Bl B2 B4 A2 Al

All subjects demonstrated difficulty during training, and a
revised training procedure was used. The original trial types of the
four-term contingency were trained in the presence of the contextual
stimuli, along with the previous three five-term trial types. The
generic trial types are shown in Table 17. This training lasted for 64
trials. Upon completion of this training, the tests were repeated.
S16 received additional training in which the symmetrical counterparts
to the relations in the revised training were presented as well.

Phase 3. The subjects were to have received the training shown
in the last portion of Figure 9 in which sixth-term control would have
been superimposed on the existing relations. However, since none of

the subjects learned the fifth-term task, Phase 3 was not conducted.
Results

Phase 1
Overall accuracy of responding for each subject on each session

is depicted in Figure 10. S14 learned the task in three sessions and
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S15 tock six sessions. S16 had difficulty with arbitrary matching and
took 18 sessions of training to reach criterion. On symmetry testing,
the performance of S14 dropped from 84.4% to 68.8% correct. His scores
on the baseline (trained) relations ranged from 12 to 16 percentage
points lower on than on the symmetry relations. He was then returned
to training. He received 3 sessions of training, on which his scores
ranged from 85.9% to 98.4% correct. He was retested on symmetry. His
score on the training baseline again dropped, this time to 65.6%
correct, and then gradually increased to 100% correct. His symmetry
scores also fluctuated, but not nearly so widely. The range on
symmetry trials was between 90.6% and 100% correct.

S15 also had difficulty during symmetry testing and required
additional training. His performance on trained relations fell to
53.1% correct, while symmetry performance ranged fram 78.1% to 87.5%
correct. After two additional sessions of training, he demonstrated
symmetry in three sessions. S16 demonstrated symmetry upon testing.

S14 took three sessions to meet the criterion on transitivity
testing. His combined score ranged from 93.8% to 100%. S15 performed
poorly on four sessions of transitivity testing. He was given ancther
session of training, and demonstrated criterion on transitivity in
three sessions. S16 took four sessions to reach criterion. He made
only one error on baseline trials, and performance on transitivity

trials increased from 53.1% to 96.8% correct.

Phase 2
S14 took three sessions to reach criterion, and performed at 100%

on the last two sessions. S15 demonstrated performance at criterion on
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the first two sessions. S16 also took three sessions to reach
criterion. On Test A, S14 performed between 19.4% and 26.4% correct.
S15 performed between 30.6% and 36.1%, and S16 performed at 18.1%
correct.

On the revised training, S14 scored 96.7% correct on the first
session, and at 100% for three more sessions. S15 scored 91.7% correct
on his first two sessions, and then increased his score to 100%
correct. The performance of S16 ranged from 91.7% to 100% correct.

Upon return to Test A, S14 scored a 25% correct and then his
scores increased to between 41.7% and 44.4% correct. S15 ranged
between 26.4% and 31.9% correct, while S16 ranged between 19.4% and
20.8% correct. They were then given Test B. S14 performed at 100% on
two sessions of Test B. S15 scored 96.9% correct on the first session
and 100% correct on the second. S16 performed between 68.8% and 76.6%
correct. On the Revised Training 2, S16 gradually increased from 83.3%
to 96.7%. He then scored 23.3% and 25% on two sessions of Test A, and
73.3% and 81.7% on two sessions of Test B.

Table 20 shows how often the subjects responded to members of
each class given the sample and contextual stimulus. Colums one and
two show how subjects responded when they were supposed to cambine
Group 1 and Group 2 together. Column one shows responses when stimuli
from Group 1 were samples, and column two shows responses to the
symmetrical situation when stimuli from Group 2 were samples.

Likewise, colums three and four show responses when stimuli from Group
1 and Group 3 were to be cambined, and columns five and six show

responses when stimuli from Group 2 and Group 4 were to be cambined.
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Table 20

Number of Responses by S14, S15, and S16 to Each Group for Each

Contextual Stimulus in Both Directions*
Test Following Training 1
M1 M2 M3
SA: (Group 1- (Group 2- (Group 1- (Group 3- (Group 2- (Group 4-
Cot: Group 2) Group 1) Group 3) Group 1) Group 4) Group 2)

Group: 2 3 4 1 3 4 3 2 4 1 2 4 4 1 3 2 1 3

S14 4 5 7 6 3 7 5 7 4 8 5 3 11 9 12%*
S15 8 4 4 15 1 0 8 6 2 9 6 1 114 1 7 8 1
S16 7 4 5 7 6 3 310 3 310 3 513 6***]1 6 1

Test Following Revised Training

S14 26 3 3 28 1 3 225 5 29 2 1 114 1 25 5 2
Ss15 17 1 6 19 2 3 613 5 717 0 419 1 1111 2
S16 6 4 6 6 5 5 4 6 6 312 1 4 9 3 310 3

Test Following Revised Training 2

S16 5 7 4 10 5 1 111 4 6 9 1 112 3 5 9 2

* (e.qg., Group 1 as sample and Group 2 as correct camparison and
Group 2 as sample and Group 1 as correct camparison). Number of
responses in each cell (Context by Sample/Camparison by Subject) should
total 16 for Testing after Training 1, and for Testing after Training
2, should total 32 for S14, 24 for S15 and 16 for S16. The first
column for each task gives number of responses to the Group that was
considered correct for that task. The second two columns give the
number of responses to groups that were incorrect

** Due a programming error, S14 did not receive Group 4 - Group
2 trials, and received twice as many Group 2 - Group 4 trials for both
test sessions after Training 1.

**x* S16 experienced the programming on the first test session
after Training 1. S16 had one and one half times as many Group 2 -
Group 4 trials (24 total) than Group 4 - Group 2 trials (8 total).
2, and all reported that they found the task confusing. S14 and S15
both said that there were no right answers to the trials.
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After the first training, no control can be seen for S14 and S15
in any situation. S16 demonstrated a weak tendency to choose stimuli
from Group 1 or Group 2. He tended to relate Group 3 to Group 2 and
Group 4 to Group 1. After the revised training, S14 had a strong
tendency to choose stimuli from Group 1 if any were present, and
stimuli from Group 2 if no stimuli from Group 1 were present. S15 also
demonstrated a strong tendency to choose stimuli fram Group 1 or Group
2, and showed a preference for Group 2 when stimuli from Group 3 were
samples. S16 demonstrated a marked weakening of control by Group 1 and
Group 2. After the additional training, S16 showed same strengthening
of his preference to choose Group 1 or Group 2.

Each subject was debriefed as he finished the experiment. All
three were able to describe the relations taught in Phase 1. None of
the subjects were able to describe the relations of Phase 2, and all
reported that they found the task confusing. S14 and S15 both said

that there were no right answers to the trials.
Discussion

Three subjects learned to group 12 stimuli into four three-member
classes. An attempt to establish control over cambinations of three-
member classes into six-member classes via contextual stimuli was not
effective. Instead the subjects based their responding on familiarity,
or else their responding became randam. All of the subjects tended to
respond mostly to Group 1 stimuli which were present as samples during
two thirds of the training trials. Group 2 stimuli were also more
familiar, and the subjects tended to make more responses to Group 2

than Groups 3 or 4. Group 2 stimuli were also present during two
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thirds of the training trials, one third of the time as samples, and
one third as camparisons. Stimuli fram Groups 3 and 4 were present
half as often as stimuli from Groups 1 and 2. Both groups served as
canparisons on one third of the training trials.

Subjects did not form six-member classes during this experiment.
Tvo possible reasons may serve as explanations. First, three possible
canbinations created too large a change in the enviromment, and the
subjects suffered fram "information overload." Second, the
canbinations overlapped; that is, Group 1 went with Group 2 in one
situation and with Group 3 in ancther situation. Group 2 (already
related to Group 1 in one situation) went with Group 4 in a third
situation. The overlap may have presented an ambiguous situation to
the subjects. ILogically, the contextual stimuli should have separated
the three situations fram each other. However, since the subjects did
not perform according to the experimenter-defined contingencies, the
task may have been contradictory given the subjects' histories.

Camputer problems also plagued the experiment. Frequent program
malfunctions occurred during Phase 1 sessions of S14 ard S15. All of
these malfunctions occurred before or on the first trial of a session,
so none of the malfunctions are shown in Figure 10. The subjects found
the malfunctions distracting. Also, a camputer program error caused
two "correct" camparisons to be shown on the screen during 3-4 trials
each session during the initial phases of symmetry for both S14 and
S15. This may also have led to confusion on the part of the subject.
All problems were corrected before S16 participated, and did not effect

Experiments 3B and 3C.
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These difficulties probably do not seriocusly campramise the
validity of these results. Only the first sessions of symmetry were
directly affected, and later performance on Phase 1 appeared to be very
similar to that of the remaining subjects in Experiments 3A, 3B, and
3C. Also, S16 was entirely unaffected by the prablems, and his

performance differed very little fram that of S14 and S15.
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EXPERTMENT 3B

The purpose of Experiment 3B was to test the hypothesis raised in
Experiment 3A that the overlapping of cambinations created an
ambiguous, and hence difficult to learn situation. The possibility
that three contexts may have been overwhelming as well was also
considered. Three subjects were taught to group 12 stimuli into 4
groups of 3 as in Experiment 3A. They were then taught to group two
three-member classes into six-member classes dependent upon the
presence of a contextual stimulus. Figure 11 illustrates the
experimental design. Only two contextual stimuli were used in the
initial training, M1 and M2. The classes were not overlapped; that is,
Group 1 went with Group 2 and Group 3 went with Group 4. Each group
was used only once.

In the second training, two new contextual stimuli were used.
There was no overlapping within the training; Group 1 went with Group 3
and Group 2 went with Group 4. However, there was overlap between the
two training conditions. When the subjects campleted the second
training, they were tested on all four contextual situations. The
design addressed a number of issues. As there was no overlap within
training conditions, the possibility that overlap was the factor which
led to the difficulties in Experiment 3A is addressed. If the subjects
can learn the task, then overlap could have been a potential cause of
the difficulties. Two contextual stimuli were used in each training to
make the task simpler. However, when two conditions were cambined, the

subjects had four contexts, which is more camplex than in Experiment
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3A. With four contexts, the proposal that information overload may

have contributed to the difficulty in Experiment 3A could be tested.

Methods

Subjects

Three subjects were recruited fram undergraduate classes at Utah
State University. One subject was recruited fram the introductory
psychology class and two were recruited fram the undergraduate
psychology statistics class. They were given class points for
participating, and were given a bonus for campleteing the research.
All three subjects were female, and their ages ranged from 21 to 49

years.

Apparatus
The apparatus was the same as that used in Experiment 3A.

Procedures

Phase 1. The general procedures followed those of Experiment 3A
with a few exceptions which are noted below in the relevant section.
Phase 1 procedures followed those of Experiment 3A with one exception.
S18 received special training on Sessions 6 and 7 in which the trials
were presented in blocks rather than randamly in order to facilitate
training (Saunders & Spradlin, 1989). Eight trials of trial type 1
were presented, then eight trials of trial type 2, and so on (See Table
16, page 84).

Phase 2. During this phase, the four three-member classes were

cambined into six-member classes dependent upon the presence of one of
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four contextual stimuli as illustrated in the second panel of Figure
11. During Training 2, the subjects were taught the sets of relations
controlled by M1 and M2. During Training 3, the subjects were taught
the sets of relations controlled by M3 and M4.

For Training 2, subjects were taught to cambine stimuli from
Group 1 with Group 2 when M1 was present, and to cambine Group 3 with
Group 4 when M2 was present. The revised training method used in Phase
2 of Experiment 3A was used. The previously trained relations (Al-B1,
Al1-Cl, A2-B2, A2-C2) and their symmetrical counterparts were retrained
in the presence of the contextual stimuli, and the two connecting
relations and their symmetrical counterparts (B2-Cl, Cl1-B2, B4-C3, C3-
B4) were also trained. Training sessions lasted for 60 trials, and the
criterion for completion was at least 57/60 correct for two consecutive
sessions. Trial types for training appear in Table 21.

When training was caomplete, the subjects were tested on all
possible relations within the two potential six-member classes (Test
A). The two trained relations for each six-member class that connected
the two three-member classes were also tested. Of the 18 possible
relations that could have been derived fram training for each six-
member class, 2 were trained, and 16 were not. Trial types are shown
in Table 22. Sessions for Test A were 72 trials long, ard the
criterion was two consecutive sessions of at least 68/72 correct. No
feedback was ever given during testing. After testing, the subjects
proceeded to the second training condition.

