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ABSTRACT
Simple discriminations with compound class-specific reinforcers were trained for eight
children with developmental delays or disabilities. Compound class-specific reinforcers were
comprised of printed number words and spoken number words. Choosing stimulus A1 produced
the printed word four (R1) and spoken word “four” (S1), choosing A2 produced the printed word
seven (R2) and the spoken word “seven” (S2), choosing A3 produced the printed word ten (R3)
and the spoken word “ten” (S3), and choosing A4 produced the printed word zero (R4) and then
spoken word “zero” (R4). The A stimulus set included the numerals zero, four, seven, and ten.
Discriminative stimuli were presented with inverted and upside-down distracter stimuli, having
no experimentally arranged class membership. Reinforcer probes demonstrated emergent
relations between each element of the class-specific reinforcer and the A discriminative stimuli,
and between the visual and auditory elements of the reinforcer. The B stimulus set consisted of
either math facts totaling the same values as those represented in the A stimulus set, or arbitrary
figures depending on pretest performances. Each selection of B1 was followed by R1 and S1,
selection of B2 was followed by R2 and S2, and selection of B3 was followed by R3 and S3.
Probe tests demonstrated emergent relations between B stimuli and compound class-specific
reinforcer elements, as well as between B and A stimuli for two of the three participants exposed
to this training. Lastly, simple discriminations with C1, C2, and C3 stimuli, (either plus-two or
minus-two math facts, depending on pretest performances), were trained with R1 and S1, R2
and S2, and R3 and S3, respectively. Probe tests demonstrated emergent relations between C
stimuli and each element of the compound class-specific reinforcer, along with emergent
relations between A and C stimuli, and B and C stimuli. In Experiment 2, a class-specific
response (either Roman-numeral writing or ASL number-signing) was trained to each A
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stimulus. Probes demonstrated that the class-specific response transferred to the auditory and
visual reinforcer components, and to B and C stimuli for both participants. Findings in this study
provide further support for Sidman’s (2000) theory of equivalence, which states that all
members (class-specific responses and reinforcers included) of any reinforcement contingency
can become equivalent, and thus interchangeable with one another. Likewise, it provided further
evidence that any reinforcement contingency, including three-term contingencies, can generate
equivalence.
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The process by which symbols acquire their meaning is of general philosophical interest, as
well as of interest in the empirical sciences. Symbols, through language, are ubiquitous in our
social discourse as verbal human beings. Examples of symbols are as follows: the destruction of
a nation’s flag occasions strong emotional behavior from individuals in one’s community
(Sidman, 1994, pp. 2-3), just as hearing a song an individual and her former lover used to dance
to may elicit strong emotional reactions years later.
The acquisition of symbols in is especially important in the study of semantics. Why does a
young child respond to both a Great Dane and a Chihuahua with the verbal stimulus “dog”, when
the stimuli have little in common topographically? Interest in symbol acquisition and
categorization spans scientific domains, generating discussion between psycholinguists (e.g.,
Wilkinson & McIlvane, 2001), cognitive psychologists, and behavior analysts, among others.
For individuals interested in empirically examining environmental contingencies conducive to
the emergence of these relations, as is done in the field of behavior analysis, stimulus
equivalence is an approach to the study of how two or more stimuli become substitutable, or
interchangeable for one another.
Basic Terminology and Training Procedures
To understand the behavior-analytic approach to stimulus equivalence, one must first gain
familiarity with outcomes of the reinforcement contingency. Skinner defined analytic units in
terms of a reinforcement contingency, the simplest of which is a two-term contingency, or a
response-consequence relation. A contingency specifies that a given consequence will be
presented only under certain conditions, so in the case of a two-term contingency, following a
given response. For example, inserting money into a drink machine produces a soda. When this
two-term contingency comes under stimulus control of a discriminative stimulus, a simple

discrimination, or three-term contingency is in effect. In a three-term contingency, a response
will be reinforced only in the presence of the specified discriminative stimulus. For example,
stopping (response) at a red light (discriminative stimulus) is reinforced by avoiding the receipt
of a traffic ticket. When this three-term contingency comes under control of a conditional
stimulus, a four-term, or conditional discrimination is formed. A conditional discrimination is
defined as a response producing reinforcement in terms of the discriminative stimulus, only
when a conditional stimulus is also present. An example of a conditional stimulus may be a
traffic camera, which takes the picture of those who fail to stop at red lights. In its presence, an
individual will stop at red lights (discriminative stimulus), yet be less likely to do so in its
absence. Theoretically, a four-term contingency can come under higher-order control of a fifth
stimulus, and the contingency can continue to expand and include additional members (Sidman,
2000).
Equivalence relations are most frequently studied with conditional discriminations, using a
match-to-sample procedure. For convenience, scientists in the field of equivalence use
alphanumeric designators to best describe training and testing procedures and the potential class
membership of stimuli. When training a conditional discrimination, at least two conditional
stimuli, also referred to as samples, are presented to the subject (e.g., A1 and A2), though only
one sample is presented at a time. Once the participant executes a defined observing response to
the sample, two or more discriminative stimuli, or comparisons (e.g., B1, B2, B3) appear.
(Sidman suggests using at least three comparison stimuli when training stimulus relations. With
only two comparisons, the source of stimulus control could be from either the rejected or
selected stimulus; Sidman, 1987; Sidman 2000). A defined reinforcer will be presented only if
the defined response is under control of comparison B1 when sample A1 is presented (Sidman
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2000). The selection of either stimulus B2 or B3 would not be followed by a reinforcer, and
might be followed by a punisher. Likewise, when sample A2 is presented, selecting comparison
B2 is followed by a reinforcer, while no reinforcer is presented if A1 or A3 is selected. Once
performance on the AB conditional discrimination trials has met mastery criterion determined
beforehand by the researcher, additional conditional discriminations are trained, for example,
between BC stimuli, via the same procedures.
Properties of an Equivalence Relation
The purpose of conditional discrimination training in stimulus equivalence research is to
establish a baseline against which emergence of the three defining mathematical properties of
equivalence can be tested. While the training trials used to establish baseline conditional
discriminations include reinforcers for correct selections, testing procedures assess novel,
untrained relations with probe trials that typically do not provide any consequences for correct or
incorrect responses. This is to ensure that the previously trained relations are responsible for
tested performance, rather than reinforcement contingencies present during testing. Therefore,
none of the probe types described below would include programmed consequences.
For the purpose of these examples, AB (A samples trained with B comparisons), and BC (B
samples trained with C comparisons) conditional discriminations were trained as baselines. To
best clarify the process by which these properties are tested, A1, B1, and C1 stimuli are used as
examples. However, the same properties would be tested for all of the stimuli involved in
conditional discriminations training (e.g., A2, B2, C2, and et cetera. The first of these properties
to be discussed is reflexivity, or A1=A1. Reflexivity is tested via an identity matching
procedure, and would be demonstrated if a subject matched comparison stimulus A1 with sample
stimulus A1, rather than comparisons A2 and A3, in a match-to-sample procedure.
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Symmetry, or sample-comparison reversibility, is tested after training the selection of
comparison B1 when presented with sample A1. During these probe trials, B1 is presented as a
sample, and selection of comparison A1, rather than comparisons A2 or A3, demonstrates
symmetry. These trials differ from the trained trials in that A stimuli were never trained as
comparisons. Thus, if symmetrical responding was maintained during these probe trials in
absence of reinforcement, the following relation would hold true: if A1=B1, then B1=A1.
Transitivity is unique in that the emergent relation tested consists of a sample stimulus and
comparison stimulus from different baseline conditional discriminations (Sidman, 2000). Once
the mastery criterion for AB and BC conditional discriminations is met, sample stimulus A1 may
be presented with comparisons C1, C2, and C3. If the subject selects comparison C1, when this
relation has never been explicitly trained, the property of transitivity would be demonstrated.
Thus, transitivity is described as: if A1=B1, and B1=C1, then A1=C1.
In training sessions, subjects were exposed to C stimuli only as comparisons. The combined
test for equivalence, however, probes for both symmetry and transitivity by presenting C stimuli
as samples for the first time, with A stimuli as comparisons. Once the individual is responding
class-consistently on these trials (e.g., choosing A1, as opposed to A2 or A3, in the presence of
sample stimulus C1) the following would hold true: if A1=B1, and B1=C1, then C1=A1. If the
participant responds class-consistently on probe trials for all properties discussed above,
experimenters may conclude that the participant is demonstrating equivalence, or stimulus
relations that emerged in absence of training. Stimuli are described as an equivalence class (e.g.,
A1, B1, and C1) when they are shown to be substitutable and interchangeable for one another.
Testing procedures for A2, B2, and C2, and A3, B3, and C3 would follow, as three potential
equivalence classes could emerge from the training discussed. In transitivity and the combined
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test for equivalence, B stimuli, for example, were directly trained with both A and C stimuli.
Since A and C were never explicitly trained with one another, and their established relation to B
is responsible for the emergent relation between them, one may refer to B as a nodal stimulus, as
it is the common stimulus through which equivalence relations emerged.
Evolution of the Field
First Equivalence Experiments
In 1971, Sidman designed an experiment in attempt to teach a developmentally delayed
seventeen-year-old, institutionalized male to read. This experiment is now renowned as a
landmark in behavior-analytic investigation of emergent equivalence relations (Sidman, 1994).
The participant was taught to match twenty spoken and printed words, to see if untrained
relations between these stimuli would emerge. Preliminary testing showed that the subject was
fairly competent (60% to 95% correct) with verbally naming a picture, and with matching a
spoken word with a visual picture (85%). However, his scores were very poor on matching a
printed word with a picture or a spoken word. A score of 95% correct on identity matching with
printed word samples and comparisons eliminated the possibility that he could not distinguish
between words.
The subject sat before a grid of nine square, translucent windows, arranged in a 3x3 matrix,
with visual stimuli projected onto them. Matching trials consisted of eight choice stimuli, one of
which corresponded to the sample located in the center of the matrix. In naming tasks, the
subject was to orally name the stimuli, either a printed word or a picture, presented one at a time
in the center of the grid. Correct responses were reinforced with chimes and the delivery of
candy and a penny, while no reinforcer followed an incorrect choice.
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After reaching mastery criterion for matching spoken words with printed words, the subject
was able to match pictures and printed words, and printed words with pictures, as well as to
orally name printed words. Thus, Sidman discovered that, together with his pre-existing skils,
teaching this subject to match spoken words with printed words was sufficient to produce
reading comprehension and oral reading.
Sidman and Cresson (1973) later systematically reproduced this experiment with two more
severely delayed male participants. Although additional training was required for these boys,
likely because of profoundness of disability, equivalence relations emerged as in Sidman’s
earlier study (1971). The following conditional discriminations were trained: AB (spoken word
samples trained with pictures as comparisons) and AC (spoken word to printed word), and
probes tested for emergent relations including BC (picture samples to printed word comparisons)
and CB (printed word sample to picture comparisons).
In the first experiment (Sidman, 1971), sessions included all twenty words. In this follow-up
experiment, teaching sessions first included only nine sample words rather than twenty, although
remaining words were among the incorrect word choices. Once the first nine relations were
mastered, the others were introduced incrementally. All 20 words were tested once training
criteria were met for each subset of words. Because subjects demonstrated proficiency on only
those probes including trained stimuli, this methodological refinement demonstrated that explicit
teaching was responsible for emergent relations, rather than experience with the stimuli.
To investigate the possibility of expanding equivalence classes beyond three members,
Sidman and Tailby (1982) systematically expanded on the aforementioned research (Sidman
1971, Sidman et al., 1973) by explicitly teaching typically developing children stimuluscomparison relations between spoken names of Greek letters (A stimuli) and printed Greek
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letters (B, C, and D stimuli). Experimental training began by teaching a three-choice AB
conditional discrimination. The AC conditional discrimination was taught next, followed by DC
conditional discriminations. Baseline performances were at or above the mastery criterion across
six of the eight participants, and the insertion of novel probe trials (BC, CB; CD, AD; BD, DB,
naming of B, C. and D stimuli) did not disrupt this performance. Further, 18 new stimulus
relations and nine new oral-naming relations emerged after teaching of nine sample-comparison
relations, thus producing a 2.5 fold increase in emergent relations in comparison to training three
class members. Practical implications of training an additional relation are huge.
While the training procedures described above were sufficient for class expansion in four
participants, two of the six participants in this study failed to demonstrate class expansion.
Further testing revealed that, for one participant, the three-stage emergent relations that would be
prerequisites for class expansion were absent. Three-stage emergent relations were intact for the
other participant who did not demonstrate class expansion, leaving readers to speculate on the
source of the failure. Sidman (2000) discussed possibilities for the failure to demonstrate
emergent relations, including attention to undefined stimulus dimensions, or undefined responses
that may have produced more preferred reinforcers.
It has been demonstrated that the function of a given stimulus has the capacity to transfer to
other stimuli within the equivalence class (e.g., Hayes, Kohlenberg, & Hayes, 1991; Catania,
Horne, & Lowe, 1989; Griffee & Dougher, 2002, Tyndall, Roche, & James, 2004). Dougher,
Augustson, Markham, Greenway, and Wulfert (1994) demonstrated this phenomenon by
establishing two, four member equivalence classes via match-to-sample training procedures in a
sample of college students. Next, one member of Class 1 was associated with a mild shock.
Upon presentation of other class members in absence of the shock, results demonstrated that the
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Class 1 members elicited an involuntary fear response, as measured by increased skin
conductance level and skin conductance response. Thus, Dougher et al.’s (1994) findings
demonstrated that transfer of function may serve as an explanation for the development and
maintenance of phobias. Stimuli that share an equivalence class with a feared stimulus may
come to elicit a fear response, based on this class membership. The function of the feared
stimulus transferred to other stimuli with which it is equivalent.
Accounts of Equivalence Relations
While the above studies demonstrated that training a few relations can lead to the emergence
of a large number of untrained relations, they do not address a theoretical mechanism by which
this emergence occurs. The following three theories address the origins of these emergent
relations.
Naming
Horne and Lowe (1996) proposed the theory of naming to explain the emergence of
equivalence relations. The theory asserts that one way an equivalence relation is formed is via a
common name shared by all members of the class. To understand the process by which the name
relation develops, according to Horne and Lowe (1996), one must turn to an infant’s typical
verbal development. Listener behavior, or responding to the utterances of others, is first to
develop, followed closely by speaker-listener behavior, or responding to one’s own utterances.
A tact relation, as defined by Skinner (1957), is an instance of operant behavior where an
individual makes a particular verbal response in the presence of a stimulus because that response
has been previously reinforced. For example, if an infant’s utterance “cat” in the presence of a
cat has produced reinforcement from her verbal community, she may be more likely to emit this
utterance discriminatively in the presence of a cat in the future. However, this definition of the

