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ABSTRACT

An Investigation of the Five-Term Contingency and the

Conditional Control of Equivalence Relations

by

Richard W. Serna, Doctor of Philosophy
Utah State University, 1987
Major Professor: J. Grayson Osborne
Department: Psychology

In recent years, there has been an increasing
interest in the study of human operant behavior. One
area of study reflecting this interest is the study of
the formation of equivalent classes of stimuli by human
subjects. The focus of the present research was the
study of the conditions under which classes of
equivalent stimuli can be inferred to be under
conditional control.

In Experiment 1-A, three college students were
trained to respond to a balanced five-term contingency
via a visual-visual simultaneous matching-to-sample task
with two choices of comparison stimuli. Probe tests
showed that subjects’ behavior could be described as
being controlled by positive and negative stimulus
relations. When the second-order stimulus was removed
during subsequent probes, none of the three subjects

demonstrated strong correct responses to the four-term



xiv

unit relations. Also, none of the three subjects
demonstrated the expected transitive relations when the
second-order (five-term) stimulus was removed. In
Experiment 1-B--with the same three subjects--explicit
training of the four-term unit relations showed the
expected transitive relations in the absence of the
second-order stimulus.

In Experiments 2 through 5--using a matching-to-
sample task similar to that used in Experiments 1-A and
1-B--five subjects were trained to respond to comparison
stimuli C and E in the presence of sample A and second-
order stimulus X and to comparison stimuli B and F in
the presence of sample D and second-order stimulus X.
Likewise, the subjects were trained to respond to
comparison stimuli B and F in the presence of sample A
and second-order stimulus Y and to comparison stimuli C
and E in the presence of sample D and second-order
stimulus Y. Probe tests for transitive relations showed
that four of the five subjects eventually demonstrated
four three-member classes of equivalent stimuli that
functioned separately under the control of the second-
order stimuli. The four subjects demonstrating the
classes of equivalent stimuli either a) demonstrated the
transitive relations immediately or b) demonstrated the
transitive relations after explict retraining of the

underlying four-term unit relations.



The results of all experiments together indicated
that the composition of classes of equivalent stimuli
can be conditionally controlled by either a) removing
the second-order stimulus or b) training subjects to
respond to classes of equivalent stimuli under the
control of other explicit visual second-order stimuli.
The results are discussed in terms of verbal behavior,

emergent behavior, and conceptual development.

(236 pages)
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INTRODUCTION

In recent years, the field of the experimental
analysis of behavior has seen an increasing interest in
the analysis of human behavior. This interest coincides
with the current dominance of cognitive-related areas
within the scientific study of psychology. Within the
experimental analysis of human behavior, a number of
research issues such as rule-governed behavior, self-
control, instructional control, and stimulus equivalence
are receiving increased attention. Each of these areas
involves the study of phenomena that relate primarily to
human behavior. Particularly in studies investigating
stimulus equivalence phenomena, the focus has been on
aspects of human behavior traditionally studied as
language and cognitive behavior. Nevertheless, while
the focus may be on behavior traditionally studied
within the realm of non-behavioral psychology, the
theoretical and conceptual view of such phenomena
remains solidly grounded in the experimental analysis of
behavior. The focus of the present research is the
study of stimulus equivalence relations in humans.

In studying stimulus equivalence, operant
researchers have relied primarily on the use of match-
to-sample procedures. On a typical match-to-sample
trial, a subject is presented with a sample stimulus and

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



to "match" by choosing the correct comparison stimulus
in the presence of a given sample. A correct choice is
followed by some form of reinforcement while an
incorrect choice is not followed by reinforcement. In
this manner, a number of different stimulus-stimulus
relations have been taught between the sample stimulus
and the correct comparison stimulus. Using the above
procedures, relations can be formed between sets of
stimuli such that two sets, A and B, are matched to each
other while sets A and C are also matched. Tests for
trénsitivity have been conducted (cf. Sidman, 1971) in
which C and B stimuli are found to be related without
direct training through the common relation with A
stimuli. If reflexivity (matching a stimulus to itself)
and symmetry (interchangability of sample and
comparison) can also be shown in addition to
transitivity, then a class of equivalent stimuli has
formed.

Sidman (1971) used the above procedure with a
mentally retarded subject to test for the emergence of
untrained relations between pictures of various objects
(B stimuli) and corresponding printed picture names (C
stimuli) given their common training to dictated object
names (A stimuli). The result was twenty, three-member
classes of stimuli. Sidman (1971) discussed the results
of his study in terms of elementary reading

comprehension. Using stimulus equivalence training



procedures, a number of other investigators have
demonstrated the emergence of untrained relations
between stimuli (Devany, Hayes, & Nelson, 1986; Dixon,
1978; Dixon & Spradlin, 1976; Fucini, 1982; Gast,
VanBiervliet, & Spradlin, 1979; Green, 1985; Lazar,
Davis-Lang, & Sanchez, 1984; Lazar & Kotlarchyk, in
press; McDonagh, McIlvane, & Stoddard, 1984; Sidman,
Cresson, & Willson-Morris, 1974; Sidman & Cresson,
1973; Sidman & Tailby, 1982; Sidman, Kirk, & Willson-
Morris, 1985; Spradlin, Cotter, & Baxley, 1973;
Spradlin & Dixon, 1976; Stromer & Osborne, 1982;
VanBiervliet, 1977; Wetherby, Karlan, & Spradlin, 1983)
Several investigators (e.g., Spradlin &
VanBiervliet, 1980; Sidman, 1986; Wetherby, 1983;
Wetherby et al., 1983) have suggested that many human
behaviors traditionally referred to as "cognitive'"--such
as linguistic and conceptual behavior--should be studied
using stimulus equivalence procedures. The logic behind
this suggestion is that stimulus equivalence classes can
be viewed as the demonstration of conceptual behavior:
a concept has been formed that includes, for example,
the three stimuli demonstrated in one of the classes
formed in Sidman (1971). A subject who demonstrates
stimulus equivalence between the dictated name "dog", a
picture of a dog, and the printed word, D-0-G, could be