During Training 3, the subjects were taught to relate stimuli

fram Group 1 with stimuli from Group 3 in the presence of M3, and to



Table 21

Training Trial Types for Experiment 3B Phase 2
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Training 2
1. ML 2. M 3. M1 4. Ml 5. Ml
Al Al A2 A2 B2
Bl Co- Cl Co-Co- B2 Co-Co- @22 Co-Co- Cl1 Co- Co-
6. Ml 7. ML 8. Ml 9. Ml 10. M1
Bl Cl B2 2 cl
Al Co- Al Co-Co- A2 Co-Co- A2 Co- Co- B2 Co—- Co-
(Co- = A3, B3, C3, A4, B4, C4)
11. M2 12. M2 13. M2 14. M2 15. M2
A3 A3 A4 Ad B4
B3 Co- C3 Co-Co- B4 Co-Co- C4 Co~ Co- C3 Co- Co-
l16. M2 17. M2 18. M2 19. M2 20. M2
B3 c3 B4 C4 c3
A3 Co- A3 Co- Co- A4 Co- Co- A4 Co- Co- B4 Co- Co—
(Co- = Al, Bl, C1, A2, B2, C2)
Training 3
1. M3 2. M3 3. M3 4. M3 5. M3
Al Al A3 A3 B3
Bl Co—- Cl Co-Co- B3 Co-Co- C3 Co-Co- Cl1 Co- Co-
6. M3 7. M3 8. M3 9. M3 10. M3
Bl Cl B3 c3 Cl
Al Co— Al Co- Co- A3 Co- Co- A3 Co- Co- B3 Co— Co—
(Co- = A2, B2, C2, A4, B4, C4)
11. M4 12. M4 13. M4 14. M4 15. M4
A2 A2 A4 A4 B4
B2 Co- C2 Co-Co- B4 Co-Co- C4 Co-Co- 2 Co- Co-
16. M4 17. M4 18. M4 19. M4 20. M4
B2 2 B4 c4 (67
A2 Co- A2 Co-Co- A4 Co-Co- A4 Co- Co- B4 Co- Co—
(Co- = A1, B1, C1, A3, B3, C3)



Table 22

Test A Trial Types for Experiment 3B Phase 2

1. M1

Al

A2 Co- Co—- B2 Co- Co~ C2 Co~ Co— A2 Co—- Co~ B2 Co~ Co— 2

100

6. M1

Bl

Co—- Co—

7. M1

C1

A2 Co—- Co—- B2 Co- Co- C2 Co— Co— Al Co—~ Co—~ Al Co— Co— Al

M1

Co- Co—-

3. M1

A2

Bl Co~- Co— Bl Co~ Co~ Bl Co~ Co— C1 Co~ Co~ Cl1l Co~ Co- C1

(Co- = A3, B3, C3, A4, B4, C4)

Ml

Co—- Co-

19. M2

A3

A4 Co- Co—- B4 Co— Co— C4 Co— Co— A4 Co— Co— B4 Co—- Co—- C4

25. M2

c3

A4 Co—- Co— B4 Co— Co— C4 Co— Co— A3 Co- Co— A3 Co—- Co— A3

31. M2

A4

B3 Co- Co—- B3 Co~ Co- B3 Co~ Co— C3 Co~ Co— C3 Co— Co— C3

(Co- = A1, B1, C1, A2, B2, Q2)

Co—- Co—
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relate Group 2 to Group 4 when M4 was present. The same training
approach as used in Training 2 was used. Trial types are depicted in
Table 21. When training reached criterion, testing was begun.

S17 was tested on all possible relations under all four contexts
(Test AB). Test AB was camprised of all the trial types used in Test A
and Test B. Due to her difficulty, a test (Test B) which examined
only the relations possible fram Training 3 was presented to the
remaining subjects immediately after Training 3. Trial types for Test
B are depicted in Table 23. Upon campletion of Test B, all subjects
were then given Test AB. Testing sessions were again 72 trials long,
and had the same criterion as Test A.

Phase 3. S18 was taught a sixth-term contingency which is
illustrated in the last panel of Figure 11. When X1 was present, then
the fifth-term contingency learned in Phase 2 held. When X2 was
present, relations learned in the two different training conditions
were flip-flopped. For example, Group 1 and Group 3 went together when
Ml was present, instead of Group 1 and Group 2 as before. Training
sessions were 80 trials long because of the large number of relations
to train. Trial types are shown in Table 24.

Test 1 of Phase 3 tested the possible derived relations when X1
was present. Relations were tested in only one direction; that is,
symmetrical relations were not tested. Without the symmetrical
relations, 36 relations were tested. If the symmetrical relations had
been included, 72 different relations would have been tested each
session. Testing would have became extremely long and tediocus.



Table 23

Test B Trial for iment 3B Phase

1. M3

A3 Co—- Co— B3

Co- Co—~ C3 Co~ Co— A3 Co—- Co~ B3 Co— Co—- C3

102

6. M3

Bl

Co— Co—

Cl

A3 Co- Co—- B3

Co- Co—- C3 Co~ Co— Al Co~ Co- Al Co- Co— Al

M3

Co—~ Co~

13. 13

Bl Co- Co- Bl

Co- Co—~ Bl Co- Co~ Cl1 Co~ Co~- Cl1 Co~ Co- C1

(Co—- = A1, Bl1l, C1, A3, B3, C3)

M3

Co- Co—

19. M4

A4 Co—- Co— B4

Co—- Co~ C4 Co—~ Co—~ A4 Co— Co~ B4 Co— Co— C4

25. M4

A4 Co—- Co— B4

Co- Co— C4 Co— Co—- A2 Co- Co—- A2 Co— Co— A2

31. M4

Ad

B2 Co- Co— B2

Co- Co— B2 Co- Co— C2 Co— Co—- C2 Co- Co— C2

(Co- = A2, B2, C2, A4, B4, C4)

Co—- Co—
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Table 24

for 3B Phase 3

4 Trial

Trai

RE &

30'

X2 X2
M2 M2
A4 Ad

X2
M2
A2

(Co- = A1, Bl, Cl, A3, B3, C3)

29.
C2 Co-Co- B4 Co-Co- C4 Co- Co- 2 Co Co-

22.

Co-

26. X2
M2
A2
B2 Co-
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Test 2 tested 50% of the possible derived relations when X2 was
present. Again, symmetrical relations were not tested. Testing
sessions were 72 trials lang. No trained relations were presented, and
no feedback was given. Trial types for Test 1 are shown in Table 25,

and trial types for Test 2 are shown in Table 26.

Results

Phase 1

Figure 12 illustrates overall performance for each subject each
session. S17 and S19 each learned the initial training in 7 sessions.
After 5 sessions of random performance (29.7% to 37.5% correct, chance
= 33.3% correct), S18 was given two sessions of training in which the
trial types were presented in blocks. Her performance increased from
60.9% to 85.9% correct. When normal training resumed, her performance
dropped at first to 73.4% correct and then rose to 100% correct. All
three subjects demonstrated symmetry upon testing. S17 and S18
demonstrated transitivity upon testing, while S19 took three sessions

to reach criterion.

Phase 2

All three subjects took three sessions to learn the Training 2
task. S17 took six sessions to reach criterion on Test A. A
programming error caused the wrong stimuli to be presented as incorrect
camparisons on the first four sessions of Test A. Her scores ranged
from 58.3% to 65.3% correct for those four sessions and then increased
to 100% correct. S18 took three sessions to reach criterion, and S19

demonstrated criterion performance upon testing.
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Table 25
Test 1 Trial Types for Experiment 3B Phase 3

1. X1 2. X1 3. X1 4. X1 5. X1 6. X1
M1l Ml M1 Ml Ml Ml
A2 A2 A2 B2 B2 B2
Al Co— Co— Bl Co—~ Co— Cl1l Co— Co—- Al Co~ Co— Bl Co~ Co— Cl Co—- Co—
7. X1 8. X1 9. X1 10. X1 11. X1 12. X1
Ml M1 Ml M2 M2 M2
2 c2 c2 A4 A4 A4
Al Co- Co—- Bl Co- Co- Cl Co~ Co~ A3 Co—- Co- B3 Co~ Co—- C3 Co— Co—
13, X1 14. X1 15. X1 l6. X1 17. X1 18. X1
M2 M2 M2 M2 M2 M2
B4 B4 B4 c4 Cc4 C4
A3 Co- Co—~ B3 Co- Co~ C3 Co~ Co~ A3 Co~ Co~ B3 Co- Co~ C3 Co~ Co~-
19. X1 20. X1 21. X1 22. X1 23. X1 24. X1
M3 M3 M3 M3 M3 M3
A3 A3 A3 B3 B3 B3
Al Co— Co—~ Bl Co— Co— Cl Co— Co— Al Co—- Co— Bl Co— Co— Cl Co— Co—
25. X1 26. X1 27« X1 28. X1 29, X1 30. X1
M3 M3 M3 M4 M4 M4
c3 c3 c3 A4 A4 A4
Al Co—- Co— Bl Co- Co— Cl1l Co— Co— A2 Co—~ Co— B2 Co- Co— C2 Co— Co—
31. X1 32. X1 33. X1 34. X1 35. X1 36. X1
M4 M4 M4 M4 M4 M4
B4 B4 B4 C4 c4 Cc4
A2 Co— Co— B2 Co- Co—- C2 Co~ Co— A2 Co- Co— B2 Co- Co—- C2 Co— Co-
(Co—- for trial types 1- 9 = A3, B3, C3, A4, B4, C4
(Co- for trial types 10-18 = Al, Bl, C1, A2, B2, C2
(Co~- for trial types 19-27 = A2, B2, C2, A4, B4, C4
(Co- for trial types 28-36 = Al, Bl, Cl1, A3, B3, C3
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Table 26
Test 2 Trial Types for Experiment 3B Phase 3

1. X2 2. X2 3. X2 4. X2 5. X2 6. X2
Ml Ml Ml M1 Ml Ml
A3 A3 A3 B3 B3 B3
Al Co- Co— Bl Co- Co—~ Cl1l Co— Co— Al Co—~ Co— Bl Co— Co— Cl1 Co—- Co-
To X2 8. X2 9. X2 10. X2 11. X2 12. X2
M1 M1 M1 M2 M2 M2
3 c3 c3 A4 A4 A4
Al Co- Co—- Bl Co— Co— C1l Co— Co— A2 Co—~ Co—- A2 Co— Co— A2 Co- Co-
13. X2 14. X2 15. X2 16. X2 17. X2 18. X2
M2 M2 M2 M2 M2 M2
B4 B4 B4 c4 4 c4
B2 Co- Co— B2 Co- Co—- B2 Co~ Co- C2 Co~ Co— C2 Co- Co— C2 Co— Co~-
19. X2 20. X2 21. X2 22. X2 23. X2 24. X2
M3 M3 M3 M3 M3 M3
A2 A2 A2 B2 B2 B2
Al Co~ Co— Bl Co- Co—- Cl Co~ Co- Al Co—~ Co~ Bl Co~ Co- Cl Co—~ Co—
25. X2 26. X2 27. X2 28. X2 29. X2 30. X2
M3 M3 M3 M4 M4 M4
c2 c2 2 A4 A4 A4
Al Co— Co— Bl Co—~ Co— Cl Co— Co— A3 Co—- Co— B3 Co— Co— C3 Co—- Co—
31. X2 32. X2 33. X2 34. X2 35. X2 36. X2
M4 M4 M4 M4 M4 M4
B4 B4 B4 c4 (o7} c4
A3 Co—~ Co— B3 Co- Co—- C3 Co- Co— A3 Co— Co— B3 Co- Co— C3 Co— Co—
(Co- for trial types 1- 9 = A2, B2, C2, A4, B4, ¢4
(Co—- for trial types 10-18 = Al, Bl, C1, A3, B3, C3
(Co- for trial types 19-27 = A3, B3, C3, A4, B4, ¢4
(Co— for trial types 28-36 = Al, Bl, C1, A2, B2, C2
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Fiqure 12. Percentage of correct responses for each session and phase
of Experiment 3B.



108

S17 took six sessions to reach criterion on Training 3. Her
scores increased gradually from 68.3% to 100% correct. S18 gradually
increased her scores fram 83.3% to 100% correct over five sessions.

S19 took four sessions, and her performance ranged from 75% to 100%
correct. S18 demonstrated criterion on Test B upon testing, and took
three sessions to reach criterion on Test AB.

S17 received Test AB first. Her performance on Test A relations
was only 69.4% correct, and Test B performance was 0. Two sessions
each of Training 2 and Training 3 were conducted and performance was
always above 90% correct. On another session of Test AB, her
performance on Test A relations dropped to 66.7% correct, but
performance on Test B relations increased to 30.6% correct. Two
additional sessions of Training 3 were conducted. Her scores increased
fram 85% to 100% correct. Single sessions of Test B and Test A
alternated until she could perform at above 95% on the first session
after an alternation. She scored 100% correct on her last session of
both Test A and Test B. She then toock 5 sessions to reach criterion on
Test AB.