8

tact is unidirectional, as it does not require listener behavior on behalf of the speaker, and thus
cannot account for emergent relations according to Horne and Lowe (1996). In contrast, the
name relation is bidirectional in nature; it requires an individual to respond to her own utterances
as a listener, as they have to the utterances of their caregivers.
When a child sees an object such as a doll and turns to look at this doll, a caregiver may
notice her attending, and respond with the verbal response “doll”. The child then hears the word
“doll” uttered by her caregiver, and learns to respond to the doll upon hearing this word when
doing so produces reinforcement from the caregiver. The child later makes an imitative
utterance, or echoic, resembling the word “doll” upon hearing her caregiver, and earns
reinforcement from the caregiver for doing so. This sets the stage for her own utterance to
become discriminative for orienting to the doll again, thus demonstrating a bidirectional
relationship. After encountering multiple examples of dolls and learning to apply the spoken
word “doll” in their presence, the bidirectional or circular relation described above allows the
child’s verbalization to be considered a true “name”.
Of additional interest to naming theorists are intraverbal relations, which may also result in
equivalence relations. At about 18 months of age, infants begin to learn response sequences
between names of items, or intraverbals. Eventually, one word from the response sequence will
serve as a discriminative stimulus, reliably occasioning the next verbal response, because
reinforcement follows from the infant’s caregivers. An example of such a response sequence
might be, “soft blanket”. If the caregiver’s utterance “soft” occasions the response “blanket” by
the infant, the caregiver will provide praise, a generalized reinforcer, thus increasing future
response strength. Self-echoic repetition, such as “soft blanket soft blanket”, is a common
feature of children’s verbalization. In such a verbalization, “blanket” precedes the response
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“soft”, and may thereby become discriminative for uttering “soft” in its presence, which is also
likely to be reinforced by the verbal community. Therefore, intraverbals may become
bidirectionally related, so that emission of one name will reliably occasion the other. For
example, if the child has a verbal repertoire including the intraverbal “sock shoe”, the
bidirectional relationship between these stimuli leads to either stimulus being discriminative for
the other. If a shoe is presented as a sample on a match-to-sample task, the child would engage
in intraverbal naming, whether overt or covert, uttering sock in its presence. Upon hearing their
utterance “sock” the child would orient to the sock comparison stimulus, and select it. Studies
using MTS procedures have demonstrated that, after training intraverbal response sequences,
each name comes to occasion the other on formal tests of equivalence (Lowe & Beasty, 1987).
Relational Frame Theory
Relational Frame Theory (RFT) takes a purely functional, as opposed to topographical,
approach to operant behavior. In many cases, purely functional operants tend to encompass a
range of responses that vary topographically, and are frequently termed “generalized”,
“overarching” or “higher-order” operants (Barnes-Holmes & Barnes-Holmes, 2000; Branch,
1994). Perhaps the most common example of an overarching operant class is generalized
imitation, brought about by the history of differential consequences for imitating the behavior of
a model. As modeled responses of varying topographies are introduced, and imitating them is
reinforced, a functional class of imitation is eventually demonstrated.
Another example of the importance of defining operants functionally rather than
topographically is seen in the study of relational responding, or responding to one stimulus in
terms of another stimulus, rather than in terms of its absolute properties (Hayes, et al., 1991). In
RFT, this is called “relational responding”. One example of relational responding would be
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always choosing the larger of two stimuli. When first presented with a pair of stimuli, an
individual may have to guess which of the two stimuli will be followed by reinforcement. Upon
presentation of many different stimulus pairs, or multiple exemplars, where for example, the
larger stimulus is always followed by reinforcement, abstraction may eventually occur. At this
point, the individual may respond to the larger member of a novel stimulus pair. Once the
relational frame “larger than” has been applied to novel stimuli that do not have formal
differences, and the individual responds in terms of the relational frame without ever receiving
reinforcement in the presence of the novel stimuli, the relation may be termed “arbitrarily
applicable”. Contextual control is said to occur when contextual cues, rather than formal cues,
indicate which relation to apply. Therefore, the relation is applied in absence of differing
physical dimensions. For example, under contextual control, responding to a dime rather than a
nickel may be reinforced when applying the “larger than” frame, even though the dime is
formally smaller. Thus, RFT asserts that relational frames are learned behavior, directly
established by an appropriate history of reinforcement.
Relational frames include equivalence relations (also called frames of coordination or
similarity), but encompass many other relations as well, such as coordination (similarity),
opposition, distinction (differences on a specified dimension), et cetera. Equivalence
terminology (reflexivity, symmetry, and transitivity) does not apply to all these relations, so RF
theorists propose a terminology of their own. Mutual entailment expresses the property of
bidirectionality between stimuli. If A is greater than B, then B is less than A. Symmetry is one
example of mutual entailment. Combinatorial entailment expresses relational responding
between two stimuli based on their relation to a third stimulus. For example, when A is the
opposite of B, and B is the opposite of C, A must be the same as C. As with the property of
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transitivity, another example of combinatorial entailment, the relation between A and C in the
above example was never directly trained or reinforced. Just as reflexivity, symmetry, and
transitivity have been accepted as defining features of equivalence relations, testing for mutual
and combinatorial entailment are critical to claim that a relational frame has been established.
As previously discussed, equivalence research provides evidence of the “transfer of function”
phenomenon, in which the function of one stimulus has the potential to transfer to all stimuli to
which it is equivalent (e.g., Dougher, et al., 1994). Given the potential changes in stimulus
function that take place within a relational frame, transfer of function does not adequately
describe the breadth of relations. Therefore, RFT proposes the term “transformation of
function”. The following is an example of transformation of function: If A is a conditioned
reinforcing stimulus, and B is the opposite of A, B should therefore function as a punisher. RFT
proponents advocate for this theoretical approach based on research that indicates relational
responding among dimensions of “same”, “opposite”, “larger”, and so forth, after training via
match-to-sample procedures (Hayes, 1991).
Sidman’s theory of equivalence
Skinner (e.g., 1953) described the outcome of a reinforcement contingency in terms of
analytic units; that is, the two, three, and four-term contingencies previously described. Sidman
(2000) proposes that equivalence relations are a second outcome of a reinforcement contingency.
Further, Sidman argues that all positive elements participating in the contingency should become
equivalent. Unlike the two theories previously discussed, Sidman (2000) proposes that
equivalence is a fundamental process of behavior, and does not have to be learned prior to
demonstration. If, for example, selecting comparison B1 (as opposed to B2 or B3) in the
presence of sample A1 is followed by reinforcement, and selecting comparison C1 (as opposed