said to "understand the meaning of" or be demonstrating



an "understanding of the concept of" dog. If additional
stimuli are added to the three-member class (cf. Sidman
& Tailby, 1982), the concept can be said to have been
broadened. Humans emit such behavior that is described
as linguistic or conceptual. It seems logical that such
behavior is potentially under the control of factors
that lead to stimulus equivalence. The variables that
are responsible for language and conceptual development
will likely be found through a determination of the
conditions that aid and restrict the development. of
stimulus equivalence relations (Wetherby, 1983). To a
large, though by no means complete, extent, the numerous
studies that have investigated stimulus equivalence have
successfully investigated such conditions.

While the notion of the class of equivalent stimuli
as a concept has proven useful, it is not sufficient in
an analysis of complex linguistic and conceptual
behavior. For humans, the composition of equivalence
classes does not remain the same in all contexts of
usage. Using an example from Fucini (1982), the
substance mercury can be classified (can be in a
relation with) lead and gold. These three substances
can be viewed as a class of equivalent stimuli of three
members. If a single term was used to describe the
"concept" it would be metal. However, mercury can also
be classified as a liquid; as such, it is in an

equivalence relation with other liquids. While mercury,



in this case, can be a member of both classes, it does
not follow that another member of the liquid class would
be in a relation with another member of the metal class
of stimuli. With which class of stimuli mercury will be
classified depends on the context in which the stimulus
mercury is presented. If it is presented in the context
of liquid, then it is classified as such. If it is
presented in the context of metals, then it is
classified as a metal. The composition of the class of
equivalent stimuli is conditional upon contextual cues.
Contextual cues might include: (a) the presence of
certain members of a given class; (b) explicit single
stimuli such as the words, "metal" versus "liquid"; or
(c) the presence versus absence of conditional cues.

The conditions that are necessary for the
conditional control of equivalence relations are poorly
understood (Green, 1985). Only a few such studies have
been reportéd (Fucini, 1982; Lazar & Kotlarchyk, in
press). What is necessary is an examination of the
conditions that lead to the conditional control of
equivalence relations. An operant analysis of such
conditions using the methodology of investigations of
equivalence relations should be used.

Recall that the procedures used to form classes of
equivalent stimuli made use of the conditional

discrimination in a match-to-sample task. As noted



earlier, the composition of classes of equivalent
stimuli is potentially under the control of contextual
or conditional cues. Logically, a demonstration of the
conditional control of equivalence relations must
involve the conditional control of the conditional
discrimination. Sidman (1986) discussed how the
conditional control of conditional discriminations
should be conceptualized. In this conception, just as
the three-term contingency is controlled by a fourth
term to form a conditional discrimination, so is the
four-term contingency controlled by the fifth term
(called the second-order stimulus). Thus, Sidman
(1986) provided the conceptual tools with which the
conditional control of equivalence relations can be
studied. However, only a few studies (Nevin & Liebold,
1966; Santi, 1978, 1982) have been conducted that fit
the conceptualization of the five-term contingency as
noted by Sidman (1986). These studies demonstrated
second-order control of identity versus oddity matching.
No study has investigated the five-term contingency in

an arbitrary matching task.



STATEMENT OF THE PROBLEM

The formation of classes of equivalent stimuli has

been demonstrated in numerous studies (Devany, et al.,
1986; Dixon, 1978; Dixon & Spradlin, 1976; Fucini,
1982; Gast, et al., 1979; Green, 1985; Lazdr, et al.,
1984; Lazar & Kotlarchyk, in press; McDonagh, et al.,
1984; Sidman, et al., 1974; Sidman & Cresson, 1973;
Sidman & Tailby, 1982; Sidman, et al., 1985; Spradlin,
et al., 1973; Spradlin & Dixon, 1976; Stromer &
Osborne, 1982; VanBiervliet, 1977; Wetherby, et al.,
1983). In addition, it has been suggested that

behaviors traditionally viewed as linguistic and

cognitive (such as conceptual behavior) can be studied

in of stimulus equivalence (Spradlin & VanBiervliet,

1983; Wetherby et al.,

1980; Sidman, 1986; Wetherby,

1983) .
The problem is that while the notion of the

stimulus equivalence class as a concept is useful, it is

not sufficient for a study of
conceptual behavior. What is
of the control of equivalence
second-order stimuli. Only a

1982; Lazar & Kotlarchyk, in

conducted.

complex linguistic or
needed is an investigation
relations by other,

few such studies (Fucini,

press) have been

The basic paradigm for the study of the

conditional control of equivalence relations was

provided by Sidman (1986).

While second-order control



of conditional discriminations has been demonstrated in
identity and oddity matching (Nevin & Liebold, 1966;
Santi, 1978, 1982), the five-term contingency, as
conceptualized by Sidman (1986) in an arbitrary match-
to-sample task has not been investigated.