S19 scored poorly on Test B with 9.7% correct. Two further
sessions of Training 3 were conducted, and she performed at 91.7% and
98.3% correct. Two additional sessions of Test B were conducted, and
S19 performed between 36.1% and 23.6% correct. On the cambined test
(Test AB) she performed nearly perfectly on Test A relations and nearly

zero on Test B relations.



109
Phase 3

After six sessions of Training 4, S18 performed consistently on
the relations within each three-member class (e.g., X1-M1-Al-Bl or X1-
M1-A1-Cl), but had difficulty on those relations which connected two
three-member classes (e.g., X1-M1-B2-Cl or X1-M2-B4-C3). Four 80 trial
sessions of only the four connecting relations (numbers 5,10, 15, and
20 in Table 24) were presented on sessions 37-40. When her performance
on the four relations reached 100% correct, training with all trials
was presented on sessions 41 and 42, and she performed at criterion.
S18 took three sessions to reach criterion on Test 1 and demonstrated
criterion on Test 2 upon testing.

At the debriefing, each of the three subjects was able to
verbally describe the relations taught in Phase 1; that is, each stated
that they learned to group stimuli into four groups of three. None of
the three could accurately describe the relations in Phase 2 or 3, but
when given a list of the stimuli, could indicate how they went
together. They did say that the contextual stimuli changed how things
went together, but could not describe how without the stimulus list.
S19 said she knew that Test B involved reversing the contingencies in
same way, but that the task took too much work, so she just responded
as she had for Test A. Examination of the results indicated that her
verbal behavior was accurate. The correct responses on the last two

sessions of Test B were almost all on the trained relations.
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Discussion

Three subjects were trained to establish four three-member
classes. They were then taught to cambine three-member classes into
six-member classes based upon the presence of a contextual stimulus.
Further, one subject learned a task in which the contextual task was
brought under sixth-term stimulus control. The study demonstrates that
larger, more camplex classes can be established via stimulus
equivalence.

The three subjects had much less difficulty with the task in
Phase 1 than did the subjects in Experiment 3A, which indicates that
the procedures are sound. The difficulties of the acquisition of Phase
1 in Experiment 3A were praobably due to difficulties with the camputer
programs mentioned in Experiment 3A.

All three subjects were able to learn to cambine two three-member
classes into six-member classes dependent upon contextual control
during Training 1, and two of the three subjects were able to do so
during Training 2 of Phase 2. One subject also campleted Phase 3, in
which sixth-term control over the connecting classes was established.
These results indicate that the overlapping classes may have
contributed to the problems in Experiment 3A, since no overlap was
present within each training task.

However, overlap was present between training tasks. One
subject, S19, did not learn to generalize Training 3 to the test
relations. S19 was the eldest subject, and claimed that when she was

younger, she could deal with the large amount of information involved
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in remembering all the relations (120 in both parts of Phase 3).
However, to do so at her age (49) was very difficult, she said. The
small amount of class points available were clearly not enough to
motivate her performance. The idea of information overload seems to be
supported by her verbal behavior.

All subjects learned the second set of trained contextual
relations (Training 2), although they did take longer than for the
first (Training 1). This finding weakens the position that overlap was
a causal factor in the previous experiment. However, the subjects may
have learned the new, overlapping relations because they were trained
in campletely separate sessions. The longer training times and the
difficulties of S17 and S19 seem to bear this idea out. S17 had great
difficulty with Test AB, which was a combined test of Test A and Test
B. After she had been separately tested on Test B, and had experience
alternating sessions of Test A and Test B, she was able to do Test AB.

A number of questions remain that preclude a clear answer to the
difficulties of Experiment 3A. Perhaps separating the two sets of
contexts was enough to allow learning, but the results of Experiment 3B
may also have been due to having only two contexts at a time. Having
four contextual stimuli overall weakens that notion, but the idea of
overlap is still not clearly supported.

In order to save time and subject fatigue not all possible
derived relations were examined in Test A. Fifty percent of the
possible relations were tested, including symmetrical and transitive
relations. Test A examined half of the relations between two three

member classes while in a six-member class. Same were transitive
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relations (e.g., for X1-Ml: A2-Al, A2-Bl, A2—Cl, and B2-Al, B2-Bl), and
same were equivalence relations (e.g., for X1-Ml: C2-Al, C2-Bl, C2-Cl).
Since transitive relations were present, by the axiams, symmetry must
have been present, and therefore equivalence classes developed (Fields

et al., 1984; Sidman & Tailby, 1982).
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EXPERTMENT 3C

Experiment 3B demonstrated that the larger stimilus classes could
be controlled contextually and that a large mmber of relations (72 not
counting symmetrical relations) could be learned and maintained.
However, the nature of the factors which led to the difficulties of
Experiment 3A still has not been made clear. Experiment 3C addresses
the issue of whether camplexity or overlapping produced the
difficulties. Two contextual stimuli were again established in each of
two training conditions, and class overlap within a training condition
was programmed. If the subjects learned the tasks then the difficulty
in Experiment 3A could be said to be due to the mmber of contextual
stimuli, and if the subjects did not learn the tasks then the
difficulties could be said to be due to overlap.

Three subjects were taught to group 12 stimuli into 4 groups of
three. They were then taught to cambine three-member classes into six-
member classes based upon the presence of a contextual stimulus as
illustrated in Figure 13. When Ml was present, Group 1 and Group 2
went together. Group 1 and Group 3 went together when M2 was present.
Group 2 and Group 4 went together when M3 was present, and when M4 was
present, Group 1 and Group 4 went together. Tests were conducted to
examine whether six-member classes were formed under the control of

higher-order stimuli.
Method

Subjects
Three subjects were recruited from undergraduate psychology
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classes at Utah State University. Two subjects were recruited from the
psychology statistics class, and one was recruited from the human
adjustment course. Two subjects were females aged 21 and 29, and one
subject was a male aged 30. They were given class points for

participation, and received a borus for campleting the research.

Apparatus
The apparatus was the same as that used for Experiment 3A.

Procedures

Phase 1. The same general procedures as followed in Experiment
3B were used. Phase 1 procedures directly replicated those in
Experiment 3B.

Phase 2. In Training 2, the subjects were trained to relate
stimuli from Group 1 to stimuli in Group 2 in the presence of M1, and
to relate Group 1 to Group 3 in the presence of M2. Training trial
types are depicted in Table 27. Test A then appraised the existence of
derived relaticns. All possible connections between the two groups
were examined, including those which were trained. Trial types are
shown in Table 28. Tests were conducted until criterion was reached,
or for four sessions if performance remained below criterion, and no
improvement was evident.

In Training 3, the subjects learned to connect Group 2 with Group
4 when M3 was present, and to connect Group 1 with Group 4 when M4 was
present. Training trial types are shown in Table 27. Test B examined
whether a six-member class was formed under the control of each of the

two contextual stimuli. Trial types are shown in Table 29. One
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Trai Trial for iment 3C Phase 2
Training 2
1. M 2. M1 3. M 4. Ml 5. Ml
Al Al A2 A2 B2
Bl Co-Co- Cl Co-Co- B2 Co-Co- @R Co~- Co- Cl1 Co- Co—
6. Ml 7. M1 8. Ml 9. Ml 10. M1
Bl Cl B2 c2 cl
Al Co-Co- Al Co-Co- A2 Co- Co- A2 Co- Co- B2 Co- Co—-
(Co- = A3, B3, C3, A4, B4, C4)
11. M2 12. M2 13. M2 14. M2 15. M2
Al Al A3 A3 B3
Bl Co-Co- Cl1 Co-Co- B3 Co-Co- C3 Co-Co- Cl Co- Co~
16. M2 17. M2 18. M2 18. M2 20. M2
Bl Cl B3 c3 Ccl
Al Co-Co- Al Co-Co~- A3 Co-Co- A3 Co- Co- B3 Co— Co-
(Co- = A2, B2, C2, A4, B4, C4)
Training 3.
1. M3 2. M3 3. M3 4. M3 5. M3
A2 A2 A4 A4 B4
B2 Co-Co- C2 Co-Co- B4 Co-Co- C4 Co- Co- C2 Co- Co—
6. M3 7. M3 8. M3 9. M3 10. M3
B2 c2 B4 c4 c2
A2 Co-Co- A2 Co-Co- A4 Co- Co- A4 Co—- Co- B4 Co— Co—-
(Co- = A1, Bl1l, C1, A3, B3, C3)
11. M4 12. M4 13. M4 14. M4 15. M4
Al Al A4 A4 B4
Bl Co-Co- Cl1 Co-Co- B4 Co-Co- C4 Co-Co- Cl1 Co- Co
16. M4 17. M4 18. M4 19. M4 20. M4
Bl ¢l B4 C4 Cl
Al Co-Co- Al Co-Co- A4 Co-Co- A4 Co- Co- B4 Co- Co-
(Co- = A2, B2, C2, A3, B3, C3)
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Test A Trial Types for Experiment 3C Phase 2
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1. M1 2. M1 3. M1 4. M1 5. ML 6. M1

Al Al Al Bl Bl Bl
A2 Co- Co- B2 Co- Co~ C2 Co- Co~ A2 Co- Co— B2 Co- Co- C2 Co- Co-
7. M1 8. M1 9. M1 10. M1 11. M1 12. M1

c1 el c1 A2 B2 c2
A2 Co- Co- B2 Co- Co- C2 Co- Co- Al Co- Co— Al Co- Co- Al Co- Co-
13. M1 14. M1 15. M1 16. M1 17. M1 18. M1

A2 B2 c2 A2 B2 c2
Bl Co- Co- Bl Co- Co- Bl Co- Co- Cl Co- Co- Cl Co- Co- Cl Co- Co-

(Co- = A3, B3, C3, A4, B4, C4)

19. M2 20. M2 21. M2 22. M2 23. M2 24. M2

al al Al Bl Bl Bl
A3 Co- Co- B3 Co- Co- C3 Co- Co- A3 Co- Co- B3 Co- Co~ C3 Co- Co—
25. M2 26. M2 27. M2 28. M2 29. M2 30. M2

c1 c1 c1 A3 B3 c3
A3 Co~ Co- B3 Co- Co- C3 Co- Co- Al Co~ Co- Al Co~ Co- Al Co- Co-
31. M2 32. M2 33. M2 34. M2 35. M2 36. M2

A3 B3 c3 A3 B3 c3
Bl Co- Co- Bl Co- Co- Bl Co- Co- Cl Co- Co- Cl Co- Co- C1l Co- Co-

(Co- = A2, B2, C2, A4, B4, C4)
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Test B Trial Types for Experiment 3C Phase 2

1. m3 2.

A4 Co—- Co— B4

M3 3. M3 4. M3 5. @3 6. M3

A2 A2 B2 B2 B2

Co—- Co~ C4 Co- Co~ A4 Co~ Co- B4 Co— Co— C4 Co- Co—-

7. M3 8.

A4 Co—- Co— B4

M3 9. M3 10. M3 11. M3 12. M3

c2 c2 A2 B2 c2

Co—- Co— C4 Co— Co— A4 Co— Co—- A4 Co—- Co— A4 Co— Co-

13. M3 14. M3 15. M3 16. M3 17. M3 18. M3
A2 B2 c2 A2 B2 (6]
B4 Co~ Co- B4 Co— Co~ B4 Co~ Co- C4 Co— Co—- C4 Co- Co—- C4 Co- Co-
(Co- = A1, B1, C1, A3, B3, C3)
19. M4 20. M4 21. M4 22. M4 23. M4 24. M4
Al Al Al Bl Bl Bl
A4 Co— Co— B4 Co—- Co- C4 Co— Co— A4 Co— Co— B4 Co- Co—- C4 Co- Co—
25. M4 26. M4 27. M4 28. M4 29. M4 30. M4
cl Cl Cl A4 B4 C4
A4 Co—- Co~ B4 Co—- Co- C4 Co— Co- Al Co~ Co— Al Co— Co— Al Co- Co—
31. M4 32. M4 33. M 34. M4 35. M4 36. M4
A4 B4 C4 A4 B4 C4
Bl Co- Co~ Bl Co- Co—~ Bl Co~ Co- C1l Co- Co- C1l Co—- Co— C1l Co- Co—-

(Co- = A2, B2, C2, A3, B3, C3)
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subject (S22) also received cambined testing (AB) in which all four
contextual stimuli were present in each sessian. S20 and S21 also
participated in two sessions of Test B in which 50% of the trials were
a baseline of Training 3 trials. No feedback was given on any trials.