12

to C2 or C3) in the presence of sample B1 in a match-to-sample format is followed by
reinforcement, these positive elements should thus become interchangeable, and thus equivalent
with one another.
The implications of Sidman’s theory are many. By stating that all positive members of a
reinforcement contingency can become equivalence-class members, by definition, responses and
reinforcers are included. In the previously reviewed experiments, class formation occurred when
a single response and a single reinforcer were used in all training contingencies; that is, the same
response was emitted when responding to comparison stimulus B1 in the presence of A1, as
when responding to comparison stimulus B2 in the presence of A2. The same reinforcer was
presented following correct selections of Class 1 and Class 2 stimuli. Sidman (2000) proposes
that common class members (in the above example, the single response and reinforcer are
common across all classes) selectively “drop out” from equivalence classes. Training procedures
that include a unique response and reinforcer for each class have implications for exponential
expansion of equivalence classes. In the literature, these responses and reinforcers specific to
one stimulus class are called class-specific responses and class-specific reinforcers. An example
of a class-specific training arrangement is as follows: in the presence of sample stimulus A1,
selection of comparison stimulus B1 via response r1 would produce reinforcer R1. Likewise, in
the presence of sample stimulus A2, selection of comparison stimulus B2 with response r2 would
produce reinforcer R2. Previous research has found that class-specific responses and reinforcers
can become members of their respective equivalence-class, and thus function interchangeably
with other class members. Introducing class-specific responses and reinforcers in training
procedures can potentially result in larger equivalence-classes than found when training involves
a single response and reinforcer, without training any additional relations (e.g., Dube &
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McIlvane, 1989). Additionally, previous research has found that class-specific elements may
increase discriminability between classes, as relations trained with these procedures are often
acquired more rapidly (e.g., Kastak, Schusterman, &Kastak, 2001). A review of research
utilizing class-specific responses and reinforcers will follow.
An additional assertion of Sidman’s (2000) theory is that any reinforcement contingency can
generate equivalence relations. Therefore, the MTS procedure traditionally used to train
conditional discriminations is not the only procedure that could generate equivalence relations.
Research to be reviewed further utilizes simple discrimination procedures with class-specific
reinforcement to generate equivalence relations, providing further support for Sidman’s (2000)
theory (Veenstra, 2007; Boye, 2008).
Class-Specific Reinforcers
As described thus far, most conditional discrimination training procedures utilize a single
reinforcer. When comparison stimulus B1 is selected in the presence of sample stimulus A1,
Reinforcer 1 (R1) is presented as a consequence. Similarly, when comparison stimulus B2 is
selected in the presence of sample stimulus A2, R1 is presented. According to Sidman (2000),
contingencies that share a common reinforcer may first create one larger equivalence class
including the positive elements of all contingencies. However, demands of the contingency lead
to the common reinforcer dropping from the equivalence relation. To optimally exploit the
potential of equivalence, facilitate more rapid acquisition of baseline discriminations, and
provide support for Sidman’s (2000) theoretical position, class-specific reinforcers, or reinforcers
specific only to one particular class, have been examined (Dube, McIlvane, MacKay, &
Stoddard, 1987; Dube & McIlvane, 1989; Schenk, 1994; Sidman, 2000). For example, when an
individual selects B1 in the presence of A1, and selects C1 in the presence of B1, Reinforcer 1,
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or R1 is presented. Similarly, selecting B2 in the presence of A2, and selecting C2 in the
presence of B2 produces a different reinforcer, reinforcer R2. Findings to be reviewed below
have demonstrated that such class-specific reinforcers can potentially become equivalent to, and
thus interchangeable with the stimuli to which they were related during training. Therefore, the
class-specific reinforcer would be able to function as a sample stimulus in a match-to-sample
procedure with any other class members serving as comparisons. Likewise, another class
member could serve as a sample stimulus with the class-specific reinforcer as a comparison. For
example, when R1 follows correct responses on A1B1 and B1C1 training trials, and R2 follows
correct responses on A2B2 and B2C2 training trials, probe trials might present R1 as a sample,
and A1, A2, and A3 as comparisons. These reinforcer probe trials examine whether a reinforcer
can function interchangeably with other class members. Similarly, A2 might be presented as a
sample on probe trials, with R1, R2, and R3 as comparisons. A1, B1, C1 and R1 may ultimately
become one equivalence class, while A2, B2, C2, and R2 become another (Dube, et al., 1987;
Dube & McIlvane, 1989; Schenk, 1994; Sidman, 2000; Ashford, 2003; Guld, 2005).
Class-specific reinforcement has the potential to greatly expand equivalence classes by adding
an additional member to the class, without any additional training steps. Simultaneously,
discriminability between classes should also increase. At a theoretical level, CSR procedures are
directly relevant to Sidman’s (2000) assertion that all elements of a reinforcement contingency
have the potential to become equivalence-class members.
In the first experiment to study differential consequences and stimulus equivalence, Dube et
al. (1987) conducted training with developmentally delayed adults. Two arbitrary spoken names
(A1 and A2), two objects (B1 and B2), and two symbols (C1 and C2) were used. Two different
food reinforcers (R1 and R2) were also used. Phase 1 of the experiment began with identity
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match-to-sample trials with all experimental stimuli. Choosing a stimulus in the presence of one
identical to it resulted in the experimenter stating “good” (a common reinforcer) and a classspecific reinforcer. For example, selecting A1 in the presence of A1 produced R1, and choosing
B2 in the presence of B2 produced R2. Identity match-to-sample was also conducted with the
reinforcers (R1 and R2) as sample and comparison stimuli, again with the same edible items as
reinforcers for correct responding, giving the participants experience with these stimuli as
samples and comparisons. On these trials, selecting R1 in the presence of R1 produced R1,
while selecting R2 in the presence of R2 produced R2.
Upon mastery of identity MTS training, arbitrary MTS was trained. Different relations were
trained for each of the two participants. For one participant, when comparison C1 was selected
in the presence of sample A1, R1 was presented. Likewise, when comparison C2 was selected in
the presence of sample A2, R2 was presented. BC conditional discrimination training followed.
The second participant received AB training first instead, following the same procedures, and
then BC training. If all positive elements of a reinforcement contingency become equivalenceclass members, one would expect class-consistent responding on all probe trials. That is, one
would expect selections of a Class 1 comparison in the presence of a Class 1 sample, selections
of Class 2 comparisons in the presence of a Class 2 sample, et cetera. Likewise, class-consistent
responding may also be expected on reinforcer probes, where reinforcers are presented as
samples or comparison stimuli, with A, B, or C stimuli serving the other role. For stimuli to
meet the mathematical definition for equivalence as proposed by Sidman (1994), class-consistent
responding must also be demonstrated on reflexivity probes, symmetry probes, and transitivity
probes.
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Participants responded class-consistently on symmetry probes; for example, comparison
stimulus A2, which was presented in training trials as a sample, was selected in the presence of
B2, which was trained as a comparison stimulus. Following symmetry probes, reinforcer probes
also generated class-consistent responses; for example, when R1 was presented as a sample
stimulus, class-consistent responding was demonstrated by choices of comparison A1, as
opposed to comparisons A2 and A3. Performances on transitivity probes were also classconsistent. On transitivity probe trials, A and B stimuli were matched, though they were never
presented together during training.
Researchers were also interested to see if classes could be expanded via class-specific
reinforcers. Identity matching with novel stimuli designated as X1 and X2 was trained in a
mixed baseline with previously learned relations, and correct responses were reinforced by R1
and R2, respectively. After this training, participants reliably demonstrated class-consistent
matching between the novel stimuli and the previously established class members with which
each reinforcer was associated. Thus, a class-specific reinforcer functioned as the node for class
expansion.
In the final phase, identity matching with X1 and X2 resumed, but the reinforcer relations
were reversed. For example, selecting X1 in the presence of X1 was followed by R2 instead of
R1, while selecting X2 in the presence of X2 was followed by R1. Responses on probe trials
revealed the following classes: A1, B1, C1, D1, X2, R1, and A2, B2, C2, D2, X1, R2. This
reversal demonstrated that the class-specific reinforcement contingency was responsible for the
class formation and membership. While it is not uncommon for untrained relations to emerge
gradually over the course of many sessions of probe trials, performances on probe trials in this
experiment were nearly errorless, from the first session. It is unknown whether the extensive