The present research investigated the five-term
contingency and conditional control of equivalence
relations by explicit second-order stimuli. In the
first experiment, college students were reinforced for
responding to correct choices in a five=-term contingency
task. When the task was learned, tests were conducted
to: (a) determine whether an inference of positive and
negative stimulus relations could be made in the
presence of the second-order stimulus (cf. Stromer &
Osborne, 1982); (b) determine the effect of removing
the second-order stimulus; and (c) determine whether the
presence or absence of the second-order stimulus
controlled equivalence relations. In Experiments 2, 3,
4, and 5, new subjects were trained to match sets of two
stimuli to the same stimulus set (e.g., A to B and A to
C) with the composition of each set dependent upon the
presence of a specific second-order (contextual)
stimulus. Tests were conducted to: (a) determine if
transitive relations were present between pairs of
stimuli not explicitly trained; and (b) whether the

transitive relations were exclusive toc classes of



equivalent stimuli under the separate control of second-
order stimuli, even when the classes had stimuli in
common. Where subjects failed to demonstrate
appropriate transitive relations, functional analyses
were conducted to determine conditions that would lead
to appropriate transitive responding.

In short, it was the purpose of the present
research to investigate the controlling relations in

conditional discriminations under conditional control.
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REVIEW OF THE LITERATURE

The Five-Term Contingency

Consider the basic unit of analysis for modern
behavior analysis, the two-term reinforcement
contingency (Skinner, 1938). If, for example, a
laboratory rat presses a lever, it immediately is
presented with food. What makes this a contingency is
that the food is not presented if the rat does anything
else. Within the limits of the deprivation state of the
rat, the consequence (food) will affect the future
likelihood of the behavior (pressing the lever).

One of the major goals of behavior analysis is the
control of behavior (Skinner, 1938). 1In order to
control behavior, more is needed than simply the
response-consequence relation described above. To
accomplish this, the response-consequence relation can
be placed under discriminative control. For example, in
the presence of a red light, a response to the lever by
the laboratory rat leads to food, and, just as important
to the process of establishing discriminative control,
in the presence of a green light, a response to the
lever does not lead to food. The red light does not
elicit the response; rather it activates the response-
consequence (lever-food) relation. Thus, the
probability of the occurrence of the two-term, response-

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

becomes the third term in a three-term contingency and
as such is a part of the unit of analysis. This, the
three-term contingency, is noted as the fundamental unit
of stimulus control (Skinner, 1938).

Beyond the analytic level of the three-term
contingency, Sidman (1986) has conceptualized a
hierarchy of controlling relations which specify
different levels of conditional stimulus control. For
example, the three-term contingency itself can be placed
under discriminative control. Using the same logic as
in the expansion of the two-term contingency to the
three-term contingency, Sidman (1986) refers to the
three-term contingency under discriminative control as a
four-term contingency. As shown in Table 1, the three-
term stimulus, S1, activates the two-term contingency,
response-consequence relation, but, only in the presence
of the fourth term stimulus, S3. Also, S2 activates the
two-term contingency, but only in the presence of S4.

In practice, the four-term contingency describes

the conditional discrimination, a representative example

being the match-to-sample task (cf. Cumming & Berryman,
1965). In the match-to-sample task, a subject is first
presented with a sample stimulus to which, in whatever
manner the contingency specifies, the subject must

respond. Then, two or more comparison stimuli are



Table 1*

A Balanced Four-Term Contingency (Conditional

Discrimination)
Four-Term Three-Term
Stimulus Stimulus Response Consequence
S1 ————————- R  ————————- > SR+
S3  —mm———-
S2 ————————- R =-=--=/=-—=-> SR+
R R R —=-=/====> SR+
S4 ——————-
S2 ————————- R  ———————— > SR+

Note. *Adapted from Sidman (1986)



presented and the subject responds to one in order to
obtain the reinforcer. Which choice is correct depends
upon which sample is present. Such a procedure is
widely used in the study of the conditional
discrimination (Cumming & Berryman, 1965).

The hierarchy of conditional control progresses
with what Sidman (1986) refers to as the five-term
contingency. At that level, the conditional control by
a fifth-term stimulus is exerted over the entire four-
term contingency. Thus, conditional discriminations
themselves are under the conditional control of
different stimuli. For example, as shown in the
uppermost path of Table 2, the activation of the two-
term contingency, in the presence of the third term
stimulus, S1, will only be activated in the presence of
the fourth-term stimulus, S3. Yet, this four-term
contingency itself can only be activated in the presence
of the fifth-term stimulus, S5. (Whether the four-term
contingency remains "intact" in the absence of the
fifth-term stimulus is an empirical question and a focus
of the present research. As such, it will be discussed
in greater detail later.) As is the case with the three-
and four-term contingencies, a second case of the five-
term contingency leading to reinforcement must be
present in order to make the contingency conditional:
hence the presence of S6 in Table 2. The five-term

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

The Five-Term Contingency

Five-Term Four-Term Three-Term
Stimulus Stimulus Stimulus Response Consequence
§1 wecssEEse R sesEsEews > SR+
§3 =emmen=
§2 sresrmans R #Res /=-==> SR+
§5 ~wmme
S E=cafEoss R e Jo=e=b SR¥
54, weuwwmus
§2 ssEmssmsw R smsmess i > SR+
§1 --------- R ---- /----> SR+
83 swsmmas
S2. ESsERmssE R AsssssEEs > SR+
§6 r~=wes
81 ~=S=cssse R SomsEeses > SR+
S4 ~mmmmes
§2 -mmmmmmmm R emms J~===> SR#

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

stimulus, then, is the second-order stimulus.

Although a large number of studies have
investigated four-term contingency relations, only a few
studies (Fucini, 1982; Lazar & Kotlarchyk, in press;
Nevin & Liebold, 1966; Santi, 1978; 1982) have
investigated five-term contingencies, and then not in
arbitrary matching to sample.