Phase 3. One subject campleted Phase 2 and participated in Phase
3. In the presence of one of two sixth-term stimuli, the subject was
taught to group the three-member classes into six-member classes
dependent on the nature of the sixth-term and fifth-term stimuli. The
task is depicted in Figure 13. When X1 was present as a sixth-term
stimulus, the contingencies taught in Phase 2 remained the same.
However, when X2 was present, the groupings were altered. Group 2 went
with Group 4 when Ml was present. Group 1 went with Group 4 when M2
was present. Groups 1 ard 2 went together when M3 was present, ard
Groups 1 and 3 went together when M4 was present. Trial types are
depicted in Table 30. Symmetrical relations were not trained.

Upon campletion of training, tests were administered to test for
the existence of six-member classes controlled by the higher-order
stimuli. Test 1 examined those relations under the control of X1, and
Test 2 examined those under the control of X2. In both tests, the
possible derived relations were tested in one direction only. That is,
if the relation A2-A4 was tested (in the presence of the appropriate
higher-order stimuli), then its symmetrical counterpart A4-A2 was not.
The symmetrical relations were amitted because of the restrictive
number of relations to be tested and the finite capacity of subjects'
patience. Individual trial types for Test 1 are depicted in Table 31,

and individual trial types for Test 2 are depicted in Table 32.



120

Table 30

iment 3C Phase
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Table 31

Test 1 Trial Types for Experiment 3C Phase 3
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1. X1 2. X1 3. X1 4, X1 5. X1 6. X1

M1 Ml Ml Ml Ml Ml

A2 A2 A2 B2 B2 B2
Al Co~ Co— Bl Co—- Co— Cl Co- Co—~ Al Co— Co— Bl Co— Co—- Cl Co— Co—
7. X1 8. X1 9. X1 10. X1 11, X1 12. X1

M1 Ml Ml Ml M1 Ml

c2 2 c2 A3 A3 A3
Al Co~ Co~ Bl Co- Co—~ C1 Co— Co—~ Al Co— Co— Bl Co—~ Co— Cl1l Co—- Co—
13. X1 14. X1 15. X1 16. X1 17. X1 18. X1

Ml Ml Ml Ml Ml Ml

B3 B3 B3 c3 Cc3 c3
Al Co~ Co—- Bl Co~ Co~ C1 Co- Co~ Al Co—- Co— Bl Co—- Co—- Cl Co- Co—-
19. X1 20. X1 21, X1 22. X1 23. X1 24. X1

M3 M3 M3 M3 M3 M3

A4 A4 A4 B4 B4 B4
A2 Co~ Co- B2 Co~ Co— C2 Co—~ Co—~ A2 Co~ Co— B2 Co- Co—- 2 Co—- Co—
25. X1 26. X1 27. X1 28. X1 29. X1 30. X1

M3 M3 M3 M4 M4 M4

Cc4 C4 c4 A4 A4 A4
A2 Co~ Co— B2 Co~ Co- C2 Co— Co— Al Co—- Co— Bl Co—- Co— Cl1l Co- Co-
31. X1 32. X1 33. X1 34. X1 35. X1 36. X1

M4 M4 M4 M4 M4 M4

B4 B4 B4 C4 C4 Cc4
Al Co~ Co—- Bl Co~ Co- C1 Co— Co— Al Co— Co— Bl Co— Co— Cl Co—- Co—

(Co— for trial types 1-
(Co—- for trial types 10-1
(Co- for trial types 19-2
(Co—- for trial types 28-3

9
8
7
6
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Test 2 Trial Types for Experiment 3C Phase 3
X2 2. X2 3. X2 4. X2 5. X2 6. X2
Ml M1 M1 Ml Ml M1l
A4 A4 A4 B4 B4 B4
Co— Co- B2 Co- Co- C2 Co~ Co— A2 Co- Co- B2 Co—~ Co—- C2 Co—~ Co—
X2 8. X2 9. X2 10. X2 11. X2 12. X2
M1 Ml Ml M2 M2 M2
c4 C4 c4 A4 A4 A4
Co— Co- B2 Co—- Co- C2 Co—- Co— Al Co— Co—- Al Co—~ Co— Al Co— Co—
. X2 14. X2 15. X2 16. X2 17. X2 18. X2
M2 M2 M2 M2 M2 M2
B4 B4 B4 Cc4 c4 4
Co—- Co— Bl Co- Co— Bl Co- Co— Cl Co~ Co—- C1 Co- Co~ C1 Co- Co~
s X2 20. X2 21. X2 22. X2 23. X2 24. X2
M3 M3 M3 M3 M3 M3
A2 A2 A2 B2 B2 B2
Co- Co—- Bl Co- Co— Cl1 Co- Co— Al Co~ Co- Bl Co- Co~ C1 Co- Co~
X2 26. X2 27. X2 28. X2 29. X2 30. X2
M3 M3 M3 M4 M4 M4
c2 c2 c2 A3 A3 A3
Co—- Co—- Bl Co—- Co~- C1 Co~ Co— A3 Co—- Co—- B3 Co—~ Co—- C3 Co- Co—-
X2 32. X2 33. X2 34. X2 35. X2 36. X2
M4 M4 M4 M4 M4 M4
B3 B3 B3 c3 c3 c3
Co~- Co—- Bl Co~ Co~ Cl1 Co~ Co— Al Co- Co—- Bl Co—- Co—- Cl1l Co— Co-

(Co~ for trial types 1- 9 = Al, B1,
(Co- for trial types 10-18 = A2, B2
(Co- for trial types 19-27 = A3, B3
(Co- for trial types 28-36 = A2, B2

-

3342
R R B
RR30
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Results

Phase 1

Figure 14 illustrates overall performance on each session for
each subject. S20 learned the task in eight sessions. His performance
steadily increased fram 37.5% to 100% correct. S21 learned the task in
four sessions, and S22 learned the task in three. S20 demonstrated
symmetry in three sessions. S21 and S22 both demonstrated symmetry
upon testing. S21 took three sessions to reach criterion on
transitivity, while S20 and S22 both demonstrated transitivity upon

testing.

Phase 2

S20 took five sessions to reach criterion on the training task.
His performance dropped after one session of 95% accuracy, and then
increased to 100%. S21 took six sessions to reach criterion. S22
reached criterion in two sessions. On four sessions of Test A, S20
scored between 41.7% and 65.3% correct. S21 ranged between 34.7% and
59.7% correct on Test A. S22 demonstrated criterion performance on
Test A upon testing.

A closer look at the performance of S20 and S21 indicates that
their responding was controlled to same degree by familiarity (see
Table 33). S20 had a marked tendency to choose stimuli fram Group 1
and Group 2 together regardless of the contextual stimulus present.
When M1 was present, he chose stimuli fram Group 2 given stimuli from
Group 1 65 times of 72, and chose stimuli fram Group 1 45 of 72 times

when stimuli fram Group 2 served as the sample. When M2 was present,
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EXPERIMENT 3C
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Table 33

Number of Responses by S20 and S21 to Each Group for Each Contextual
Stimilus in Both Directions

Test A
M1 M2
(Group 1- (Group 2- (Group 1- (Group 3-
Group 2) Group 1) Group 3) Group 1)

Group: 2 3 4 1 3 4 3 2 4 1 2 4

S20 65 5 2 45 22 5 14 49 9 23 29 20
S21 28 29 15 37 22 13 27 29 16 35 26 11

Test B
M3 M4
(Group 2- (Group 4- (Group 1- (Group 4-
Group 4) Group 2) Group 4) Group 1)
Group: 4 1 3 2 1 3 4 2 3 1 2 3

S20 25 46 1 13 58 1 41 25 6 44 26 2
S21 26 41 5 29 39 4 46 24 2 48 21 3

Test B with Baseline

(Group 2- " (Group 4- (Group 1- .- (Group 4-
Group 4) Group 2) Group 4) Group 1)
Group: 4 1 3 2 1 3 4 2 3 1 2 3
S20 15 21 0 10 26 0 9 27 0 20 16 0
s21 14 18 4 4 29 3 27 9 O 30 5 1

* (e.g., Group 1 as sample and Group 2 as correct camparison and
Group 2 as sample and Group 1 as correct camparison). Number of
responses in each cell (Context by Sample/Camparison by Subject) should
total 72 for Test A and Test B, and should total 36 for Test B with
baseline. The first column for each task gives number of responses to
the Group that was considered correct for that task. The second two
colums give the number of responses to groups that were incorrect.
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he still related Group 2 to Group 1 49 of 72 times, and when stimuli
fram Group 3 served as samples, his behavior was close to randam.

S21 demonstrated a slight tendency to choose stimuli fram Group
1, 37/72 when Ml was present, and 35/72 when M2 was present. She also
had a tendency to respond away fram stimuli fram Group 4, which never
served as correct camparisons. She typically chose Group 4 stimuli one
half to one third as often as stimuli fram the other groups.

On Training 3, S20 took five sessions to reach criterion. His
scores ranged from 73.3% to 95% correct. S21 and S22 both reached
criterion on Training 3 in two sessions. S22 demonstrated criterion
performance on Test B upon testing. S20 scored between 30.6% and 54.2%
correct on Test B. He received three additional sessions of Training
3. His performance dropped to 86.7% correct on the first session, and
increased to 95% correct. On four sessions of Test B with baseline
added, he scored between 68.2% and 88.6% correct on the training
baseline trials and between 25% and 43.8% correct on the Test B trials.
S21 scored between 45.8% and 58.3% correct on Test B. Her performance
was at 95% on a session of Training 3. She performed between 79.5% and
84.1% correct on baseline trials and between 43.8% and 59.4% correct an
four sessions of Test B with baseline.

Number of responses to each Group for Test B and Test B with
baseline for S20 and S21 are depicted in Table 33. Both subjects again
demonstrated a marked tendency to choose stimuli from Groups 1 or 2
regardless of the contextual stimulus. When stimuli fram Group 2 were
samples and Group 4 were correct camparisons, S20 chose Group 1 stimuli
46/72 times and S21 chose Group 1 stimuli 41/72 times. On the

symmetrical task, S20 chose from Group 2 58/72 times, and S21 chose
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from Group 2 39/72 times. Likewise, when Group 4 stimuli were samples
and Group 1 stimuli were correct camparisons, S20 chose Group 1 44/72
times and S21 chose Group 1 48/72 times. The most notable exception is
that both subjects tended to choose stimuli from Group 4 when M4 was
present. S20 chose Group 4 stimuli 41/72 times and S21 chose Group 4
stimili 46/72 times.

During Test B with baseline, selections of Group 3 dropped nearly
to zero for S21 and completely to zero for S20. The bias for Group 1
weakened when Group 2 stimuli were samples. S20 selected fram Group 1
only 21/36 times, and S21 only 18/36 times. When Group 1 stimuli were
samples, the bias of S20 for Group 4 over Group 2 switched, and he

chose Group 2 stimuli 27/36 times.

Phase 3
S22 reached criterion on the sixth-term training task in two
sessions. She then demonstrated control of the six-member classes by

sixth-term contextual stimuli upon testing.

Debriefing

Each of the subjects was debriefed when the experiment was
campleted. All subjects were able to describe the relations learned in
Phase 1. S20 and S21 both indicated that there were no consistently
correct answers to the Phase 2 relations. S22 was able to describe the
relations in the experiment in detail without the need of the stimulus
list. She reported that she noticed that the three-member classes
always stayed together, and only had to learn the new connecting
relations on each new training task. She noted that there were four

new rules for each training task (which corresponded to the four
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different connecting relations which were trained). She reported that
she struggled at first, but then devised mnemonics (her word) to help
remember. She named each stimulus and devised a verbal phrase which
summarized the relations, for example, "Arby's 10 to 6". "R" was her
name for X1, "B" was her name for M1, "10" for B2 and "6" for Cl1 (hence
R-B-10-6). This phrase accurately describes the upper left connecting
relation in Phase 3 of Figure 13. She reported that since she knew the
three-member classes always went together, she could extend the rule to

all stimuli which were related to the stimuli in her rule.

Discussion

Three subjects learned to group twelve stimuli into four groups
of three. They were then taught to relate stimuli fram one three-
member class to another three-member class in the presence of a
contextual stimulus. Two of the three subjects did not demonstrate the
formation of six-member classes upon testing. One subject, S22,
performed each task at criterion in the minimum possible time with the
exception of the initial training. She demonstrated the formation of
six-member classes contingent upon the contextual stimuli. She also
demonstrated sixth-term control of the six-member classes after
training on a six-term task.