17

training procedures (e.g., identity training with reinforcers) was responsible, or if this
performance was related to CSR.
Dube et al.’s follow-up study (1989) was designed to identify the training steps that had been
necessary and sufficient for class formation by omitting identity training with the reinforcer
stimuli. The research question of interest was whether reinforcers could become class members
without previously serving a discriminative function in a match-to-sample format. Participants
in this study were two adult men with moderate developmental delays. Experimenters trained
identity matching between A, B, C, and D stimuli, which were Greek letters, with class-specific
reinforcement. Reinforcers were preferred snack items as determined by a preference
assessment. Correct responses to A1, B1, C1, and D1 stimuli were followed by R1, while
correct selections of A2, B2, C2, and D2 were followed with R2. Once mastery criterion was
met for identity training trials, AB and BC conditional discriminations were trained with the
same CSRs. For example, choosing B1 in the presence of A1 resulted in the presentation of R1.
Likewise, choosing C2 in the presence of B2 resulted in the presentation of R2. Probes tested
for the formation of two stimulus classes (i.e., A1, B1, C1 and A2, B2, C2) following conditional
discrimination training. Once these classes were demonstrated, further probes tested to see if D
stimuli, though never directly trained with the A, B, or C stimuli, would become class members
by virtue of the common class-specific reinforcer. Participants responded class-consistently,
matching, for example, D1 with A1, B1, and C1, while matching D2 with A2, B2, and C2.
Lastly, the reinforcers for identity matching with D stimuli were reversed, such that correct
selections of D1 now produced R2, and correct selections of D2 produced R1. Following contact
with the contingency reversal, the following equivalence classes were demonstrated: A1, B1, C1,
D2, R1, and A2, B2, C2, D1, R2. Thus, Dube et al.’s second study (1989) demonstrated that
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identity training with the class-specific reinforcers was not necessary for class formation in this
population, and provided further evidence that class-specific reinforcers could become
equivalence-class members.
Schenk (1994) expanded on Dube et al.’s research involving class expansion via classspecific reinforcement (1987, 1989, 1992) with two experiments. Participants were typically
developing five-year-old children, and relations were trained using arbitrary black-and-white
shapes as stimuli. Red and blue beads served as reinforcers 1 and 2, respectively. The first
experiment began with identity training with A, B, C, and D stimuli. Two comparison stimuli
were presented with each sample stimulus. Correct responses were followed by the classspecific presentation of a red or blue bead. For example, selecting comparison stimulus A1 in
the presence of sample stimulus A1 produced R1 (a red bead), while selecting A2 in the presence
of A3 produced R2 (a blue bead). Once mastery criterion was met, AB and BC conditional
discriminations were trained, using the same class-specific consequences. These conditional
discriminations next were intermixed in a baseline of the previously trained identity-matching
trials.
In subsequent probe tests, all participants demonstrated symmetry, though two needed
additional training. Six participants demonstrated the formation of two four-member
equivalence classes: A1, B1, C1, D1, and A2, B2, C2, D2. One of the eight young participants
did not demonstrate transitivity, and therefore failed to show A, B, and C class formation. This
participant, as well as one other, did not match D stimuli to other class members in a classconsistent manner.
Schenk’s second experiment sought to investigate whether the aforementioned conditional
discrimination training was necessary, or if the outcome-specific identity training would result in
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class formation. As in the first experiment, identity matching was trained with A, B, C, and D
stimuli, and the outcome-specific reinforcers were R1 and R2. Reinforcer probes followed
training to determine whether the class-specific reinforcer was a class member.
Class formation emerged gradually for six of the eight participants when trained only on
identity-matching with outcome-specific reinforcement. The two participants who did not
demonstrate class formation via outcome-specific reinforcement also did not meet criteria on
reinforcer probes. Although further research is necessary to explain why two subjects failed to
demonstrate emergent relations, these results have exciting implications for more efficient
training and expansion of equivalence relations.
These three studies provide an important foundation for the investigation of class-specific
reinforcement, upon which equivalence researchers have continued to build. As a result of these
experiments, behavior analysts discovered that equivalence relations may emerge on the basis of
a common reinforcer, even when other class members are never presented together.
Additionally, participants in each of these three studies maintained class-consistent responding
on reinforcer probes, even in the absence of direct training with the reinforcer stimuli functioning
as a sample or comparison. The studies demonstrated clearly that class-specific reinforcers may
become class members, equivalent and interchangeable with the other stimuli.
To determine if multiple reinforcement elements could become class members, Ashford’s
(2003) thesis explored the utility of compound class-specific reinforcement. As previously
discussed, Sidman’s (2000) theory of equivalence holds that all positive elements of a
reinforcement contingency can potentially join an equivalence class, so demonstrating that
multiple elements of a CSR can become class members would provide further evidence for this
position. Participants in this study were 11 children between the ages of 6 and 11, all of whom
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were diagnosed with developmental disabilities. Experimental stimuli were familiar pictures,
German words, and abstract drawings, while reinforcers consisted of auditory, visual, and edible
class-specific components.
In Experiment 1, two conditional discriminations, AB and CD, were trained. Participants
were divided into two groups, one of which received arbitrary MTS training with all
consequential elements class specific (Condition 1; e.g., choosing B1 in the presence of A1 was
followed by R1, a specific combination of class-specific auditory, visual and edible elements), or
randomized consequential elements (Condition 2; choosing B1 in the presence of A1 was
followed by a randomized arrangement of auditory, visual and edible elements. Every reinforcer
element had an equal probability of following correct responses for all classes). The same
reinforcer components were used in both conditions. Findings demonstrated that CSR facilitated
acquisition of the discriminations, as participants in Condition 1 acquired the discriminations
more rapidly, and several Condition 2 participants did not acquire the discriminations until
receiving training with CSR. In Experiment 2, test trials were presented to see if three, fivemember equivalence classes emerged from the two conditional discriminations trained in
Experiment 1. Reinforcer probes were also presented to see if the reinforcer components
functioned as class members. Five of the six participants who completed the study demonstrated
equivalence-class formation, and the class-specific auditory, visual and edible components
functioned independently as class members.
Three of the participants demonstrating emergent relations in Experiment 2 participated in
Experiment 3 and received identity match-to-sample training with new stimuli designated E and
F. The auditory and visual reinforcer components were presented following correct responding
with E stimuli for two participants, and only the edible reinforcer was presented following
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correct responses with F stimuli. The third participant received only the edible reinforcer for
correct responses with E stimuli, and auditory and visual reinforcer components following
correct responses with F stimuli. EE and FF trials were intermixed with previously acquired
baselines once mastery criterion was met. Class-expansion probes between E and F stimuli and
A, B, C, and D stimuli were next presented, where A, B, C, or D stimuli were presented as
samples with E or F stimuli as comparisons, or vice versa. These stimuli were never presented in
training trials together, and were related only through the common CSR elements. Two of the
three participants responded class-consistently on all class-expansion probes, while one
demonstrated class-expansion to include E stimuli but not F stimuli. (For this participant, correct
responses on F stimulus identity training had been followed by a primary reinforcer). Thus,
conditioned auditory and visual reinforcer elements functioned as nodal stimuli for class
expansion for all participants, while the primary reinforcer elements functioned as nodes for two
of the three participants. This is consistent with Sidman’s (2000) theory, as all elements of a
contingency, in this case including each component of a compound CSR, can become equivalent
class members, and thus be interchangeable for each other. The utility of compound stimuli in
training procedures is not limited to reinforcers, as Markham and Dougher (1993) and Debert,
Matos, and McIlvane (2007) found that each component of the sample stimulus functioned
independently as equivalence-class members.
Class-Specific Responses
As stated, Sidman’s (2000) theory asserts that all positive elements of a reinforcement
contingency can become equivalence-class members. This statement would, by definition,
include the response. It is a possibility that responses typically constant across classes, such as a
mouse click, could become class members if specific to each class. That is, contingencies might

22

require Response 1 in the presence of A1, B1, and C1, and Response 2 in the presence of A2, B2,
C2. Thus defined, class-specific responses have received little attention in stimulus-equivalence
literature. The sparsity of this research is probably due to difficulty in determining whether the
class-specific responses or the stimuli that occasion them are responsible for class formation.
One study that did examine the utility of class-specific responses was conducted by
Bartholomew (2001). In this experiment, topographically different responses were first trained
to abstract stimuli, in a simple discrimination procedure. Response 1 (turning a knob) was
trained to A1, Response 2 (flipping a toggle switch) was trained to A2, and Response 3 (pushing
a button) was trained to A3. A star pattern and jingle followed all correct responses, while a
buzzer followed incorrect responses. B and C simple discrimination training followed the same
procedures, as Response 1 was reinforced in the presence of B1 and C1, Response 2 was
reinforced in the presence of B2 and C2, and Response 3 was reinforced in the presence of C3.
Upon mastery of these discriminations, AB and AC conditional discriminations were trained via
a three-choice arbitrary MTS procedure. For example, in the presence of A1, emitting Response
1 (r1) as a selection response for B1 was followed with reinforcement. Highly accurate
conditional discrimination performances were demonstrated almost immediately, and probe tests
for reflexivity, symmetry, and transitivity, as well as reinforcer probes, revealed the following
emergent equivalence classes: A1B1C1r1, A2B2C2r2, and A3B3C3r3. Thus, class-specific
responses facilitated conditional discrimination acquisition and functioned as equivalence-class
members. Bartholomew’s (2001) findings were consistent with Sidman’s (2000) theory that
every element of a reinforcement contingency, including class-specific responses, can become
equivalence class members.
Simple Discriminations and Equivalence Relations
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Although emergent relations have historically been studied with a match-to-sample procedure
as previously discussed, Sidman’s theory of equivalence (2000) states that all positive elements
of a reinforcement contingency can become equivalent, and thus interchangeable with one
another. Therefore, contingencies conducive to emergence of equivalence relations would not be
limited to conditional discriminations (Tyndall, et al., 2004). Vaughan (1988) used a simple
discrimination reversal procedure with pigeons to examine whether two functionally equivalent
classes could form, and provided support for Sidman’s (2000) theory. The training established a
series of 20 simple discriminations between pictures of trees, arbitrarily designated as members
of Class 1 and Class 2. Two discriminative stimuli were presented together in a trial, one of
which was arbitrarily assigned to Class 1 and the other to Class 2. When Class 1 stimuli were
positive, responding to that stimulus class was followed by reinforcement, and responding to
Class 2 stimuli was not reinforced. Once class-consistent responding (i.e., responding to positive
Class 1 stimuli, and not to Class 2 stimuli) was established, the discriminations were reversed,
such that responding was only reinforced in the presence of Class 2 stimuli, and responses to
Class 1 stimuli were no longer followed with reinforcement. Functionally equivalent classes
were indicated when the pigeon emitted very few errors after contacting the contingency reversal
for the first few discriminations. Responses to the newly positive stimulus class came to be
exhibited, even though the subject had not yet contacted reversal contingencies for those
particular stimuli. Vaughan’s (1988) experiment was of particular importance in that positive
results were obtained for functional class formation in nonhuman subjects.
Kastak, Schusterman, and Kastak (2001) addressed whether equivalence relations would
emerge after simple and conditional discrimination training with CSR in two California Sea
Lions. In Experiment 1, a simple discrimination reversal procedure was implemented with
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letters (A-J) and numbers (1-10) as experimental stimuli. In each trial, two stimuli were
presented (one letter and one number) on a two-choice, three-dimensional apparatus. A response
was indicated when the sea lion touched one of the comparisons with its nose. When letters were
positive, responding to the letter in each stimulus pair, as opposed to the number, was followed
by one of two types of fish, randomly selected. Once all ten discriminations were mastered, the
contingency reversed and numbers became positive stimuli. Following multiple reversals,
experimenters programmed contingencies such that a specific type of fish, or a class-specific
reinforcer, followed correct responses. Responding to the letter stimulus when letters were
positive was followed by one type of fish (R1), and no reinforcer followed responses to number
stimuli. Upon the contingency reversal, another type of fish (R2) followed responses to number
stimuli, and no reinforcer followed responses to letter stimuli. Thus, functional class formation
was demonstrated in phases involving CSR, as class-consistent responding reversed on all
discriminations upon contact with reversal contingencies for just a few.
In the second phase of the experiment, the same stimuli (letters and numbers) were presented
in a two-choice MTS format, with either a letter or a number serving as the sample, and one
letter and one number serving as comparisons. For example, the number 4 might be presented as
a sample, with 7 and B as comparisons. Responding to the7 would be followed by
reinforcement, and a buzzer would follow selection of B. The subjects matched numbers to
numbers and letters to letters on the first presentation of each trial type, even before classspecific reinforcers were presented. Thus, the contingencies present in Experiment 1 were
responsible for the sea lions’ performance and it may be argued that their class-consistent
performance was emergent.