Within research investigating stimulus control
factors in the four-term contingency, two major areas of
focus are relevant to the present research: (a)
controlling relations between stimuli; and (b) stimulus
equivalence. The study of controlling relations
involves ascertaining whether a relation between the
sample and the correct comparison or a relation between
the sample and the incorrect comparison or both is
responsible for subjects’ performances in a match-to-
sample task. Stimulus equivalence refers to the
functional equivalence between members of a class of
stimuli as evidenced, in part, when sample stimuli
become equivalent to their corresponding comparison
stimuli. If they are equivalent, then the defining
properties of equivalence--reflexivity, symmetry, and
transitivity--will be evident (these properties are

defined below).

15
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Controlling Relations Within the Four-Term Contingency

One focus within the study of conditional
discriminations at the four-term contingency level has
been to ascertain the sample-comparison relations that
control responding in a match-to-sample task. Two
relations that have been identified are the positive
relation between samples and correct comparisons and the
negative relation between samples and incorrect
comparisons (Berryman, Cumming, Cohen, & Johnson, 1965;
Dixon & Dixon, 1978; Stromer & Osborne, 1982). The
positive relation describes the situation in which the
sample acts as a cue for which one of the (several)
comparisons is the correct choice. Under the negative
relation, the sample acts as a cue for which comparison
not to select. Whether one or both of these relations
or "rules" controls responding has been the focus of
some investigation.

Berryman et al. (1965) trained pigeons to select
the nonmatching comparison hue in a conditional
discrimination where, of the two comparisons, one was
identical to the sample and the other was different.
After 20 sessions of this training, a novel color was
substituted for the correct choice, i.e., the
nonmatching hue. If the sample was instructing which
comparison not to select (negative relation), then

responding should not have been disrupted with this
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change. If the sample was instructing only which
comparison was the correct choice (positive relation),
then responding would be incorrect. The results, which
showed reduced correct responding, suggested that the
sample functioned to instruct which comparison was
correct and not to instruct which comparison was
incorrect.

While only the positive relation was evident in the
results of Berryman et al. (1965), Dixon and Dixon
(1978) sought to discover the negative relation in the
control of conditional behavior of young children. In
their first match-to-sample experiment, six preschool
children were trained to choose one of two comparison
stimuli that was identical in shape to the sample
stimulus. After subjects met a criterion of 100%
correct responding for one session, the schedule of
reinforcement (correct feedback) was reduced to 33% of
correct trials until subjects met a criterion of 100%
correct responding for two consecutive sessions. During
one test session, eight probes were randomly
interspersed among the training trials. The probe
trials contained a novel stimulus that was substituted
for the correct (identically matching) comparison. If
the subjects had learned during training which of the
comparisons not to respond to (the negative relation
between sample and comparisons), then they should have

demonstrated a high percentage of responding to the




novel stimulus. For five of the six subjects, this was
the result indicating the presence of a negative
controlling relation between the sample and the
incorrect comparison). However, Dixon and Dixon (1978)
noted a potential confound between the presumed negative
relation and the mere novelty of the substitute
stimulus. Thus, in the second experiment, three
preschool children were given identity matching training
with additional stimuli. These additional stimuli were
subsequently used as substitute stimuli. In this way,
the substitute stimuli were not novel as in the first
experiment. This controlled for the possibility that
the subjects in the first experiment responded on the
basis of stimulus novelty and not according to a
relation between the sample and the incorrect
comparison. The results were the same as in the first
experiment: high rates of responding to the substitute
stimuli. Thus, evidence for the existence of a relation
between samples and incorrect comparisons was
demonstrated for children.

While Berryman et al. (1965) showed only a positive
relation controlling the responding of pigeons, and
Dixon and Dixon (1978) demonstrated the negative
relation with young humans, Stromer and Osborne (1982)
sought to demonstrate both the positive and negative

controlling relations at the same time in an arbitrary

18
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match-to-sample task with developmentally delayed
adolescents. In arbitrary match-to-sample, subjects are
taught to respond to an arbitrarily designated
comparison stimulus in the presence of a sample which is
not physically identical (Cumming & Berryman, 1965).

In a two-choice task, Stromer and Osborne (1982)
first taught subjects to select comparison Bl in the
presence of sample Al and to select B2 in the presence
of A2. After subjects met a criterion of 95% correct
responding under continuous reinforcement (correct
feedback) conditions, the condition was changed such
that reinforcement occurred on only 33% of the trials.
Then, various testing conditions were introduced.

First, a test for symmetry of the sample and correct
comparison was run in which unreinforced probes with the
sample and correct comparison reversed were inserted
into a baseline of training trials. Appropriate
matching occurred to the probes. Next, a test for
control by the sample--S+ (positive) relation was run.
This consisted of probes containing the sample, the
correct comparison, and a novel stimulus which had
previously been determined to be most preferred against
another novel stimulus in the presence of a sample.
Control of the subjects’ comparison selections by the
positive relation would be demonstrated if the subject
continued to respond to the correct comparison with a

novel comparison substituted for the incorrect
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comparison. (It is important to note that the use of a
"most-preferred" novel stimulus as the incorrect
comparison might actually bias responding away from the
appropriate choice.) In addition, similar probes were
inserted which tested the positive relation with the
symmetrical sample-comparison relation. The results
showed that virtually all responding occurred to the
appropriate correct comparison. This suggested that the
positive relation was in effect.