The three subjects had much less difficulty with the task in
Phase 1 than did the subjects in Experiment 3A. The earlier
difficulties were probably due to individual differences between the
subjects and fewer difficulties with the programs and equipment, rather

than an inherent weakness with stimulus equivalence procedures.
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The failure of S20 and S21 to form cantextually controlled six-
member classes indicates that overlapping rather than mumber of
contextual stimuli or other sources of "information overload" is the
source of interference in Experiment 3A. Both subjects responded
primarily to familiarity. Stimuli fram Group 1 were chosen most often,
and they were the most frequently shown in training. In Training 2,
Group 1 stimuli were samples or correct camparisans in 100% of the
trials. Group 2 and Group 3 stimili were samples or correct
camparisons on 50% of the trials, and Group 4 stimuli were never
samples or correct camparisons. On Test A, S20 appeared to relate
Groups 1 and 2 independent of context, and his performance was random
when Group 3 served as samples. The connection of Groups 1 and 2
seemed to pre-empt any connection of Group 1 to Group 3. S21 however,
indicated very little preference for Group 2 or Group 3 stimuli, as
expected if control was by familiarity. Both subjects chose Group 4
stimuli much less often than stimuli fram other groups.

On Training 3, Group 1 and Group 2 stimuli were samples or
correct camparisons on 50% of the trials, Group 4 stimuli on 100% of
trials, and Group 3 stimuli were never samples or correct camparisons.
Both subjects exhibited a marked preference for stimuli from Group 1,
which was the most common across both training situations. The degree
of preference for Groups 3 and 4 switched. Group 3 stimuli were rarely
chosen, and Group 4 more often, particularly when Group 1 stimuli were
samples. When baseline trials were added to testing, responses to
Group 3 nearly disappeared, perhaps because of the absence of Group 3
stimuli as part of a correct relation. S20 switched back to connecting

Groups 1 and 2 when Group 1 stimuli were samples. Why this occurred is
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Groups 1 and 2 when Group 1 stimuli were samples. Why this occurred is
unknown.

S22 succeeded in demonstrating all the relations and did so in
very nearly the minimm possible number of sessions. She said several
times throughout the debriefing that she could not have possibly
performed the task without the names and rules. Apparently, S22 was
able to perform a confusing task because of the use of a self-generated
rule.

Experiments 3A, 3B, and 3C resolve a methodological difficulty of
Experiments 1A, 1B, and 2. In those experiments, only three-member
classes were divided. Since there was an odd number in each class, two
stimuli were always related regardless of the higher-order stimuli.
Even though 6 of 7 subjects in Experiments 1B and 2 did not take
advantage of the consistent pairing, the potential remained. In
Experiments 3A, 3B, and 3C, stimulus Groups were intentionally left
separate, and the interactions between Groups were noted. In
Experiments 3A, 3B, and 3C, the two incorrect camparisons were always
from different three-member classes, and so exclusion of paired
relations could not occur.

Data from Experiments 3A, 3B, and 3C do indicate that subjects
tended to learn the relations for each level over again, and did not
keep the three-member classes together without specific training. An
example is the need to train the relations of the three-member classes
along with the relations that connected the classes. S22 of Experiment
3C was the sole exception, and she used verbal rules to maintain the

three-member classes as integral.
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A related problem of the prior experiments was that all three

members of the incorrect stimulus class could serve as incorrect
comparisons. Since one member (Al or A2) always served as the sample
stimulus, it never served as a correct camparison, and therefore could
be excluded as a possibility when it appeared as an incorrect
camparion. The same problem occurred during Experiments 3A, 3B, and
3C. The difference between these experiments and the prior experiments
is that Experiments 3A, 3B, and 3C utilized four three-member classes
rather than two. No evidence of exclusion of Al, A2, A3, or A4 can be
found in frequency of choices of each stimulus when a comparison (see
Appendix D).
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EXPERTMENT 4A

Experiments 1A, 1B, and 2 demonstrated that contextual stimuli
can control formation of stimulus classes. Experiments 3A, 3B, and 3C
demonstrated that other contextual factors such as incorrect
camparisons and the other learned relations can affect how subjects
classify sets of stimuli. In Experiment 4A, the purpose was to
establish contextual control over the type of matching task, whether
identity, oddity, or arbitrary. The kind of task to which a subject
has been exposed may effect the way in which the subject may treat the
corditional relations. Identity and oddity matching to sample may
produce a bias of responding towards or away from a particular
stimilus, while arbitrary matching to sample may produce a bias of
grouping topographically dissimilar stimuli into groups. In this
experiment, contextual control over different types of matching tasks
is established to demonstrate that the responses characteristic to the
particular tasks can be turned on and off with contextual stimuli.
Then subjects will be exposed to groups of novel trial types in which
the stimulus configurations are identical except for the contextual
stimulus. If the subjects choose the comparisons based on the
contextual stimulus, evidence will be provided that the type of task
can serve as a context for determining whether and how people classify

stimuli.
Method

Subjects
One subject was recruited from the undergraduate introductory
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psychology class, and one from the undergraduate behavior modification
class at Utah State University. Both subjects were female. They were
given class points for participating in the research, and bonus points
were given for campleting the experiment. Ages were not cobtained from

these subjects, but likely fell in the 18-24 year old range.

Apparatus
Apparatus was the same as in prior experiments.

Procegure
General Procedures. The same general procedures as in prior

experiments were used with the following exceptions. Training sessions
lasted for 60 trials and testing sessions lasted for 48 trials. Two to
seven sessions for a total of 40-50 minutes each day were conducted two
days a week. The three—camparison five-term task was used throughout
the experiment.

Training. Training was comprised of three types of matching:
identity matching, oddity matching, and stimulus equivalence via
arbitrary matching (See Figure 15). A unique contextual stimulus was
present during each type of matching. On Task 1, identity and oddity
trials were mixed 50/50. Trial types for Task 1 are depicted in Table
34. Sessions continued until the subject performed at 95% (57/60) for
two consecutive sessions. Upon completion of Task 1, each subject was
presented with Task 2, which was an arbitrary-matching stimulus
equivalence procedure. Each subject was taught four conditional

relations: Al1-Bl, Al1-Cl, A2-B2, A2-C2. Individual trial types are
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Table 34

Trial Types for Experiment 4A Task 1

Identity
1. X 2. X 3, X 4. X 5. X 6. X
Al Al Al Al Al Al
/ / / £ / i
Al Bl A2 A1 Bl B2 Al Bl 2 A1 ClA2 A1 ClB AlClC
T X 8. X 9. X 10. X 1l X 12. X
Bl Bl Bl Bl Bl Bl
/ / / / / /
Bl A1 A2 Bl Al B2 Bl1A1C2 B1ClA2 Bl1ClB2 BlClC
135 X 14. X 15. X 16. X 17. X 18. X
A2 A2 A2 A2 A2 A2
’ / / / 4 /
A2 B2 A1l A2 B2 Bl A2 B2Cl A2 C2 Al A2 R Bl Aa2-cC
19. X 20, X 21, X 22. X 23. X 24. X
B2 B2 B2 B2 B2 B2
/ / / / 4 /
B2 A2 A1 B2 A2Bl B2A2Cl B2CAl B2 RBlL BRCC1
oddity
1. ¥ 2. ¥ 3. ¥ 4. Y He X 6. Y
Al Al Al Al Al Al
I L\ A\ E\ L\ 1\
Al Bl A2 Al Bl B2 Al Bl X2 Al ClA2 A1 ClB2 Al ClC
Zs ¥ 8. Y g. ¥ 10, ¥ 11, ¥ 12, ¥
Bl Bl Bl Bl Bl Bl
P\ P\ P\ P\ P\ P\
Bl A1 A2 Bl Al B2 BlAlC2 BlClAZ BlClB.?. BlClC2
13 ¥ 14. Y 15:; Y 16. ¥ 17 ¥ 18. ¥
A2 A2 A2 A2 A2 A2
P\ P\ E\ P\ F\ P\
A2B2Al AZBZBl A2B2Cl A2C2Al A2C2B1 A2C2Cl
19. ¥ 20. ¥ 21. ¥ 22. ¥ 23~ X 24. Y
B2 B2 B2 B2 B2 B2
P\ P\ P\ P\ P\ P\

B2A2A_1 B2A281 B2A2C1 B2C2Al B2C281 B2C2Cl
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equivalence procedure. Each subject was taught four conditional
relations: Al1-Bl, Al1-Cl, A2-B2, A2-C2. Individual trial types are
depicted in Table 35. When the subject scored at least 57/60 for two

consecutive sessions, testing began.

Table 35
Trial for iment 4A Task 2
Arbitrary Matching
1. Z 2. 2 3. Z 4. Z 5. 2 6. Z
Al Al Al Al Al Al

I I [ i [ I
I I [ I I |
Al Bl A2 A1 Bl B2 A1 Bl1C2 A1 ClA2 A1 ClB2 AlCl 2

7. 2 8. 2 9. Z 10. 2 11. Z 12. 2
A2 A2 A2 A2 A2 A2
| | | |
| | | | I
A2 B2 A1l A2 B2 Bl A2 B2Cl A2 CZAl A2 C2Bl A2C2Cl

Testing. Trial types are depicted in Table 36. On each trial,
one camparison was identical to the sample, one was in the same
experimenter-defined class as the sample, and one was a member of the
other experimenter-defined class. No previously trained trial types
were presented.

The contextual stimulus which signalled identity-matching (X) was
present during 25% of the trials. During those trials, the sample was
either C1 or C2, and responses were considered correct if the subject
chose the identical camparison (generalized identity-matching).

The contextual stimulus which signalled oddity-matching (Y) was
present during another 25% of the trials. Again, the sample was either

Cl or C2, but the responses were considered correct if the subject
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Table 36
Testing Trial Types for Experiment 4A
Identity
1s X 2: X 3. X 4, X 5. X 6. X
Cl ClL Cl Cl Gl Cl
/ / / /
Cl Al A2 ClA1 B2 ClA1C2 Cl1Bl1A2 ClBlB2 ClBl1C_Q
Te X 8. X 9. X 10. X 11. X 12. X
c2 c2 2 2 c2 c2
£ 4 ' Pa / rd
C2 A2 A1 C2A2Bl C2A2Cl CB2Al C2B2Bl CBCl
Ooddity
13. Y 14. Y 15. Y 16. Y 17 Y 18. Y
Cl Cl Cl Cl Cl Cl
I\ I\ I\ I\ P\ L\
ClAl A2 ClA1 B2 Cl1A1C2 Cl1Bl1A2 ClBl1B2 ClBlLC
19. Y 20. Y 21. Y 22. Y 23 Y 24. Y
c2 c2 2 (67} c2 (o]
P\ I\ I\ L\ I\ :
C2 A2 A1 C2A2Bl C2A2Cl C2B2Al C2B2Bl CBCl
Symmetry Transitivity
25, 2 26. 2 27. Z 28. 2 29. 2 30. 2
C1l Cl Gl Cl1 @l Cl
| | | | | |
I I | i I I
ClAl1A2 ClA1 B2 Cl1A1C2 Cl1Bl1A2 ClBlB2 ClB1lC
31, 2 32. 2 33. 2 34. 2 35. 2 36. 2
2 c2 c2 c2 2 2
| | | | | |
| | | | | |
C2 A2 A1 C2A2Bl C2A2Cl C2B2Al C2B2Bl C2B2Cl
37. 2 38. Z 39. Z 40. Z 41. 2 42. 2
Bl Bl Bl Bl Bl Bl
I ] I I I ]
I | | I I i
C2 A2 A1 C2A2 Bl C2A2Cl C2B2Al C2B2Bl CB2Cl
43, 2 44, 2 45. 2 46. Z 47. 2 48. Z
B2 B2 B2 B2 B2 B2
I I I | 1 I
I [ I [ [ I
C2 A2 A1 C2A2Bl C2A2Cl C2B2Al C2B2Bl C2B2CCl
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The contextual stimulus which signalled arbitrary matching (Z)
was present during the remaining 50% of the trials. Responses which
demonstrated symmetry or transitivity were considered correct. Note
that in 75% of the trial types, each configuration was identical except
for the contextual stimulus, which was the only cue the subject had to
indicate which kind of response to the sample (oddity, identity, or
arbitrary) was required, and that generalization to new cases was
required. Generalized identity-matching (reflexivity) was required
when X was present, generalized oddity-matching when Y was present, and
transitivity when Z was present. The remaining 25% of the trials
tested for symmetry of the relations trained when Z was present.
Testing was ended when the subject scored at least 46/48 for two
consecutive sessions, or if performance did not change more than 2/48

over two sessions.