25

In the final phase of their experiment, Kastak, et al. (2001) trained a conditional
discrimination with stimuli J and 10, which had already functioned as class-members, and two
new stimuli K and 11. When J was presented as a sample stimulus, responding to K as opposed
to 11 was followed by the same class-specific reinforcer previously trained with letter stimuli.
Likewise, when 10 was presented as a sample, responding to 11 as opposed to K was followed
by the class-specific reinforcer previously used with number stimuli. The conditional
discrimination was mastered, and upon probing for emergent relations with other class members,
class-consistent responding was demonstrated on the first probe trials with new stimuli (e.g., in
the presence of B, the subjects selected K opposed to 11). This study provided further support
for Sidman’s (2000) theory, that the reinforcement contingency is responsible for emergent
relations, and that class-specific reinforcement can facilitate class formation and expansion.
These findings are especially important, as they also provide evidence that equivalence relations
may not be specific to human populations.
Veenstra (2007) extended Vaughan (1988) and Kastak et al. (2001)’s research by examining
simple discrimination training with class-specific reinforcers (CSR), with children as
participants. Boye (2008) systematically replicated Veenstra’s (2007) thesis via the following
three experiments, which also addressed whether simple discriminations could expand existing
equivalence classes and whether a new CSR could join an established equivalence class to form
a five-member class.
In Experiment One, the theoretical question posed was whether equivalence relations would
emerge through simple discrimination training with abstract, novel stimuli and class-specific
reinforcers. The simple discrimination procedure in this experiment consisted of the presentation
of three discriminative stimuli in the absence of a conditional, or sample stimulus. When the
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participant selected a stimulus designated as correct, she was presented with a compound classspecific reinforcer consisting of a visual and an auditory component. The stimuli designated as
incorrect were referred to as distracter stimuli, in that they were not designated to belong to any
experimental class. Simple discriminations involving B stimuli were trained first. Choosing B1
as opposed to either of the distracter stimuli produced R1. When B2 was presented alongside
two distracter stimuli, choosing it produced R2.
Reinforcer probes were presented following B training, in a match-to-sample format. In these
probes, the visual component of the class-specific consequence served as either the sample or
comparison stimulus, with B stimuli serving the opposite role. A class-consistent response
would be selecting B2 in the presence of R2, as opposed to B1 or B3. Likewise, selecting R3 in
the presence of B3 as opposed to R1 or R2 would be a class-consistent response on trials where
reinforcers served as comparisons and B stimuli as samples.
Simple discrimination training and reinforcer probes for A stimuli were next presented,
following the same procedures used for B discrimination training and reinforcer probes. AB
conditional discrimination probes were presented next, intermixed with A and B simple
discrimination trials. These stimuli were never presented together in training trials, but shared a
common class-specific consequence (e.g., A1 and B1 were followed with R1, while A3 and B3
were followed with R3). Simple discriminations with C stimuli were trained last, and AC
conditional discriminations were probed, as were the three properties of equivalence: reflexivity,
symmetry, and transitivity. Results showed that three, four-member equivalence classes
emerged in all five participants completing the experiment, thus demonstrating that reinforcers
could serve as a nodal stimulus for the emergence of equivalence classes via a simple
discrimination training procedure, which is consistent with Sidman’s account (2000).
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The second experiment examined whether class-specific consequences could facilitate
expansion of previously established equivalence classes. The five children who demonstrated
equivalence in Experiment 1 participated. Simple discriminations were trained with D stimuli,
followed by the same class-specific consequences as were A, B, and C stimuli in Experiment 1.
Reflexivity, symmetry, and transitivity probes involving D stimuli were intermixed with A, B, C,
and D simple discrimination baseline trials, along with the AB and AC conditional
discrimination probes tested in Experiment 1. Testing was terminated in two participants due to
time constraints, but the other three participants demonstrated class expansion by responding
class-consistently on untrained relations with D stimuli and the A, B, and C stimuli previously
trained. Again, D stimuli could have become related to these stimuli only through the common
class-specific reinforcer.
Boye’s final experiment addressed whether previously established equivalence classes could
be expanded to include new class-consistent consequences as class members. The three
participants who completed Experiment 2 participated in this final study. The new reinforcers
(designated as R4, R5, and R6) followed selection of B stimuli (choosing B1 produced R4; B2
produced R5; B3 produced R6), during simple discrimination training. These sessions were
procedurally identical to training in the prior experiments, but differed in that new reinforcers
now followed selection of the positive B stimulus as opposed to the previously trained
reinforcers, R1, R2, and R3. For example, while choosing B1 opposed to either of the two
distracter stimuli previously would have resulted in R1, it is now followed with R4. Likewise,
choosing B2 was now followed with R5, and B3 followed with R6. After participants met
mastery criterion, R1, R2, and R3 stimuli were presented in matched reinforcer probes as either a
sample or comparison, while R4, R5, and R6 stimuli served the opposing role. Class-consistent
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responding was demonstrated, in that R1 was matched to R4 via B1 as the nodal stimulus.
Equivalence probes tested to see if relations formed between the new reinforcers (R4, R5, and
R6) and A, C, and D stimuli, in the absence of explicit teaching. Each of the three participants
demonstrated further expansion of the previously established equivalence classes to include six
members (e.g., A1, B1, C1, D1, R1, R4). Thus, simple discrimination training resulted in the
expansion of previously established equivalence classes to include new reinforcers.
Applied Implications
While a number of theoretical questions remain unanswered, applied researchers have begun
experimenting with stimulus equivalence as a teaching tool. Stimulus equivalence is particularly
appealing as an educational tool because of its potential automation (computerized, as opposed to
requiring direct instruction from a teacher), and efficiency, in that a number of relations can
emerge after directly training only a few. Equivalence procedures much like those already
discussed have succeeded in producing emergent relations in areas including, but not limited to
the following: reading skills (e.g., Sidman, et. al, 1973; De Rose, De Souza, & Hanna, 1996),
money skills (e.g., McDonagh, McIlvane, & Stoddard, 1984; Stoddard, Bradley, & McIlvane,
1987), and geography (e.g., Hall, DeBernardis, & Reiss, 2006; LeBlanc, Miguel, Cummings,
Goldsmith & Carr, 2003).
Hall, et al. (2006), for example, trained relations between pie charts, decimals, and fractions
with conditional discrimination training procedures. Participants were children diagnosed with
Fragile X syndrome, as individuals with this condition frequently demonstrate weaknesses in
math skills (Hall, et al. 2006). Following a pretest-training-posttest model, results demonstrated
that four of the five participants acquired the trained relations, but only one participant
demonstrated emergent symmetry and transitivity relations. Expanding research with these
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populations is needed, in that training modifications might be uncovered that could facilitate
acquisition of trained and emergent relations.
Representation of children and individuals with developmental disabilities is relatively
limited in stimulus-equivalence literature, when compared to that with typically developing
children and adults (LeBlanc et al., 2003; O’Donnell & Saunders, 2003). The inclusion of
individuals with developmental disabilities as participants is theoretically interesting, in that the
emergence of untrained equivalence relations in a disabled population may speak to the
universality of equivalence as a basic behavioral process. Additionally, demonstrating
equivalence with individuals with language deficits would provide further evidence that naming,
or other advanced language skills, is not necessary for untrained relations to emerge (O’Donnell
et al., 2003). Of equal importance are the applied implications of equivalence relations with such
a population. In such populations where learning is often difficult, and teaching procedures often
arduous and unsuccessful, an approach that could exponentially increase the relations acquired
through training only a few could revolutionize teaching approaches in special education. In
closing, the need for additional applied research in the field of stimulus equivalence is two-fold:
it could address theoretical questions as noted above, and it could benefit the teachers and
learners with whom it is used.
Guld (2005) and Kolb (2009) investigated the applied implications of stimulus equivalence,
by training conditional discriminations with compound class-specific reinforcers. The stimuli
consisted of quantities of familiar pictures, plus-one math facts, and in Kolb’s (2009) thesis,
plus-two math facts. Printed numerals, spoken numbers, and printed number words served as
elements of the compound class-specific reinforcers. In Guld’s (2008) thesis, two of the children
had been diagnosed with developmental disabilities, but they all demonstrated a kindergarten
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math level, in that they could recognize numerals, count to 10, and count objects. The first
baseline assessment was a match-to-sample “All Skills Test”, which included every relation that
might potentially emerge in later teaching sessions. These relations include: quantities to
quantities, numerals to quantities, printed number word to quantities, auditory word to quantities,
quantities to addition problems, addition problems to other addition problems which produce the
same numerical answer, addition problems to auditory words, and addition problem probes
testing novel combinations or arrangements of numbers (if 3 + 1 explicitly taught, 1 + 3 probed).
This test was administered again following teaching sessions to determine if further learning had
resulted.
Next, the participants were exposed to quantity training sessions where they were taught to
match stimuli composed of an equal number of objects, presented with different configurations
(e.g., if three hearts were presented as the sample, comparisons may be three stars, four suns, and
two moons). When the subject responded correctly, the corresponding compound class-specific
reinforcer was presented. For example, if the comparison of three stars was correctly matched to
the sample of three hearts, the class-specific consequence consisted of the spoken word “three”,
and either the printed word three, or the printed numeral three. Incorrect responses produced a
brief buzzer. Once two sessions were completed at 90% mastery criterion, reinforcement density
was reduced to 75%. When the mastery criterion was met under these conditions, the reinforcer
probe-testing phase began.
Samples on the reinforcer-probe trials included either the spoken numbers, the printed number
words, or the printed numerals, and comparison stimuli were quantities of objects. Probes also
tested for all combinations of reinforcer elements (i.e., spoken word to printed word; printed
word to numeral; spoken word to numeral). Once baseline and probe performances were stable
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in this phase, a second skills test tested for baseline relations between quantities and plus one
math facts. AB training followed, teaching subjects to match B comparison stimuli (simple
addition problems; x + 1) with the corresponding A sample stimuli (quantities). Reinforcement
density was reduced in this training phase as in quantity training.
Symmetry and reinforcer probes were administered next to evaluate any emergent
performances based on the previous training. AB baseline trials were presented along with BA
symmetry probes. Reinforcer probes tested for relations between B stimuli and printed numeral
words, B stimuli and numerals, printed numeral words and B stimuli, numerals and B stimuli,
and spoken number word to B stimuli.
In Guld’s (2005) study, six of the nine participants required verbal instructions on quantity
match-to-sample tasks, but went on to meet mastery criterion, even with reduced reinforcement.
Seven of the nine participants were exposed to reinforcer probes, and five participants met
criterion by performing in a class-consistent manner on intermixed baseline trials and reinforcer
probes. This suggests that each element of the compound class-specific reinforcers joined their
corresponding equivalence class. When these five participants were next exposed to AB training,
four met the mastery criterion, and three met criterion on the reduced reinforcement phase.
When presented with the subsequent probe tests (BA symmetry probes, and reinforcer probes
using B stimuli as comparisons) the three participants responded in a class consistent manner, by
demonstrating BA symmetry and by matching B stimuli with each of the class-specific reinforcer
elements when presented independently.
Kolb (2009) took Guld’s (2008) research a step further, adding an additional stimulus set (+2
stimuli) with quantity stimuli in a match-to-sample format. Correct responses were followed by
the same compound class-specific reinforcers (spoken number name and either the printed
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numeral or printed number word) as quantity-quantity training and quantity-+1 stimuli. Results
demonstrated class-consistent performances between all reinforcer components and +2 stimuli
(e.g., when presented with the printed number word “four” as a sample, the participant selected
C1 as a comparison, and vice versa), symmetry relations (e.g., when C1 was presented as a
sample, the participant selected the quantity four presented as a comparison), and transitivity
relations (e.g., when presented with the quantity four, the participant selected C1 as a
comparison), and combined tests of equivalence (e.g., the participant selected the quantity four
when presented with C1 as a sample).
These theses (Guld, 2005; Kolb, 2009) demonstrated the value in applying stimulusequivalence procedures to academically relevant stimuli. While only two (Guld, 2005) or three
(Kolb, 2009) conditional discriminations were directly trained, relations emerged between each
of the three components of the compound class-specific reinforcer, as well as symmetry relations
between A and B stimuli (Guld, 2005; Kolb, 2009) and transitivity relations between A and C
stimuli (Kolb, 2009). Further, Guld (2005) and Kolb (2009) provided further support for
Sidman’s (2000) position that all positive elements of a reinforcement contingency can become
equivalent and interchangeable for one another, as well as for Ashford’s (2003) findings that
each component of a compound class-specific reinforcer can join an equivalence class.
THE PRESENT STUDY
The purposes of the present study were several. At the theoretical level, this experiment
sought to examine Sidman’s (2000) account of equivalence more closely, specifically the
assertion that equivalence relations can be derived from any reinforcement contingency, and that
all elements of a contingency can serve as class members. As previously discussed, this would
imply that equivalence relations are not specific to the MTS procedure, or four-term
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contingency, with which they are commonly studied. Therefore, this experiment systematically
replicated research (Veenstra, 2007; Boye, 2008) that utilized a simple discrimination training
procedure and compound class-specific reinforcers to generate equivalence classes.
Second, the present study sought to expand on literature using individuals with developmental
delays and disabilities in equivalence research. It has been noted (e.g., Carr, Wilkinson,
Blackman & McIlvane, 2000; O’Donnell & Saunders, 2003) that research using individuals with
developmental delays and disabilities is limited. Demonstrations of equivalence with this
population would increase the breadth of the equivalence phenomena, especially in individuals
who lack the linguistic ability of a typically developing individual.
The present study also sought to expand on the implications of stimulus equivalence as a
potential teaching tool. Academically relevant stimuli were utilized, and emergent equivalence
relations provided further evidence for simple discrimination training procedures as efficient and
effective teaching tools for generating class formation. Previous research has found that
typically developing children (e.g., Pilgrim, Jackson, & Galizio, 2000) and children with
developmental disabilities (e.g., Eikeseth & Smith, 1992) have difficulty acquiring conditional
discriminations. When they are acquired, the process is often time consuming (e.g., Pilgrim, et
al., 2000). Utilizing a simple discrimination training procedure might be more appropriate for
efficient acquisition of baseline training trials in this population.
The following experiment trained simple discriminations with A stimuli, numerals 0, 4, 7 and
10, each of which were presented with incorrect forms of the numeral (i.e., mirror-image
orientation and upside down) serving as distracter stimuli. Inverted forms of the numeral were
chosen as distracters to potentially teach an academically relevant discrimination, as the
children’s teachers reported frequent numeral reversals. The spoken number word and printed
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number word were presented as class-specific consequences for responses to positive stimuli.
Responses to the distracter stimuli were followed with a buzzer. Simple discrimination training
with basic math problems dependent on each child’s baseline ability level (See Table 16), also
totaling 0 (when subtraction stimuli were utilized), 4, 7, and 10- followed. Responding to the
positive forms of the math stimuli as opposed to inverted forms of the problems will produce the
same compound class-specific consequences used with the numeral stimuli. For example,
reinforcer probes examined whether both elements of the compound CSR (spoken and printed
number word) became class members, by presenting them as samples or comparisons on
reinforcer probes with A, B and C stimuli serving in the other role. Finally, probe tests examined
whether equivalence classes would emerge from the simple discrimination training. The
emergence of untrained equivalence classes would provide further support for Sidman’s (2000)
position, that equivalence classes can emerge from any reinforcement contingency, and that all
elements of a reinforcement contingency, including compound class-specific reinforcers, can
become class members.
METHODS
Participants
Eight children participated in the present study, all of whom were between the ages of five
and eleven at the onset of the experiment. They were recruited from the special education
department of a local charter school, and were either in either kindergarten, first grade, or fifth
grade at the onset of the experiment. Parental consent was obtained for each child’s participation,
and release of developmental diagnoses was obtained for two children (See Table 1). The
Peabody Picture Vocabulary Test was administered to all participants to obtain an age norm for
receptive language skills (See Table 2).
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Table 1.
Developmental diagnoses and relevant academic information, obtained via school records with
parental consent.
Participant