Next, a test for control by the sample and S-
(negative) relation was introduced. The probes for this
test consisted of the sample, the incorrect comparison,
and a novel stimulus which was previously determined to
be the '"least-preferred" in the presence of the sample.
In this test, control of the subjects’ choices by the
negative relation would be demonstrated if the subjects
responded to the novel comparison (away from the
familiar incorrect comparison). The use of the least
preferred novel stimulus in place of the correct
comparison should bias responding away from that
stimulus. The results showed that all subjects
responded to the novel comparisons instead of the
incorrect comparison stimulus. This suggested that the
negative relation was controlling responding on these
probes.

In sum, within the four-term conditional
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discrimination, positive and negative sample-comparison
relations have been a focus of research using match-to-
sample procedures. Berryman et al. (1965) did not find
evidence of the negative relation using pigeons as
subjects. This is consistent with other studies using
pigeons which sﬁggest that the sample instructs only
which comparison is correct and not which is incorrect
(Cumming & Berryman, 1965; Farthing & Opuda, 1974;
Urcuioli & Nevin, 1975). With human subjects, however,
responding seems to be a function of both positive and
negative sample-comparison relations (Dixon & Dixon,

1978; Stromer & Osborne, 1982).

Stimulus Equivalence Relations in the

Four-Term Contingency

Another area of study within the four-term
conditional discrimination involves training subjects to
demonstrate classes of equivalent stimuli. In order to
demonstrate that the stimuli in a class are equivalent,
training and testing must be arranged such that the
controlling relations of reflexivity, symmetry, and
transitivity are demonstrated (see Table 3) (Sidman et
al., 1982; Sidman & Tailby, 1982). For example,
reflexivity can be demonstrated only if the subject can
match new stimuli to themselves without differential
reinforcement or instructions, i.e., generalized

identity matching. Symmetry requires that the subject




22

Table 3

The Equivalence Relation®

Equivalence Relation Properties

Number Property Expression
1. Reflexive aRa
2. Symmetric if aRb, then bRa
3 s Transitive if aRb and bRc,
then aRc

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

the equivalence relation in particular.
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show functional reversibility of the sample and correct
comparison. If, for example, the subject was taught to
match A to B then the subject must be able to
demonstrate matching of B to A without instruction or
differential reinforcement. Finally, if subjects are
taught to match A to B and B to C, a transitive relation
is demonstrated if C is chosen in the presence of A
without instruction or differential reinforcement. Each
of the foregoing relations is necessary to fulfill the
requirement that the stimuli are related by equivalence.

Sidman (1971) conducted the first study that showed
the emergence of untrained behavior using an auditory-
visual matching-to-sample task. Figure 1 shows a
schematic representation of the basic equivalence
paradigm. The subject, a retarded adolescent boy,
entered the experimental situation able to select 20
pictures conditionally given each of 20 corresponding
dictated picture names. This is represented by the line
labelled AB in Figure 1. The subject was then taught to
select 20 printed names conditionally given each of the
20 dictated picture names (AC in Figure 1). Given the
training of AB and AC the subject was then able to match
the pictures to their appropriate printed picture names
(BC) and the printed names to the pictures (CB) in probe
tests for transitivity. The transitive relation is

termed emergent or derived because it has neot been
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Figure 1. Basic stimulus equivalence paradigm. Trained
relations (solid lines) and untrained relations (dashed
lines) are shown between different stimuli.
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taught directly. The training in Sidman (1971) resulted
in the formation of 20 three-member classes of
equivalent stimuli. This study was replicated by Sidman
and Cresson (1973) with two severely retarded boys.

The study by Sidman (1971) demonstrated 20 separate
classes of equivalent stimuli. As shown by the broken
arrows in Figure 1, tests were conducted for both CB and
BC. This constituted a combined test for symmetry and
transitivity since the CB relation was tested in reverse
(BC) and both represented tests for the unlearned
transitive relation resulting from AB and AC training.

A number of studies investigating stimulus equivalence
using Sidman’s (1971) basic equivalence paridigm have
since been conducted. For example, Sidman and Cresson
(1973) trained auditory-visual matching with two
severely retarded subjects. Unlike Sidman (1971) where
AB and AC training was followed by BC and CB tests for
transitivity (see Figure 1), Sidman and Cresson (1973)
first trained the AB and BC relations. The remaining
relations did not emerge with only AB training but did
emerge with BC training. This demonstrated the
necessity of training two of the three possible
relations before an equivalent class of stimuli will
emerge.

One notable feature of the above studies was that
each achieved equivalence classes using auditory and

visual stimuli. A number of other studies (Dixon, 1978;
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Dixon & Spradlin, 1976; Sidman, Kirk, & Willson-Morris,
1985; Sidman & Tailby, 1982; Spradlin & Dixon, 1976)
have trained equivalence classes using auditory-visual
matching. Would conditional discrimination training
result in equivalence classes if all stimuli used were
visual? Spradlin, Cotter, and Baxley (1973) trained
mentally retarded adolescents to match nonidentical
forms. Using only these visual stimuli, untrained
relations emerged. In the second experiment of Stromer
and Osborne (1982) (discussed earlier), mentally
retarded subjects were trained on two conditional
relations. Each of the two relations trained contained
one element in common with the other. Probes for
transitivity showed most of the subjects demonstrated
the emergent relations.

A number of studies have investigated methods of
expanding stimulus classes through transitive relations.
For example, Sidman and Tailby (1982) trained normal
children to select three Greek letters from Set B and
three Greek letters from Set C conditionally given three
dictated names in Set A. Given this training, a
transitive relation between the B and C stimuli and
three equivalent classes of ABC stimuli would be
possible. In addition, the subjects were trained to
select three Greek letters in Set C conditionally given

a fourth set of Greek letters, Set D. The question was




whether the stimuli in the fourth set, D, would become
incorporated into the ABC class of stimuli as a result
of conditional discrimination training to C. This was
confirmed by the subjects’ performances on probes for
the remaining relations: three, 4-member classes of
stimuli (ABCD) were formed.