Results

Training
Overall performance on each session for both subjects is depicted

in Figure 16. S23 performed at criterion on Task 1 in 12 sessions. On
Task 2, identity performance fell to 70.8% and came to 100% in three
sessions. Her performance on oddity fluctated greatly between 33.3%
and 66.7%, while performance on arbitrary matching ranged from 50% to
75%. Performance on both oddity and arbitrary matching peaked between
sessions 17 and 19, but then fell sharply. Two sessions of arbitrary

matching alone increased performance to 86.7% and 95%. When returned
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to Task 2, the performance of S23 on identity remained at 100%, while
performance on arbitrary matching rapidly fell from 100% to 75%.
Performance on oddity fluctuated between 33.3% and 58.3%. Two more
sessions of arbitrary matching only produced scores of 88.3% and 98.3%.
On a final session of Task 2, S23 performed at 100% on both identity
and arbitrary matching and performed at 58.3% on oddity. Testing was
begun before the performance on arbitrary matching could fall again.

S24 performed at criterion on Task 1 in 9 sessions. Her identity
performance remained at 100%, while oddity performance declined from
58.3% to 41.7%. Performance on arbitrary matching varied between 50%
and 66.7%. One session of arbitrary matching alone was presented and
S2 scored 98.3%. When returned to Task 2, identity performance again
remained at 100% while performance on oddity and arbitrary matching
dropped sharply. Ancther session of arbitrary matching alone resulted
in a score of 96.7%. On the return to Task 2 for two sessions,
performance on both identity and arbitrary matching was at 100%, and
performance on oddity was at 91.7%. Since the behavior seemed to be

stable, testing was begun.

Testi
S23 scored 37.5% and 31.3% on the first two sessions of testing,
and her scores then increased to between 58.3% and 62.5%. A closer
look at the data reveals that performance on the first two testing
sessions was largely random (See Table 37). The only consistent
pattern seemed to be a bias towards responding towards identity
regardless of the context present. Starting with Session 34, S23

consistently chose the identical comparison when the contextual
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Table 37

Results on Generalization Test for S23%*

11/15/88 - Session 32

11/15/88 - Session 33

Contextual Stimlus
Y

Contextual Stimulus
Y

Sample Stimulus

CLc2 c1 2 <1 ¢ Bl B2

Sample Stimilus

ClC2 cle €I BlB2

2 2 3 2
0 0 1 0

1
0]
1
2
2
0

2
1
1
1
0
1

2 1 ‘2 1
0 0 0 1
0 2 3 O

0 0 1 3

1
0
2

2
1
3
0
0
0

0 2 0 2

Bl 2 1

B2

1 01 0

1

1
2
0

2 1 0 1
i 1 1 1

€L 0 2

c2

3 1 0 2
1 2 0 O

11/16/88 — Session 35

11/15/88 - Session 34

Contextual Stimulus
Y

Contextual Stimulus
Y

Sample Stimilus

clc2 €12 Cl c2 Bl B2

Sample Stimulus

Cl 2 Ci1C2 ClLC BlB2

1 2 3 1
0 1 0 O

0 1 3 2

1
0

11 0 1

c 1 3 2

1
2

3
0
3
0
0
0

2
2
1
0

3
0
0
0

Bl 0 O

B2

2
1
0
0

1 0 0 2
2 1 0 1
2 1 0 0

0

0 0 0 2

Cl 6 ©

(6]

4 2 0 1
1 110

11/16/88 - Session 35

Ideal Performance

Contextual Stimulus
Ya

Contextual Stimulus
Y

Sample Stimilus

Sample Stimulus

ClCc2 Cl¢2 ClC2 Bl B2

Cl 2 €1 1l BlEB

o m

™ O

om

3 0 0 O
0 3 0 0

0 0 3 O

™M™ O

N O

2

onNOo

o o

o o

8449

Bl 0 O

~ O

™M™ O

N O

0 2 2 2

o~

~ O

1

Mo m

O oo

[eNoNe]

8394

0O 0 0 3

0
2
0

2
0
2

B2 0 O
ClL 6 O
2 0 6

o
~ O O
o NO

N~ O

N ANO

[eNeoNe]

(@@ Vo)

o wvo

5 R3RY

* Number of times each comparison chosen in the presence of each sample

stimulus and each contextual stimulus.
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stimilus for identity (X) was present. S23 consistently demonstrated
an equivalence class of Al-B1-Cl when the contextual stimulus (Y) for
oddity was present and the sample was Cl. However, when the sample was
C2, she chose randamly among the nonidentical camparisons. S23 never
chose an identical camparison when Y was present. When the contextual
stimulus for arbitrary matching was present (2) and the sample was Bl,
S23 16/18 times chose Al or Bl. Responses seemed to be mostly random
when any other sample was present until the last session, when S23
consistently chose according to oddity given Z as context and C2 as
sample.

S24 scored 62.5% and 64.6% on two sessions of testing. She
responded according to identity when X was present, and according to
oddity when Y was present, although she did have same trouble when Y
and Cl1 were present on the first session (See Table 38). When Z was
present, S24 nearly always chose correctly on symmetry trials, and
nearly always chose the identical comparison on transitivity trials.
She responded this way on 49/60 cases over the two sessions. The
primary exception which accounts for 5 of the 11 deviations was that S2
chose the odd camparison when Bl was the sample on transitivity trials.

Following campletion of the experiment, each subject was
debriefed. Both subjects stated that they were to pick '"the same"
stimulus when X was present. Both subjects said that when Y was
present, they were not to pick the camparison identical to the sample,
but they were not sure on what basis to choose the correct comparison.

Neither subject could describe the relations controlled by Z.
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Table 38
Results on Generalization Test for S24%*

10/19/89 - Session 20 10/19/89 - Session 21
Contextual Stimulus Contextual Stimulus
X Y Z X p 4 Z
Sample Stimulus Sample Stimulus
ClCc2 Cl1C ClCBlB2 ClL 2 Cl 2 €1 ¢ Bl B
Co: Co:
Al 0 O 2 2 3 1 3 1 Al 0 O 0 2 3 0 3 1
A2 0 O 2 0 0 2 0 3 A2 0 0O 2 O 0O 3 1 3
Bl 0 O 1 2 0O 0 1 0 Bl 0 O 0 2 0O 0 0 O
B2 0 O 1 0 0O 0 1 2 B2 0 O 2 0 1 0 1 2
Cl 6 0 0o 2 3 1 0 0 Cl 6 O 0 2 2 1 0 O
c2 0 6 0 0 0 2 1 0 c2 0 6 2 0 0 2 1 0

*Number of times each camparison chosen in the presence of each
sample stimulus and each contextual stimulus.

Discussion

An attempt was made to train two subjects to perform three
different types of matching tasks based upon the presence of a
contextual stimulus. Both subjects learned to perform identity
matching, and one subject learned to perform oddity matching. While
both subjects learned to perform arbitrary matching, neither
demonstrated stimulus equivalence. On the portion of the test which
examined equivalence, one subject (S24) responded correctly to symmetry
trials but not transitivity trials, and one subject (S23) responded
mostly randamly.

The lack of control may be traced to the training procedure. The
training procedure was a three-camparison matching task. During oddity

trials, two of the camparisons were correct and one was incorrect. The
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subjects reported being confused and unsure of what they were supposed
to do on oddity trials. During the debriefing following the
experiment, both subjects were surprised to hear that either stimulus
was correct. They reported being distressed that they could not find
the correct answer.

Both also had difficulty learning the arbitrary matching task,
and required separate training. An examination of Figure 16 indicates
that correct responding to oddity and arbitrary matching seemed to
correspond in direction, though oddity performance was lower in all but
one point. Stimulus equivalence may have been disrupted because the
subjects were unsure of the role of incorrect camparisons, or because
the confusion with oddity carried over into a confusion with excluding
stimuli from a class. That is, Bl and C1 may go with Al, but that does
not mean B2 and C2 do not. Similarly, if they were unsure about what
constitutes a correct response besides identity, then they would have
no reason to generalize any relations beyond the directly trained ones.

Speculation aside, the rw.llts_ indicate that once learned,
identity is quite stable, and that oddity and arbitrary matching may
interact. However, in order to demonstrate the desired results, the

role of oddity training needs to be established before testing, and

perhaps before equivalence training.
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EXPERTMENT 4B

In Experiment 4A a number of difficulties were found. First, the
subjects had difficulty learning the oddity task with three
camparisons. There was no particular correct stimulus, although there
was a particular incorrect stimulus. Either of the nonidentical
stimuli were considered correct, and the subjects found the task
confusing. Second, addition of the arbitrary matching disrupted oddity
performance for both subjects. Third, the confusion between oddity and
arbitrary matching prabably led to the poor performance on the test
sessions. In Experiment 4B, the subjects were taught each type of
matching separately, in hopes of reducing confusion. Also, a two-
camparison procedure was used with the oddity and the initial identity

training in order to make the nature of the oddity task more clear.

Method

Subjects

Two subjects were recruited from the undergraduate statistics
psychology class at Utah State University. One was a male aged 24 and
one was a female aged 21. They were given class points for
participating in the research, and bonus points were given for

campleting the experiment.

Apparatus
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Procedure

General Procedures. The same general procedures as in Experiment
4A were used with the following exceptions. The experimental tasks
were presented in either two—camparison or three-camparison formats
(See Figure 17). Tasks with two camparisons lasted for 40 trials, and
tasks with three camparisons lasted for 48 trials. Two to seven
sessions for a total of 40-50 minutes each day were conducted 2 days a
week.

Training. Training involved the same types of procedures as in
Experiment 4A. The primary difference was that the training was broken
down into more tasks in Experiment 4B. Trial types for the first three
tasks are depicted in Table 39. Task 1 was a two—camparison identity-
matching task, in which the relations Al1-Al, Bl1-Bl, A2-A2, and B2-B2
were trained. Task 2 was a two—-camparison oddity-matching task, in
which the subject was trained to respond away fraom the camparison
identical to the sample.

On Task 3, identity and oddity trials were mixed 50/50. A two—
camparison task was used because of the difficulty inherent in training
oddity using three-comparisons: two different and therefore correct
answers are present. Due to the simplicity of the tasks, each task was
presented until the subject was correct on at least 38/40 trials for
one session.

Upon campletion of the third task, each subject was presented
with Task 4, which was a three-camparison identity-matching task. This
step was taken so the subjects would not relate the identity-matching
task to only two-camparison tasks. Tables 34 and 35 (Experiment 4A)



Screen Formats

Three—-Comparison
Matching-to-Sample
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Figure 17. On-screen formats for the matching-to-sample tasks in

Experiment 4B.
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Table 39

Trial

for ison Tasks on iment 4B
Identity
1. X 24 X 3 X 4. X 5. X
Al Al Al Al Al
i / / / /
Al Bl Al Cl Al A2 Al B2 Al
6. X Te X 8. X 9. X 10, X
Bl Bl Bl Bl Bl
/ 7 7 / S
Bl Al Bl €l Bl A2 Bl B2 Bl
11, X 12. X 13 X 14. X 15, X
A2 A2 A2 A2 A2
/ / / 7 I
A2 Al A2 Bl A2 Cl A2 B2 A2
16. X 17. X 18. X 19. X 20. X
B2 B2 B2 B2 B2
/ & / / /
B2 Al B2 Bl B2 Cl B2 A2 B2
Oddity
(4 2. ¥ X 4. Y 5 ¥
Al Al Al Al Al
\ \ % X \
Al Bl Al Cl Al A2 Al B2 Al
6. Y T X 8. Y 9. Y 10. Y
Bl Bl Bl Bl Bl
\ \ \ \
Bl Al Bl Cl Bl A2 Bl B2 Bl
11, ¥ 12: X 13, Y 14. Y 15e.¥
A2 A2 A2 A2 A2
\ \ \ \ \
A2 Al A2 Bl A2 Cl A2 B2 A2
16. Y 37. ¥ 18. Y 19. ¥ 20: ¥
B2 B2 B2 B2 B2
\ X\ \ X \
B2 Al B2 Bl B2 Cl B2 A2 B2
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present individual trial types for Tasks 4, 5, and 6. When the subject
campleted two consecutive sessions of 46/48 correct, Task 5 was
presented which was a three-camparison arbitrary matching procedure.
Each subject was taught four conditional relations: A1-Bl, A1-Cl, A2-
B2, A2-C2.

When the subject scored at least 46/48 for two sessions, the last
training task (Task 6) began. The subjects were presented with a 50/50
mix of identity and arbitrary matching trials. Upon campletion of two
consecutive sessions of at least 46/48 correct, testing began.