Diagnoses

IQ

Accommodations
and Therapies

BG

Intellectual DisabilityModerate

WAIS IV

1x1 Shadow

FSIQ- 46

Speech, OT, PT

Verbal- 61

Separate
Exceptional
Placement (with
peers for lunch,
recess, and
resource)

Noonan Syndrome

PRI- 45
WMI- 68
PSI- 50

WS

Developmental Delay

WPPSI III

Pica

FSIQ- 85

Apraxia

Verbal- 79

Sensory Processing
Disorder

Performance- 97

Receptive and
Expressive
Language Delays
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Inclusion with
typically
developing peers
for most of day,
but participates in
special education
program for math
and reading

Table 2.
Peabody scores for receptive language age norms.
Actual Age

Receptive Language Age
norm

BG

10-09

6-08

CC

7-05

7-10

RM

8-09

6-03

WS

5-09

6-06

WW

7-05

5-08
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Apparatus and Stimuli
Two Apple iBook laptop computers were utilized for data collection, and were transported to
and from the school daily. MTS software (Dube, 1991) specifically designed for stimulus
equivalence research were loaded on the computers and used for all training and test sessions.
Testing took place in a trailer located on the school campus; the children will sit at child-sized
tables and chairs. Experimenters stood behind the children at all times to prevent any inadvertent
cueing.
Experimental stimuli were framed in 1 inch by 1 inch boxes, all of which were black and
white. Components of the compound class-specific consequences were presented
simultaneously following a correct response, and consisted of a spoken number word and a
printed number word. All printed-number word consequences were black-and-white, surrounded
with multicolored polka-dots to distinguish them as consequential stimuli. Children were
instructed to indicate the visual element of the compound class-specific consequence presented
by checking a tally sheet in the appropriate column upon presentation of each consequence. The
tally sheet presented all reinforcers in a chart format (see Appendix A). Over the course of the
experiment, the tally sheet became a distraction for the participants, and was thus replaced by
laminated cards with each number word printed on it, and were mixed up and placed in a random
array by the experimenter after each trial. However, selecting a card also proved to be a
distraction for some participants, so each of the four number words was printed in one cell of a
two-by-two grid. A reinforcer grid was printed out for each trial (24 total sheets), and were
placed in a binder. Placement of number words in the grid were counterbalanced, where no
number word was in the same spot for more than two sessions, and all number words were in the
same spot equal numbers of times. Selecting a distracter stimulus produced only a buzzer.
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Upon completion of each experimental session, the participant had the opportunity to choose
a sticker and place it on her or his sticker sheet. For every five stickers received, the child had
the opportunity to pick a small prize from the prize box.
Inclusion Criteria
Prior to the onset of experimental sessions, pretests were administered to examine the child’s
pre-existing math skills prior to training. Pretests were first administered via a table-top
procedure, using sheets of white paper bound in a large green notebook with trials ordered from
the lowest values (zero on all trials except for +1 and +2, which began at 1 and 2, respectively) to
ten. Each trial was presented discretely, and consisted of three comparison stimuli. No
consequences were provided aside from encouraging remarks unrelated to particular choices
(e.g., “Thank you for paying such close attention). When presented with three numeral
comparisons, each participant was asked to point to a specific number (e.g., “Show me which is
five”). Similarly, pretests included matching quantities of printed pictures to the number spoken
by the experimenter (e.g., three comparisons were presented, such as three hearts, four ice-cream
cones, and seven trucks. The experimenter asked the child to “show me four”). Ten trials
presented plus-one math problems totaling one through ten, followed by nine plus-two math
problems totaling two through ten. The experimenter asked the participant, for example, to
“Show me which is seven”. The children were next prompted by the experimenter to count from
zero to ten beads on an abacus. The requested number of beads were not presented in order. For
example, the experimenter may first prompt the child to count seven beads, then one, six, zero,
ten, and et cetera. The experimenter counted out a number of beads on the abacus, slide them to
the other end of the abacus, and ask the child “how many?’. These trials were also in
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randomized order. To be eligible for the experiment, the child must have been able to count up
to ten objects, and select the correct numeral when presented with its spoken name.
Experiment 1
General Procedure
Prior to beginning the experiment, each participant’s computer skills were assessed to
determine if she or he is capable of using a mouse. The one participant who was not proficient
with a mouse was instructed to point to the stimulus of choice, and the experimenter selected it
for them. Pretraining trials followed to familiarize participants with MTS procedures using
common stimuli (Pilgrim, et al., 2000). Identity MTS training with a single generalized
conditioned reinforcer (i.e., a jingle and colorful pattern of stars) were presented first, and
followed by thematic MTS training when the participant reaches 90% mastery criterion on two
sessions. Thematic MTS is characterized by matching stimuli that commonly occur together in
the natural environment (e.g., table and chair; cake and ice cream). Experimental sessions began
once mastery criterion has been met for thematic matching.
The present experiment employed a test-train-test-train-test approach. Pretests probed for all
trained and potentially emergent relations before and after each experimental training phase,
providing evidence that the programmed training contingencies were responsible for the
acquisition of new math skills.
The present experiment also utilized a multiple-baseline design across two or three
participants, to provide for further evidence that the programmed experimental contingencies
were responsible for any potential emergent relations. Onset of the experimental training were
staggered, with two participants requiring two sessions of stable pretest performances, two
participants requiring a minimum of five sessions, and one requiring a minimum of eight pretest
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sessions. More sessions were required if the stability criterion is not met. Participants were
randomly assigned to the various starting positions, the first of which is eligible to begin training
for each stimulus set after two sessions of stable pretest performances (see Table 3).
The following will outline the general procedures common to all participants. Because of
variability across participants in pretest performances, B and C stimulus sets varied across
participants, as did the target class-specific response (See Table 4 for B and C stimuli trained for
each participant). Specific modifications made for individual participants will be discussed in the
results section.
A-Stimuli Pretest
The pretest consisted of 16 trials, 12 in MTS format and four in simple discrimination format.
All relations tested could potentially emerge from the A stimulus simple discrimination training.
No trials on this test included programmed consequences. Four simple discrimination trial types
were presented with the numerals 0, 4, 7 or 10 as discriminative stimuli (or S+). Distracter
stimuli (or S-) were inverted forms of the same numeral; one backward and one upside down.
As previously described, in a simple discrimination trial, three stimuli (one S+ and two distracter
stimuli) were presented in three of the four corners of the computer screen, with position of each
stimulus determined quasi-randomly. For example, three orientations of the numeral “4” were
presented in one probe trial. The S+ stimulus is a correctly oriented numeral, while the
distracters were the same numeral presented in a backwards and in an upside down orientation.
A-stimuli pretests also included four MTS trials with the spoken word component from the
compound class-specific consequence presented as a sample, and three of the four training
numerals (0, 4, 7, or 10) presented as comparisons. For example, if the spoken word “zero” was
the sample, comparisons included correctly oriented numerals 0, 7, and 10. Four MTS trials
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Table 3.
Minimum number of pretest sessions for each participant, which were randomly assigned per the
multiple baseline design.