Also with children, but using all visual stimuli
(Greek and Hebrew letters), Lazar, Davis-Lang, and
Sanchez (1984) initially trained AD and DC relations.
Testing for the untrained AC and CA relations
established a three-member class of stimuli (ADC). As
in Sidman and Tailby (1982), a fourth set of stimuli (E)
was added by training the ED relation. This training
established the ACDE class of equivalent stimuli.
Finally, a fifth set of stimuli (B) was added by
training the CB relation. Tests for the remaining
transitive and symmetric relations showed that the
training was successful for two of the subjects. With
additional training and tests, two other children
eventually demonstrated the remaining relations. This
study demonstrated that training four relations resulted
in the emergence of twelve symmetric and transitive
relations.

With this type of conditional discrimination
training, the classes could theoretically be expanded to
n equivalent stimuli. Logically, as class size

increases, there is a geometrical increase in the number
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of possible emergent relations (Fields, Verhave, & Fath,
1984). This increase was demonstrated with addition of
a fourth member of the class ( Lazar et al. 1984;

Sidman & Tailby, 1982) and the fifth member of the class
(Lazar et al., 1984).

Another approach to expanding classes with emergent
relations was demonstrated in a study by Sidman, et al.,
(1985) (see Figure 2). Using three sets of stimuli, A
(spoken names), B (upper-case Greek symbols), and C
(lower—-case Greek symbols) with three stimuli per set,
Sidman et al. (1985) first trained AB and AC matching
with normal children and adults. If the relations among
these stimuli were equivalent, then three, 3-member
classes, ABC, would be demonstrated. The subjects did in
fact demonstrate such relations. Subsequently, with
three different sets of stimuli, D (spoken names), E
(upper-case Greek symbols), and F (lower-case Greek
symbols), Sidman et al. (1985) trained DE and DF
relations with the same subjects. This established a
second group of three, 3-member classes of stimuli, DEF.
Could the two classes of stimuli, ABC and DEF be
combined into a single, 6-member class with minimal
training? The procedure for accomplishing this was to
train subjects to choose C stimuli conditionally upon
the presence of E stimuli. The two groups of stimuli

were successfully combined with this procedure for five




29

/ N\

M XIIZm —»s @ Sl '

£\

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



of eight subjects. Thus, two classes of three stimuli,
ABC and DEF, became one class, ABCDEF, by "linking" the
two classes through the conditional discrimination
training of members from each class, C and E.

Summary. Within the level of the four-term
contingency, the stimulus equivalence procedure has
proven to be a powerful technique in the development of
new controlling relations without explicit training. As
shown, this procedure has been successfully used with
retarded humans to teach rudimentary reading
comprehension (Sidman, 1971; Sidman & Cresson, 1973;
Sidman, Cresson, & Willson-Morris, 1974). Also, Sidman
and Tailby (1982) and Lazar et al. (1984) and Sidman et
al. (1985) demonstrated that stimulus equivalence
procedures which expand the number of elements in a
class produce many more relations than were explicitly
taught. The stimulus equivalence procedure at the four-
term contingency level has also been used to train a
number of applied skills such as solving math problems
and coin equivalences (e.g., Gast et al., 1979;

McDonagh et al., 1984) as well as conceptual behavior in
humans (Green, Serna, & Osborne, 1985; Spradlin &

Dixon, 1976).

Second-0Order Conditional Control

Recall that in the five-term contingency (the unit

of second-order control) the four-term, conditional
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discrimination is itself under conditional, or second-
order control. Only a few studies have demonstrated
such control using second-order conditional
discrimination procedures. Moreover, the procedures and
goals of the studies have varied.

Santi (1978) taught pigeons to choose identical or
nonidentical stimuli as a function of the presence of a
second-order stimulus. Using different hues as stimuli,
the subjects were required to respond to a sample key.
This was followed by the presentation of identical and
nonidentical hue stimuli on the comparison keys. Also,
one of two line orientations was superimposed on each of
the comparison keys. Depending on which line
orientation was present, the subjects were required to
choose either the identical or nonidentical hue
comparison. The pigeons successfully learned this task
in 80 to 90 sessions of 288 trials each. Thus, the
four-term conditional discriminations of matching and
nonmatching were under the second-order control of the
line orientations. These findings were replicated in
the first experiment of Santi (1982). Similar findings
with identical and nonidentical stimuli have been
demonstrated using the presence or absence of a yellow
light (Nevin & Liebold, 1966).

While these studies represent a chain of responding

procedurally consistent with the notion of the five-term
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contingency, it is not likely that the pigeons were
demonstrating conditional control of "matching" or
"oddity" reiations. Though not an explicit part of the
studies just reviewed, an important test would have been
to determine if generalized "matching" or "oddity"
occurred under the conditional control of a second-order
stimulus. The likelihood is that this would not have
occurred given the Berryman et al. (1965) demonstration
that pigeons use only S+ rules. The demonstration of
five-term contingencies--four-term units controlled
conditionally by a second-order/stimulus——has, to date,
not been demonstrated in humans or with arbitrary match-
to-sample procedures.