Testing. The test was identical to that used in Experiment 4A.
Testing was ended when the subject scored at least 46/48 for two
consecutive sessions. Separate testing for symmetry and transitivity
also occurred. Tests were comprised of 50% trained (Z) relations and
50% symmetrical or transitive relations. Trial types are shown in
Table 40. Sessions were 48 trials long, and were repeated until at

least two consecutive sessions of 46/48 correct occurred.

Results

Identity/Nonidentity Training

Performances across sessions for each subject are shown in Figure
18. Both subjects scored perfectly on the first session of identity
(Task 1). They scored 39/40 on the first session of oddity (Task 2),
both having missed the first trial in the session. S26 was presented
one additional session each of Tasks 1 ard 2 since she had not
participated for five days. She scored at least 39/40 on both sessions

and performed at criterion for the cambined task in three sessions.



Table 40
Trial for the te and Transitivity Tests on
Experiment 4B
Symmetry
le Z 2. & 3. 2 4. Z 5. 2 6. 2
(24 | Cl Ccl c2 (6] c2
/ / / / / /
Al C1 A2 A1 Cl B2 A1Cl R A2 C2Al A2C2Bl A2 C2C
T+ Z 8. 2 9. Z 10. Z 11. Z 12. Z
Bl Bl Bl B2 B2 B2
v / V4 / 4 /
ClBl1A2 Cl1Bl1B2 ClBlC CB2Al C2BBl C2BCl
Transitivity
1. 2 2¢ & 3. 2 4, Z 5. 2 6. 2
Cl Cl Cl1 Cc2 2 c2
/ 4 / / / /
Bl Cl A2 B1ClRBR Bl1ClC2 B2C2Al B2C2Bl B2C2Cl
71« & 8. 2 9, Z 10. 2 11. Z 12. 2
Bl Bl Bl B2 B2 B2
¥ / 7 / f /
Al Bl A2 Al B1 B2 Al B1 G2 A2 B2 A1 A2 B2 Bl A2 B2 C1
Training Baseline
1. 2 2+ 4 3. 2 4. 2 5: 2 6. 2
Al Al Al Al Al Al
b4 / Z / 7
Bl Al A2 Bl1 Al B2 BlA1C2 ClAl1A2 ClAl1B2 ClAl
7. Z 8. 2 9. 2 10. 2 11. 2 12. 2
A2 A2 A2 A2 A2 A2
v / / / /
B2 A2 A1 B2 A2 Bl B2 A2Cl C2A2 A1l C2A2Bl CA2Cl
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EXPERIMENT 4B
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Figqure 18. Percentage of correct responses for each session and phase

of Experiment 4B.
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She scored perfectly on two sessions of the three-camparison identity
task (Task 3).

S25 performed poorly on the cambined identity/oddity task (Task
3) with scores of 15/40 and 17/40. He was returned to Tasks 1 ard 2,
and demonstrated good performance on each. Four sessions of the
canbined task were presented, and he scored between 17/40 and 21/40,
well within the chance levels of a two—camparison procedure of 50/50.
On Session 13 a verbal prampt was used. He was questioned by the
experimenter why his choice was correct or incorrect for the first
three trials. On Trial 1 (Y-incorrect) he responded that he did not
know.

On Trial 2 (X-correct) he responded that the correct camparison
was the same as the sample. On Trial 3 (Y-incorrect) he did not
respond, but immediately started the next trial. On Trial 4 (Y-
correct) he responded that the correct camparison was different from
the sample. He scored 37/40 on that session, and two of the errors
were made on the first three trials. He missed two on the next
session, and then scored perfectly on the last session of Task 3 and on

two sessions of Task 4.

Arbitrary Matching Training

S25 performed at criterion (46/48) on arbitrary matching (Task 5)
in four sessions, and scored at criterion in two sessions on the
canbined identity-arbitrary matching (Task 6). S26 scored between
27/48 and 29/48 for four sessions of Task 5. On the next day she came,

the trial types were presented in blocks (all four of trial type 1,
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then all four of trial type 2, etc.) in the hope that doing so would
make the tasks easier (Saunders & Spradlin, 1989). The location of the
canparisons on the screen was still varied at randam. Her score
increased fram 34/48 to 46/48 on the next four sessions. The order was
then presented randamly, and she performed at criterion in three
sessions. She scored 46/48 on two sessions of Task 6. She was given
an additional session of Task 6 since she missed both instances of a

trial type, and again scored 46/48.

Testi

Detailed results on the tests are depicted in Table 41 for S25
and Table 42 for S26. Both subjects experienced difficulty on the
test. S25 scored 15/48 ard 36/48, and S26 scored 12/48 and 22/48. S25
scored perfectly on identity trials, but did poorly on oddity and
arbitrary matching trials. She was presented another session of Task 6
and scored perfectly.

S26 resporded entirely to identity regardless of context. She
was presented a session of the cambined identity-oddity task and a
session of the cambined identity-arbitrary matching task. She
performed at 38/40 on the first and 46/48 on the second. Ancther
session of the test was presented, and she again scored perfectly on
identity trials, but nearly randamly on the other trials.

The amount of generalization required was assumed to be too
great, so the symmetry and transitivity trials were presented
separately. S25 performed at criterion in three sessions on symmetry
trials, and in two sessions on transitivity trials. S26 again

responded entirely to identity when presented the symmetry trials. A



154

Table 41

Results on Generalization Test for S

10/19/89 - Session 24

10/19/89 - Session 25

Contextual Stimulus

Contextual Stimulus

Sample Stimulus

Cl1C C1C ClCBlB

Sample Stimulus

ClC2 C1C ClCBlB

ON+H+40N
MO NO-HO
ON+{MmMOO

NMOMOOO

O NN~HO

NN+ OO

(oo o NeNe Qo)

OO0OO0OO0OwOo

FPEERL

NONO -~
MmMOOoOOMmMO
NON-HAHO

MO MOOO

OCMOMOO

ANO~0N

OO0OO0OO0O0V

OO0OO0OO0OWVWOo

8498888

10/26/89 - Session 33

10/26/89 - Session 32

Contextual Stimulus

Contextual Stimulus

Sample Stimulus

Cl1C2 Cl1c Clc2 Bl B2

Sample Stimulus

clecz €1C2 ¢l BlB

OMOOOMm
MOOOMO
OCMONHO

MmMOMOOO

NONONO

oNoOoNON

OCOO0OO0OO0OO0V

OO0 O0OO0OVwOo

§292889

OMOOOMm
MOOOMO
OCMOmMOO

MOMOOO

“oNONH

oNOoONON

eleNelNelo )

(eNoloNeRloNo]

FPERERL

* Number of times each camparison chosen in the presence of each

sample stimulus and each contextual stimulus.
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Table 42

Results on Generalization Test for S26

10/19/89 - Session 24

10/19/89 - Session 27

Contextual Stimilus
Y

Contextual Stimulus
Y

Sample Stimulus

Cilc c1Cc €1 Bl B

Sample Stimulus

CL €2 ClLc2 €1 c2 Bl B2

1 1 1 1

0O 0 0 O

1
1
2

0
1

0 0 0 O
0 0 0 O
0O 0 6 O
0 0 0 5
6 0 0 O
0 6 0 1

0
0
0
0
0
6

0
0

0 Bl 0 0 1 2 1 2 1
1

5
0

3 1 1 2

1
1
0

B2 0O
ClL 6 0
c2

i1 1 1 1
I 2 1 1

0
2

0

10/26/89 - Session 37

10/26/89 - Session 36

Contextual Stimilus
b4

Contextual Stimulus
54

Z

X

Sample Sti

ClL 2 €1 &2 €12 BlEB

Sample Stimilus

cl 2 ClC¢2 Cl 2 Bl B2

lus

2 3 © 3 0
0 o0 3 0 3
2 3 0 0 O

0 3 0 O

0
2
0

Co
Al
A2
BL 0 O

3 0 2 O
0 2 0 3

1 0 O
0 3 0 O
0 0 3 O

3

0
2
0

1
2
0

0
2
0

0

B2

2
2
0

2
0
1

B2 0 O

0 0 0 3 O

2

Cl 6 O

c2

Cl 5 0

C2 0 6

0 0O 0 0 3

o 0 1 3

10/26/89 - Session 38

Contextual Stimulus

Sample Stimulus

ClCc2 Cl¢C2 €1L¢2 Bl B2

3 0 3 0O
0

2
0

0
2

0
2

0 2 0 O

0

on

™ O

— O

[eNe)

N O

o N

*Number of times each comparison chosen in the presence of each sample

stimulus and each contextual stimulus.
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session of Task 6 was presented, and then symmetry was retested. S26
scored at 45/48 on the training and came to criterion on symmetry in
four sessions. She scored perfectly on two sessions of transitivity.
The camplete test was then readministered to both subjects. S25 made
only one inconsistent response in the two sessions. S26 made 8
inconsistencies on the first session, none on the secand, and two on
the last.

During the debriefing, both subjects could state that X indicated
that they were to pick the same stimulus as the sample. However, both
had difficulty describing the relations under the control of Y and Z.
When S25 was given the list of stimuli, he was able to show how they
went together. S26 was also able to indicate what the contingencies

were with the stimilus list, but was very slow and hesitant.
Discussion

Two subjects were trained to perform different types of matching
tasks based on the presence of contextual stimuli. Identity and oddity
matching generalized to novel stimuli, and arbitrary matching training
resulted in the establishment of two three-member stimulus classes.

The results provide support for the notion that contextual stimuli can
control whether people will group stimuli into classes or not.

The subjects again had difficulty with the oddity task. S26
required an additional session of XY training after the first test, and
reported that she had forgotten what the contextual stimilus Y
signalled. 525 had difficulty when identity and oddity were cambined
in the same session. He was apparently not attending to the contextual
stimulus, and was responding based on the feedback given for the last
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trial. If he was correct, then he responded in the same way on the
next trial. If he was incorrect, he responded in the opposite way on
the next trial.

S26 had difficulty with the arbitrary matching. The prior
exposure to oddity and identity matching biased her to respond
according to physical characteristics, which does not work on arbitrary
matching. When the task was broken down into the individual trial
types, and presented in blocks so that she received a number of
corrections on the same trial type, she was able to learn the task.

On the test, the subjects were again unclear as to what to do.
S26 demonstrated a response of choosing based on identity if unsure.

On the premise that too much generalization was required, the test was
broken down so that equivalence could be tested first. Both subjects
demonstrated symmetry and transitivity. Upon return to the test,
oddity performance improved when performance on symmetry and
transitivity improved.

One difficulty with the training procedure is that C1 and C2 were
used as camparisons in the identity and oddity training. Since neither
Cl or C2 served as samples, trial types with Cl or C2 as camparisons
were not conditional discriminations. What this means is that because
Cl and C2 were never related to a stimulus, they were never correct
camparisons, and subjects could have learned simply to choose away fram

them.
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GENERAL, DISCUSSION
Fifth-Term Control

Experiments 1A and 1B demonstrated that fifth-term control can be
established, provided systematic replication of prior research on
contextual control (e.g., Bush et al., 1989; Fucini, 1982; Hayes et al.,
in press; Kennedy & Laitinen, 1988; lazar & Kotlarchyk, 1986; Serna
1987; Wulfert & Hayes, 1988), and demonstrated that the function of a
contextual stimulus can be transferred to neutral stimuli via stimulus
equivalence paradigm procedures (Hayes et al., in press; Lazar &
Kotlarychk, 1986; Wulfert & Hayes, 1988). These experiments set the
stage for further analysis of fifth-term control (Sidman, 1986) and its
usefulness in predicting and controlling development of camplex stimulus
classes such as those found in language.

Classes of words used in natural settings are not usually simple,
mutually exclusive groups of stimuli, but tend to overlap or "intersect"
as in the metal/liquid example. The element "mercury" is a member of
both the classes of liquids and of metals, but not all liquids are
synonymous with all metals. Rarely are there single stimuli controlling
natural language classes. For example, a child may have learned to
differentiate between plants and animals and then learns that the words
"beast" and "creature" are synonymous with the word, "animal". Greater
efficiency results if the new words also control the stimuli in the
subordinate class in the same manner as does the word, "animal". These

results indicate the potential robustness of stimulus equivalence
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procedures for the description of the development of camplex stimulus

classes.

Transfer of Function

Transfer of various stimulus functions has been accamplished at
least three times previocusly (i.e., Hayes et al., in press; lazar &
Kotlarychk, 1986; Sigurdardottir, Green, & Saunders, 1990; Wulfert &
Hayes, 1988). In the lazar and Kotlarchyk (1986) and Wulfert and Hayes
(1988) studies, novel stimuli were made equivalent to a class of
equivalent stimuli whose function was to determine the ordering of
responses. The novel stimuli thereafter also controlled the ordering of
responses. Sigurdardottir et al. (1990) extended the results of lazar
and Kotlarchyk (1986) by using a longer sequence, adding distractor
stimuli, and carefully testing for equivalence based on order. In the
Hayes et al. (in press) study, novel stimuli were made equivalent to
stimuli that functioned as conditioned reinforcers or as discriminative
stimuli. Thereafter, the novel stmull also functioned as conditioned
reinforcers or as discriminative stimuli.