Participant

Minimum Number of Pretest Sessions

CC

2

RM

2

BG

2

WS

5

WW

5

BH

5

RD

8

SG

8
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Table 4.
Stimulus sets used for each participant.

A Stimuli

B Stimuli

C Stimuli

CC

numerals

minus-one

minus-two

RM

numerals

plus-one

plus-two

WS

numerals

arbitrary

BG

numerals

WW

numerals

SG

numerals

BH

numerals

RD

numerals

Class-Specific Response

Roman numeral-writing
signing numbers
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including the printed word from the compound CSR were also presented; on these trials the
numerals served as sample stimuli, and the printed number words as comparisons. If 10 was
presented as a sample stimulus, for example, comparison stimuli may include printed words
‘zero’, ‘four’, and ‘seven’. Likewise, four trials with printed number words as sample stimuli
and numerals as comparisons were also presented. For example, if the printed word ‘seven’ was
presented as a sample, comparison stimuli may include numerals 4, 7 and 10. (See Table 5 for all
trial types).
A-Stimuli Discrimination Training
Simple discriminations with A stimuli (numerals 0, 4, 7, and 10) were trained first. When
first introduced to the experiment, participants were invited to “play a game” with experimenters,
and then given the instruction to “pick the one you think is right”. Training sessions consisted of
24 simple discrimination trials, with one positive stimulus per session. For example, the numeral
4 (A1) was presented on all 24 trials in the first training session. Correct selections were
followed by a compound CSR as previously discussed, which included an auditory component
(i.e., spoken number name;) and a visual component (i.e., printed numeral name). Consistent
with the example above, the printed word four (R1) and the spoken number “four” (S1) followed
selection of the S+, while selecting an S- was followed by a buzzer. Each training session took
approximately 15 minutes. Once the mastery criterion met or exceeded 90% for two consecutive
sessions, A2 (i.e., numeral 7) simple discrimination training began. These training sessions
followed the same procedures. Once the mastery criterion for the A2 discrimination was met,
A3 (i.e., numeral 10) and A4 (i.e., numeral 0) training followed in an identical manner.
When the mastery criterion for numeral training was met, trials with all four A stimuli were
intermixed in a 36-trial session (nine with each numeral). Once a stable baseline at 90%
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Table 5
Pretest 1 trial configurations.

Trial Type

Sample

S+

S-

S-

S-

A Simple

n/a

numeral 4

inverted 4

inverted 4

n/a

n/a

numeral 7

inverted 7

inverted 7

n/a

n/a

numeral 10

inverted

inverted

n/a

10

10

Discrimination
A Simple
Discrimination
A Simple
Discrimination
A Simple

n/a

numeral 0

inverted 0

inverted 0

n/a

“four”

numeral 4

numeral 7

numeral

numeral 0

Discrimination
Reinforcer Sound
Probe

Reinforcer Sound

10

“seven”

numeral 7

numeral 4

Probe
Reinforcer Sound

numeral

numeral 0

10
“ten”

numeral 10

Probe
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numeral 4

numeral 7

numeral 0

Reinforcer Sound

“zero”

numeral 0

numeral 4

numeral 7

numeral 10

four

numeral 4

numeral 7

numeral

numeral 0

Probe
Reinforcer Visual
Probe
Reinforcer Visual

10
seven

numeral 7

numeral 4

Probe
Reinforcer Visual

numeral

numeral 0

10
ten

numeral 10

numeral 4

numeral 7

numeral 0

zero

numeral 0

numeral 4

numeral 7

numeral 10

numeral 4

four

seven

ten

zero

numeral 7

seven

four

ten

zero

numeral 10

ten

four

seven

zero

numeral 0

zero

four

seven

ten

Probe
Reinforcer Visual
Probe
Reinforcer Visual
Probe
Reinforcer Visual
Probe
Reinforcer Visual
Probe
Reinforcer Visual
Probe
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accuracy is established, reinforcement density was reduced to 75%, and then 50% of the trials,
to prepare for probe trials.
A-Stimuli Post-test
A-stimuli post-tests followed A stimulus training, and consisted of A stimuli baseline trials
with a 75% reinforcement density, and reinforcer probe trials. (See Table 6 for all trial types.)
These post-tests determined whether components of the class-specific consequence have become
interchangeable with the positive discriminative stimulus it follows. On reinforcer probes, one
of the two components of the class-specific consequences (either spoken number word, or
printed number word) presented in training served as either the sample or comparison stimuli, or
both, in a MTS format. Numerals from the A stimulus set served the other role. An example of
a reinforcer probe may be the spoken number “four” as the sample, and the numerals “4”, “10”,
and “7” presented as comparison stimuli. Selecting the numeral “4” was considered a classconsistent response. Likewise, the numeral “4” could be presented as a sample stimulus, with
the printed number words “four”, “zero”, and “ten” as comparisons. Selecting the printed word
“four” would be considered a class-consistent response. Each session consisted of eight
reinforcer probes with the visual component of class-specific consequences (i.e., printed words
zero, four, seven and ten served as samples with numerals as comparisons, and numerals served
as samples with printed words as comparisons) and four reinforcer probes with the auditory
component of the class-specific consequence (“zero”, “four”, “seven”, and “ten” served as
samples with numerals as comparisons).
B-Stimuli Pretest
As with A-Stimuli Pretests, all trained and potentially emergent relations from the B stimulus
set were presented before beginning the experimental training with those stimuli. Table 7
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Table 6.
A Stimuli reinforcer probes.

Baseline trials – simple

Trial type

Stimuli

Number of trials

A1

4

6

A2

7

6

A3

10

6

A4

0

6

A1- R1

4 - four

1

A2 – R2

7 – seven

1

A3 – R3

10 – ten

1

A4 – R4

0 – zero

1

R1 - A1

four – 4

1

discriminations

Probe trials – conditional
discriminations
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R2 - A2

seven – 7

1

R3 - A3

ten – 10

1

R 4 - A4

zero – 0

1

S1 -A1

“four” – 4

1

S2 - A2

“seven” – 7

1

S3 - A3

“ten”- 10

1

S4 - A4

“zero” – 0

1

A1- S1

4- “four”

1

A2- S2

7 – “seven”

1

A3 – S3

10 – “ten”

1

A4 – S4

0 – “seven”

1

S1 – R1

“four” – four

1

S2- R2

“seven” – seven

1

S3-R3

“ten” – ten

1
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S4-R4

“zero” - zero

1

R1 – S1

four – “four”

1

R2 – S2

seven – “seven”

1

R3 – S3

ten – “ten”

1

R4 – S4

zero – “zero”

1
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Table 7.
Pretest 2 trial configurations.

Trial Type

Sample

S+

S-

S-

B Simple Discrimination

n/a

B1

X1

X2

B Simple Discrimination

n/a

B2

X3

X4

B Simple Discrimination

n/a

B3

X5

X6

B Simple Discrimination

n/a

B4

X7

X8

Reinforcer Sound Probe

“four”

B1

B2

B3

Reinforcer Sound Probe

“seven”

B2

B1

B3

Reinforcer Sound Probe

“ten”

B3

B1

B2

Reinforcer Sound Probe

“zero”