Given Sidman’s (1986) notion of second-order
conditional control over four-term contingencies, the
question arises as to whether this type of conditional
control can be exerted over equivalence relations. Only
two studies have examined equivalence classes in
conjunction with second-order conditional control
(Fucini, 1982; Lazar & Kotlarchyk, in press). Lazar
and Kotlarchyk (in press) established two classes of
equivalent stimuli through a match-to-sample task. In
Phase 1, subjects were taught to respond to four Greek
letters given the presentation of a red hue. Subjects
were also taught to respond to four different Greek
letters given the presentation of a green hue. Phase 2

testing established the fact that two classes of five
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stimuli each (four Greek symbols and cone hue in each
class) were formed. In Phase 3, the subjects were
trained to respond to the red and green stimuli in
sequence, i.e., red then green, or green then red.
Which sequence was correct depended on which of two
tones was present. In Phase 4 testing, subjects were
presented with a Greek letter from each of the two
classes in the presence either Tone 1 or Tone 2. The
results showed that the subjects responded to the Greek
letters in the same sequence as the corresponding class-
member hues depending on which tone was present. Lazar
and Kotlarchyk (in press) described the untaught
sequence behavior as being under second-order control.
Recall that in Sidman and Tailby (1982), 4-member
classes (ABCD) were formed by training AB AC and CD.
Viewing this class from a different perspective, it
could be conceptualized as two classes, ABC and ACD,
that have the stimuli A and C in common. In practice,
as noted from the results of Sidman and Tailby (1982),
ABC and ACD function as only one class. Given this
perspective, Fucini (1982) posed the following
questions: (1) Will two classes that have a single
stimulus in common merge into one large class; and (2)
are there procedures that would make the two classes of
stimuli function separately, even if they have a

stimulus in commen? Using second-order conditional




control procedures, Fucini (1982) was able to accomplish
this.

In the first Experiment (see Figure 3), Fucini
trained five children and one adult to respond to Bl and
X1 given Al (see upper set of classes in Figure 3).
Correspondingly, they were trained to choose X4 and F4
given E4 (lower set of classes in Figure 3). X4 and X1
were the same stimulus. Thus, Fucini (1982)
conceptualized this as two separate classes of stimuli
containing one stimulus in common (X). She also trained
subjects to respond to two classes of stimuli with no
element in common (A2,B2,C2 and E3,D3,F3). The results
from Sidman and Tailby (1982) would predict that the
classes that had X in common would form a larger 6-
member class and that the classes that had no stimuli in
common would remain separate. The results showed this
to be the case.

In the second experiment, second-order conditional
discrimination procedures were introduced with four new
subjects (children) to produce separate classes from two
that had a stimulus in common. This procedure is shown
in right-most set of classes in Figure 4. The left-most
sets of classes are identical to those in Figure 3.

The right-most set of classes contains trials that are
not simple conditional discriminations. Rather, they
are second-order conditional discriminations because the

correct choice depends on the sample and a specific

34




|

X1 C2

X4 D3
A7t

E4 E3.] |
. T
F4  F3

Figqure 3. Two sets of stimuli trained in Experiment 1 of
Fucini (1982). (Adapted from Fucini, 1982)
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Figure 4. Second-order training procedures (right-most set
of stimuli) from Experiments 2 and 3 of Fucini (1982).
(Adapted from Fucini, 1982)
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incorrect comparison. In these trials, Al and E4 are
conditionally related to different stimulus

confiqurations containing X. If the stimulus control by

Al and E4 differs, then a relation between them would
not be expected to develop. Thus, the classes Al,Bl,X1
and E4,X4,F4 should prove functionally different even
though they have X in common. Results from testing for
transitive relations between all the stimuli showed this
to be the case for four out of five subjects: two
functionally separate classes with one element in common
emerged (Fucini, 1982).

In the third experiment, the same procedure was
used to separate the 6-member class of stimuli
established in Experiment I into two, functionally
separate, 3-member classes with one element in common.
The results showed that this procedure was successful
for the children but not the adult subject.

One additional study attempted to examine second-
order control of conceptual behavior. In the first two
experiments (run concurrently), Green (1985) trained
four- and five-year old normal children to respond
correctly in an identity match-to-sample of colors and
shapes in the presence of a superordinate, "contextual"
stimulus. For example, in a typical trial, a subject
was presented with the word, "RED" (the superordinate

stimulus) on a plexiglass key. A response to this
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stimulus produced a single red sample stimulus on a
different key. A response to the red sample produced
two comparison stimuli on two additional comparison
keys. The comparisons were the color red and the color
blue. A response to the color red on the comparison key
resulted in reinforcement (tokens) while a response to
blue in this trial would result in a blackout and the
re-presentation of the trial. Similar trials with
appropriate superordinate stimuli were presented for the
color blue (e.g., superordinate stimulus = BLUE) and the
shapes, circle and triangle. In the above cases, the
superordinate stimuli were termed "instance" words.

The subjects also received trials in which
"concept" words such as "COLOR" and "SHAPE" served as
superordinate stimuli. For example, when COLOR was the
superordinate stimulus, and the color red was the
sample, and the color blue and a triangle were the
comparison stimuli, a response to the color blue was
reinforced. When the word SHAPE was the superordinate
stimulus, the choice between a triangle and the color
blue was reinforced when the sample was a circle. This
type of training trial, combined with those described
earlier produced training trials in which an identity
match was reinforced in the presence of an "instance"
word while an arbitrary match (e.g., circle and
triangle) was reinforced in the presence of the

"concept" word.




Given this training, the experimental question was
whether the concept and instance words, by virtue of
their contiguity with the samples, would alone come to
control correct responding. In order to answer this
question, probes were inserted into the training
baseline that consisted of the concept or instance words
as samples and appropriate stimuli. For example, would
the subject correctly respond to a triangle versus the
color blue given only the concept word "SHAPE"? Also,
would the subject correctly respond to the color blue
over the color red given only the instance word "BLUE"?