In the present study, novel stimuli made equivalent to contextual
stimuli thereafter controlled the conditional relations controlled by
the contextual stimuli. In each of these experiments, stimuli that
previocusly had no function were made functional via procedures that led
to stimulus equivalence. The potential generality of transfer of
function should only be limited by the number of different functions
that stimuli might possibly serve (e.g., eliciting, reinforcing,
discriminative, etc.), and suggests ancther important utility of
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stimulus equivalence procedures. Transfer of function via stimilus
equivalence can be used for generalization of a learned stimulus
function to novel situations (stimuli) without retraining in each
situation. Also, the control of behaviors by certain stimuli can be
transferred to new stimuli, which would provide an effective method for

generalization of behavior to new situations.
Sixth-Term Control

Experiment 2 demonstrated that Sidman's (1986) hierarchical
analysis can be extended to at least six terms. The questions that
arise from the demonstration are (1) whether the effect is real or due
to stimulus campounding; and (2) whether the effect is relevant to
everyday life or is merely a laboratory phenamenon. Both issues are
critical to the hierarchical approach. Sidman has expressed concern
over the possibility of stimulus campounding (Sidman et al., 1989) and
others have suggested that a hierarchical analysis is not necessary and
is explainable by stimulus campounding (Delprato, 1987; Thamas &
Schmidt, 1989). The transfer of function demonstrated by Experiments
1A, 1B, ard 2 lends support to the notion that the sample stimuli are
not campounded, since the function tranferred to the novel stimuli was
strictly that of the stimuli to which they were related. The fact that
the function was manifested immediately upon testing without any prior
experience also weakens the stimulus campounding position.

Hierarchical control essentially describes a camplex logical if-
then relation. To the extent that such logical relations exist in the

everyday world, hierarchical control does also. Early camputer
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programming languages were based on the use of the If-Then statement to
make decisions, for example, if X is the case, then do Y. The
limitations of the statement quickly became apparent when a mumber of
conditions needed to be examined at once or in a sequence. The "If-
Then-Else, If and/or If Then, and If Then If Then Else" statements were
created to simplify programming and cut down on the explosion of program
size due to the number of "If Then" statements. These more camplex
statements are identical to higher-order contingencies; for example, the
BASIC language statement "If X1 Then If Al Then If Bl Then Bl Else C1"
describes the leftmost fifth-term contingency illustrated in Figure 1.
That such statements are cammonly used in programming can be used as
evidence that hierarchical situations do exist in the real world, or at
least can be conceptualized as such.

An everyday example of a six-term contingency is that of
linguistics: Consider a listener hearing the words "knot" or "not" who
must then write down the correct word. In written language, an
additional cue in the form of the presence or absence of the letter "k"
makes the discrimination easier. However, the listener is dependent
upon the context of the word usage. An additional level can campound
matters by considering the listener bi-lingual German/English. If
German is spoken, and the context is "tying", the word is "Knot", but if
the context is "poverty", the word is "Not". If English is spoken, and
the context is "tying", the word is "knot", but if the context is
"absence" or "negation", the word is "not".

Experiment 2 demonstrated that transfer of function can take place

via equivalence at the sixth-term level. Such a finding is important
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since it systematically replicates earlier work which used fourth-term
or fifth-term contingencies (e.g., Hayes et al., in press; lazar &
Kotlarchyk, 1986; Wulfert & Hayes, 1988). Together, all these studies
indicate that the basic findings of equivalence apply at a number of
different levels fram simple matching-to-sample to complex hierarchical

tasks.
Limits on Combinations of Classes

Experiments 3A, 3B and 3C point ocut a critical limit with
equivalence procedures. If a class is related to two different classes,
and a subject is forced to choose between the two different classes,
even a contextual stimulus will not prevent ambiguity (cf. Bush et al.,
1989; Fucini, 1982). S3 of Experiment 3C demonstrated that the
difficulty can be surmounted via the use of verbal behavior in the form
of self-generated rules (Hayes, 1989), but she was the only one of six
subjects in Experiments 3A and 3C to actually do so. What verbal
behavior the other eight subjects in Experiment 3A, 3B, and 3C might
have used is unknown. None reported the use of rules; however, the
subjects' verbal report may not accurately describe their covert verbal
behavior.

The findings of these three experiments may have important
implications for teaching. Same cambinations of stimuli apparently
cannot be taught, or can be taught only with great difficulty. However,
a slight change in procedures can greatly facilitate learning. If
Experiment 3B was altered so that M1 and M3 and the associated relations

were taught at the same time, and M2 and M4 were taught at the same
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time, the subjects likely would not learn the relations. Merely the
order of training is altered, and the difficulty of the task increases
dramatically.

Other possibilities exist which could conceivably change the
difficulty of the training as dramatically. Errorless procedures could
be attempted that would reduce the difficulty of training by ensuring
that each set of conditional discriminations were mastered before
introducing more relations. Perhaps subjects could have learned the
relations in Experiment 3A if each logical step was carefully taught in
such a way that equivalence was apparent. What those procedures might
be requires further study.

Fields and Verhave (1987) suggest two basic sets of parameters for
training that may also affect ease of acquisition. Directionality of
training, or which stimuli serve as samples and camparisons may be
important. They suggested that generalization of new relations may be
easier depending on the manner of presentation of the stimuli during
training. For example, if two relations are trained: A-B, B~C and the
potential derived relations A-C, C-A are tested, the relation A-C might
be easier to learn than the relation C-A because in the former both
stimuli had served in the same roles as sample and comparison. That is,
A had been the sample and C a camparison in prior training, while in the
case of C-A, both stimuli are serving in an unfamiliar role. Even
though subjects had never seen A-C together before, their familiarity
with the trained roles could conceivably make the test task much easier
than C-A, in which the pairing is novel, and the stimuli appear in roles

they have never been in before.
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In terms of larger classes, Fields and Verhave (1987) suggest that
nodality, or to how many stimuli a sample is related during training,
may also be important. For example, with a six-member class, one
stimulus may serve as the sample throughout training and the other five
are related to it: A-B, A-C, A-D, A-E, A-F. On the other hand, each of
the stimuli may be related to only two other stimuli, and four of the
six will serve as both sample and camparison: A-B, B-C, C-D, D-E, E-F.
These issues may significantly improve training procedures by improving
test performances and reducing training times, and require further
research.

Contextual Control of Matching Performances

In Experiments 4A and 4B, subjects were trained to perform various
matching tasks based on the presence of contextual stimuli. In
Experiment 4B the subjects were able to demonstrate generalized
performance of oddity, identity (reflexivity), symmetry and transitivity
after appropriate training. The generalization task was overwhelming
and needed to be broken down, but was eventually performed.

Two major conclusions can be drawn from these results. Identity
matching seems to be very robust and even sametimes preferred because it
is easy and perhaps most familiar to adult humans. Steele and Hayes
(1988) found that subjects trained on a series of arbitrary-matching
tasks failed to perform on an identity-matching task. Their results are
likely due to a contextually controlled bias of responding based on
arbitrary matching for two reasons. First, Experiment 4B demonstrated
that a context based on type of procedure can control the kind of
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matching performed. Second, Experiment 4A and 4B also demonstrated that
arbitrary matching apparently is partially based on choosing away fram
identity, and thus becames an incompatible response (cf., Stromer &
Osborne, 1982). Therefore, no conclusive results have indicated that
reflexivity is not necessary for equivalence to develop.

Another conclusion which can be drawn fram the results of
Experiments 4A and 4B is that oddity and equivalence are linked samehow,
perhaps with reference of what to do with incorrect stimuli. In
training, the correct response during oddity was any nonidentical
stimulus. However, on the test, the correct response to oddity was a
nonclass member, not any nonidentical stimulus. Before the separate
equivalence testing, the subjects both chose any nonidentical stimulus.
After the subjects demonstrated equivalence, they chose only nonclass
members (cf. Dixon et al., 1983). Perhaps the prior oddity training
interfered with the formation of equivalence on the first test, since
the behavior of choosing stimuli which later were to became class
members had been reinforced. In essence, what the subjects were
learning during oddity was that these two stimuli are not the same. S2
may have had difficulty during equivalence training because she was then
told to put stimuli together which she had learned did not go together.
Maybe the formation of equivalence could have been facilitated if oddity
training did not use future class members as correct camparisons.

The problem of overlap in Experiments 3A, 3B, and 3C may be
related in same way to the problems that arose with the use of three
camparisons with the oddity task in Experiment 4A. In both cases there

was a situation in which there was no single right answer. In the case
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of Experiment 4A, the confusion occurred within the individual trial,
and in Experiments 3A, 3B, and 3C, the confusion occurred between
contexts (e.g., Group 1 went with Group 2 and Group 1 also went with
Group 3). The possibility still exists that the ambiguity of the lack
of a single correct answer may have led to confusion in both cases. In
Experiments 3A, 3B, and 3C, the use of a contextual stimulus was still
not enough to clarify the relations, although separating the conditions

over time was.

Methodological Issues

Acquisition

Same of the experiments, particularly 3A and 4A revealed
difficulties with the training and testing tasks. Subsequent
experiments or subjects who participated later typically had an easier
time. These difficulties were inferred to be largely functions of the
procedures. In many cases, the difficulties seemed due to the
programming errors experienced by the earlier subjects. Shortening
session times and lowering criteria for performance between Experiment
1A and Experiment 1B did not cause difficulties, and seemed to decrease
the aversiveness of the tasks. Given the difficulties of establishing
fifth-term control reported in the literature (Bush et al., 1989;
Kennedy & laitinen, 1988; Serna, 1987), the demonstration that fifth-
term control can be readily established enhances the usefulness of
fifth-term control as both an explanatory device and as a teaching

method.
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Breaking down tasks into smaller, more manageable sizes helped in
both training and testing. The tactic was used in both Experiments 3A
and 4B with training with success, and in Experiment 4B with testing.
Saunders and Spradlin (1989) also used the method with success, and
found that doing so was the only effective way of training with subjects
who had difficulty learning the relations. A number of other
methodological adjustments could possibly make the formation of stimulus
classes easier and less time consuming. Finding such shortcuts could
make the procedures much more relevant and useful for classroam
applications. The use of errorless techniques and verbal prampting

could improve performance.

Class structure

Experiments 1A, 1B, and 2 utilized minimum sized classes in order
to examine the simplest cases of higher-order control. Given the small
size of the classes, two groups of two stimuli always were related,
regardless of conditional stimuli. No matter how the stimuli were
grouped, two groups of two stimuli would always remain together. Also,
because of the small pool of stimuli, the samples during training were
also used as incorrect camparisons, even though they could be excluded
since they were never correct. This again was unavoidable.

These procedures led to a possible confound in terms of exclusion.
Subjects may have learned to respond away fram certain relations rather
than to respond based on the experimenter-defined contingencies.
Harrison and Green (in press) found that subjects could learn to perform
on test trials strictly by noting which cambinations of stimuli occur

more often. A sample stimulus may occur more often with the correct
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camparison than with incorrect camparisons programmed to appear
randamly, and subjects learn to relate the stimuli which appear together
consistently. The following section will address the role of exclusion

in this dissertation.

Exclusion

Exclusion of Al and A2 during four-term training only occurred
when two three-member classes were trained, but not when four three-
member classes were trained. Why this should be the case is not clear.
Perhaps learning the conditional relations is easier than learning a
number of unrelated rules about the stimuli. Also, the later
experiments were very camplex, and an exclusion strategy would have
required memorizing far more relations than that involved in simply
learning the experimenter-defined contingencies.

The exclusion of Al and A2 during Experiments 1A, 1B, and 2
prabably made the acquisition of the training phases easier, but did not
likely have much effect on class formation given subject responses
during testing. Subjects could not exclude Al and A2 during symmetry
testing because both stimuli were used as correct camparisons on
symmetry probe trials. Subjects did choose Al and A2 during testing,
and did so on trained relations as well. The subjects did not exclude
Al or A2 during transitivity testing. Although Al and A2 could be
excluded during training, they could not be excluded during testing, and
subjects did not do so. Harrison and Green (in press) found that
subjects learned to respond based on extraneous cues in those cases in
which derived performances developed gradually. The subjects in this
dissertation performed with little difficulty in most testing tasks,
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