The results showed that only one of the five
subjects responded above chance levels to these probes.
In other words, no relation was formed between the
concept or instance words and the samples. This was
evidence of the lack of emergence of the nominally
transitive relation between the superordinate stimuli
and the comparisons. In discussing the results, Green
(1985) noted that the superordinate stimulus, in every
trial, was a redundant stimulus. In other words, the
subjects did not have to attend to the superordinate
stimulus in order to make a correct choice between the
comparison stimuli: only the sample was necessary.
Hence, the mere contiguity of the superordinate stimulus
was not sufficient to produce "contextual" control.

From the studies that have used conditional
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discrimination procedures under the control of a second-
order conditional stimulus, i.e., a five-term
contingency, the following can be concluded. First,
within the identity and nonidentity matching task, it is
possible to control the respective matching performance
via second-order control of the four-term contingency
(five-term contingency control) (Nevin & Liebold, 1966;
Santi, 1978, 1982). The second-order stimulus seemed to
function as an "instructing" stimulus as to whether
identity or nonidentity matching would lead to
reinforcement. It appears that such instructional
control must come from a stimulus that is conditionally
related to the four-term contingency (Green, 1985).
Second, it is possible to control untaught sequencing
behavior via second-order control (Lazar & Kotlarchyk,
in press). Third, Fucini (1982) demonstrated that two
classes of stimuli, each containing a stimulus in
common, can function separately as a result of second-

order training procedures.




EXPERIMENT 1-A

Experiment 1-A addressed three experimental
questions. First, can control of subjects’ responses be
described by positive or negative relations or both in a
five-term contingency match-to-sample task? Second,
within a five-term contingency match-to-sample task, can
the existence of four-term contingency relations in the
absence of the second-order stimulus be inferred?

Third, if such four-term relations can be inferred, can
the existence of transitive relations that appear only
in the absence of the second-order stimulus also be
inferred?

The top part of Figure 5 labeled Training, shows
the minimum logical training conditions necessary to
produce a second-order conditional discrimination.
Specific second-order relations are represented in the
text and tables with letters corresponding to the
second-order stimulus, sample, and comparisons in
parentheses with an asterisk marking the correct,
reinforced comparison. For example, the first relation
in the upper part of Figure 5 would be denoted, X-A(C*
B) « The bottom part of Figure 5 is a conceptual
diagram of the potential, resulting second-order
relations.

In order to address the first experimental

question, subsequent to the training of the four second-
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order relations as shown in Figure 5, probes were
introduced that tested for a positive relation between
the second-order stimulus, the sample and the correct
comparison. These probe trial-types, adapted from
Stromer and Osborne (1982), contained a most-preferred
novel stimulus as an incorrect comparison. For example,
in X-A(C Nmp), Nmp was the most preferred novel stimulus
as assessed in previous probe conditions. Comparison C
was scored as a correct response though no feedback was
provided to the subject. By using a most-preferred novel
stimulus as an incorrect comparison, responding was
actually biased away from the potential positive
relation.

Probes for negative relations included the
incorrect comparison and a least-preferred novel
stimulus as in X-A(B Nlp). Responding to the least-
preferred novel stimulus would indicate that the subject
responded away from the incorrect comparison and that a
negative stimulus relation could be inferred between X
and A and B. If responding was equally distributed
between the two choices in either of the above cases,
then the likelihood would be less that responses were
being controlled by positive or negative relations.

The second experimental question concerned the
possible existence of four-term relations in the absence
of the second-order stimulus. In order to address this

question, the four-term relations were presented alone
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(i.e., with no second-order stimulus) in probe trials.
For exampie, A was presented as the sample with B and C
as comparisons. This is denoted as 0-A(B C). Also
presented 0-D(B C). The question was whether the
subjects would distribute their responding evenly
between the comparison stimuli. If so, there are two
separate explanations that could account for such a
result: first, subjects could respond at random to the
two comparisons because no relations exist between
either of the comparisons and the sample in the absence
of the second-order stimulus; second, subjects could
respond equally to the two comparisons because each of
the comparisons is in a separate relation with the
sample as a result of the second-order training, i.e.,
the four-term relations AB, AC, DB, and DC remain
"intact" in the absence of the second-order stimuli.
Thus, the trial-type, 0-A(B C), establishes two
competing relations.

In order to separate these two explanations, probe
trials were run in which B and C were presented
separately from one another as comparisons with A and D
as samples. Incorrect comparisons consisted of most
preferred novel stimuli (see method). For example, B
and C were separated in the trial-types, 0-A(B Nmp) and
0-A(C Nmp). Responses to each of these trial-types would

indicate that the controlling relations exist in the
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absence of the second-order stimuli. Chance level
responding or responding solely to the novel stimuli
would indicate no relations in the absence of the
second-order stimuli. If the latter is the result, then
probing the same relations with the appropriate second-
order stimuli should result in appropriate performance.

The third experimental question considered further
the possible result that the four-term relations, AB,
AC, DB, and DC existed in the absence of the second-
order stimulus. If these relations exist, then
logically B and C are linked transitively to one another
through both A and D. Logically, also, A and D are
transitively linked. Thus, in the absence of the
second-order stimulus, all of the stimuli should be
equivalent. Probes that assessed this possibility were
run.

Specific procedures for accomplishing the training

and testing are described below.

Method

Subijects

Three normal adults served as subjects. Subjects
were recruited through introductory psychology classes
at Utah State University. Subject 1 was a 19-year-old,
female, sophomore. Subject 2 was an 18-year-old, male,
freshman. Subject 3 was a 19-year=-old, male, sophomore.