B4

B1

B3

Reinforcer Visual Probe

four

B1

B2

B3

Reinforcer Visual Probe

seven

B2

B1

B3

Reinforcer Visual Probe

ten

B3

B1

B2

Reinforcer Visual Probe

zero

B4

B2

B3
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Reinforcer Visual Probe

B1

four

seven

ten

Reinforcer Visual Probe

B2

seven

four

ten

Reinforcer Visual Probe

B3

ten

four

seven

Reinforcer Visual Probe

B4

zero

four

ten

Note: Class 4 relations (math facts totaling zero) are not applicable with B and C addition
stimulus sets.
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presents all relations included in the pretest. Onset of experimental training was again staggered
as illustrated in Table 3, consistent with the multiple-baseline design. Participants required the
same number of stable sessions as with Pretest 1.For two participants, response patterns on
Pretest 2 indicated that relations with plus-one stimuli were already intact. For these
participants, plus-one stimuli were replaced with minus-one or arbitrary stimuli. Since B and C
stimulus sets varied across participants, the results section discusses methodologies specific to
each participant. Stimulus sets specific to each individual participant are listed in Table 5.
B Stimuli Discrimination Training
Once the determined stability criterion was met, simple discrimination training with the B
stimuli began. On any given trial, one B stimulus served as a S+, along with two distracter
stimuli. Selecting the B stimulus, rather than either distracter, was again followed by the same
compound class-specific consequences used in A discrimination training. Choosing either
distracter stimulus was followed by a buzzer.
Each B simple discrimination (e.g., B1, B2, B3 and B4) was trained individually. Once the
participant reached mastery criterion of 90% accuracy for two sessions on the B1 discrimination
training, she can proceed to B2, B3, then B4 training. When all discrimination training sessions
are complete, the three discrimination trial types were intermixed in 24-trial sessions. After two
sessions at 90% or better accuracy, reinforcement density was reduced following the same
procedures used for A simple discrimination training.
B-Stimuli Post-test
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Consistent with A-Stimuli Post-tests, B-Stimuli Post-tests presented reinforcer probes for
relations between B stimuli and each component of the class-specific consequence.
Additionally, probes tested for emergent relations between A and B stimuli.
Reinforcer probes tested for emergent relations between each of the two components of the
class-specific consequence and B stimuli. For example, in the presence of “1+3”, did the
participant select the printed word “four”? Likewise, in the presence of the spoken word
“seven”, would the participant select “1+6”? (See Table 8 for all trial types.) Probe trials also
tested for emergent relations between A and B stimuli. Though A and B stimuli were never
presented together in the experiment, probe tests examined whether a shared class-consistent
consequence can function as a node for class formation. An example AB probe went as follows:
in the presence of A1, selecting B1, as opposed to B2 or B3 would be considered a classconsistent response. However, because this trial is a probe, no differential consequences would
follow. On AB probes, A stimuli were presented as samples while B stimuli serve as
comparisons. BA probes were also presented, where B stimuli were presented as samples while
A stimuli serve as comparisons. AB and BA probes trials were intermixed with a mixed baseline
of A and B simple discrimination trials, responses on which will have a reinforcement density of
50 percent. If the participant responds class-consistently on all probe trials, evidence would be
provided for the formation of four (three if addition stimuli were used), four-member
equivalence classes (i.e., A1B1R1S1, A2B2R2S2, A3B3R3S3, A4B4R4S4; see Table 9 for all
probe types).
C-Stimuli Pretest
A third pretest followed AB probes, presented according to previously described procedures.
Three types of simple discrimination trials were presented with inverted and correctly oriented
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Table 8.
B stimuli reinforcer probes.

Baseline trialssimple
discriminations

Trial Types

Number of trials

B1

4
6*

B2

4
6*

B3

4
6*

Probe trialsconditional
discriminations

B4**

4

B1 – R1

1

B2 – R2

1

B3 – R3

1

B4 – R4

1**

R1 – B1

1

R2 – B2

1

R3 – B3

1

R4 – B4

1**

S1 – B1

1

S2 – B2

1

S3 – B3

1

S4 – B4

1**

B1 – S1

1

B2 – S2

1
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B3 – S3

1

B4 – S4

1**

*Number of trials with addition stimulus sets
**Not presented with addition stimulus sets
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Table 9.
AB/BA probed relations.

Relation

Trial Type

Reinforcement Density

Number of Trials

AB

Probe

0%

4
3*

BA

Probe

0%

4
3*

A Simple Discrimination

Baseline

50%

8
9*

B Simple Discrimination

Baseline

50%

8
9*

*Number of trials with addition stimulus sets
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plus-two math facts, each totaling either four, seven, or ten. C-Stimuli pretests assessed all
relations that could potentially emerge from C stimuli discrimination training. MTS trials
included the following reinforcer probes: three printed number-words as samples with plus-two
math facts as comparisons, three trials with plus-two math fact as samples and printed numberwords as comparisons, three trials with spoken number-words as sample and plus-two math facts
as comparisons, and the numeral presented as a sample with the child instructed to verbally
produce its name. Pretest trials were also presented to establish a baseline skill level for relations
that could potentially emerge between all three stimulus sets following C discrimination training:
AC, CA, BC, CB. (See Table 10 for all trial types.)
C Stimuli Discrimination Training
C stimuli discrimination training consisted of the following discriminative stimuli: C1, C2,
C3, and C4. Again, one numeral in each distracter stimulus was inverted. Upon selecting the
discriminative stimulus, the same class-specific consequence trained with A and B stimuli was
presented (e.g., selecting the correctly oriented “C1” stimulus was followed by the printed word
“four” (R1) and the spoken word “four” (S1). Selecting a distracter stimulus was followed by a
buzzer.
C-Stimuli Post-test
The final post-tests will test for emergent relations via reinforcer probes, AC, CA, BC, and
CB probes.
Emergent relations were probed between C stimuli and each component of the compound
class-specific consequences. Each component of the compound class-specific consequences was
presented as a sample with C stimuli as comparisons. For example, when presented with the
spoken word “ten” (i.e., S3) as a sample, will the individual select C3 instead of C1 or C2?
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Table 10.
Pretest 3 trial configurations.

Trial Types (1 of each)

Sample

S+

S-

S-

C Simple Discrimination

n/a

C1

X1

X2

C Simple Discrimination

n/a

C2

X3

X4

C Simple Discrimination

n/a

C3

X5

X6

C Simple Discrimination*

n/a

C4

X7

X8

Reinforcer Sound Probe

“four”

C1

C2

C3

Reinforcer Sound Probe

“seven”

C2

C1

C3

Reinforcer Sound Probe

“ten”

C3

C1

C2

Reinforcer Sound Probe*

“zero”

C4

C1

C3

Naming Probe

C1

n/a

n/a

n/a

Naming Probe

C2

n/a

n/a

n/a

Naming Probe

C3

n/a

n/a

n/a

Naming Probe*

C4

n/a

n/a

n/a

Reinforcer Visual Probe

four

C1

C2

C3
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Reinforcer Visual Probe

seven

C2

C1

C3

Reinforcer Visual Probe

ten

C3

C1

C2

Reinforcer Visual Probe*

zero

C4

C2

C3

Reinforcer Visual Probe

C1

four

seven

ten

Reinforcer Visual Probe

C2

seven

four

ten

Reinforcer Visual Probe

C3

ten

four

seven

Reinforcer Visual Probe*

C4

zero

C1

C2

*Not presented with addition stimulus sets
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Similarly, C stimuli may serve as samples, with the printed word component serving as a
comparison (e.g., if presented with C2, will the individual select the printed word “seven”,
opposed to the printed words “four” or “ten”?; see Table 11 for all trial types.)
Following reinforcer probes, AC and CA relations were probed. These probes were
interspersed with an intermittently reinforced baseline of mixed A and C simple discrimination
trials. An example of an A1C1 probe is as follows: in the presence of the numeral four (A1),
selecting comparison stimulus C1, rather than C2 or C3 would be a class-consistent response.
Because these stimuli will have never been presented together in the
experiment prior to these probe trials, their relation to the compound class-specific reinforcer
would be responsible for the emergent relation. Probes for conditional discriminations A2C2,
A3C3, C1A1, C2A2, and C3A3 would also be probed following identical procedures as those
described above. (See Table 12 for all trial types.)
BC and CB probe sessions followed next, with BC probe trials added to an intermittently
reinforced baseline of mixed B and C simple discrimination trials. The following is an example
of a B2C2 conditional discrimination probe: in the presence of B2, selecting comparison
stimulus C2 as opposed to C1 or C3 would be considered a class-consistent response, and
indicative of emergent equivalence relations. A total of six relations were probed in one session:
B1C1, B2C2, B3C3, C1B1, C2B2, and C3B3. (See Table 13 for all trial types.) If responses on
the all probe trials are class-consistent, one may say that three five-member equivalence classes
have formed: A1B1C1R1S1, A2B2C2R2S2, A3B3C3R3S3. Class-consistent performances
would provide further evidence for Sidman’s (2000) theory that equivalence relations emerge
from any reinforcement contingency, and that all members of a reinforcement contingency can
become equivalence class-members.

61

Table 11.
C-stimuli reinforcer probes.

Baseline trials- Simple discrimination

Trial Type

Number of trials

C1

4
6*

C2

4
6*

C3

4
6*

Probe trials- Conditional Discrimination

C4

4

C1-R1

1

C2-R2

1

C3-R3

1

C4-R4

1

R1-C1

1

R2-C2

1

R3-C3

1

R4-C4

1

S1-C1

1

S2-C2

1

S3-C3

1

S4-C4

1

C1-S1

1

C2-S2

1
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C3-S3

1

C4-S4

1

* Number of trials with addition stimulus sets
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Table 12.
AC/CA probed relations.

Relation

Trial Type

Reinforcement Density

Number of Trials

AC

Probe

0%

4
3*

CA

Probe

0%

4
3*

A Simple Discrimination

Baseline

50%

8
9*

C Simple Discrimination

Baseline

50%

8
9*

* Number of trials with addition stimulus sets

64

Table 13.
BC/CB probed relations.

Relation

Trial Type

Reinforcement Density

Number of Trials

BC

Probe

0%

3

CB

Probe

0%

3

B Simple Discrimination

Baseline

50%

9

C Simple Discrimination

Baseline

50%

9
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EXPERIMENT 1 RESULTS
Figures 1, 2, and 3 show A-stimuli pretest performances for all matched participants, with
trial types and stimuli grouped together, to illustrate the multiple baseline design. Such data are
not shown for B or C stimuli, as the only participants to complete these phases were CC and RM,
both of whom were randomly assigned to receive the minimum of two sessions of pretests.
Because of the numerous modifications made for individual participants, the following section
will review each participant’s data individually.
Inclusion Test
Fourteen participants received the inclusion test, results of which are presented in Table
14. The participants selected for participation in the study were able to correctly select a
quantity comparison in the presence of a spoken number word. Selecting the correct +1 and +2
comparison in the presence of a spoken number word occurred with approximately chance
accuracy for many participants, but below 60% for all of those included. A total of nine
participants met inclusion criteria, one of which did not participate in the experiment because the
permission slip was not returned.
Participant RM
Pretraining
After RM met criterion on inclusion tests, pretraining sessions were presented to familiarize
the participant with match-to-sample procedures. As seen in Figure 4, RM responded correctly
on 100% of identity-MTS and thematic-MTS trials, thereby meeting mastery criterion in two
sessions for both identity and thematic MTS.
A-Stimuli Pretests

66

Figure 1.
Matched participants A-stimulus pretest performances across all numerals and relations. Double
bars indicate when simple discrimination training occurred.
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Figure 2.
Matched participants A-stimulus pretest performances across all numerals and relations.
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Figure 3.
Matched participants A-stimulus pretest performances across all numerals and relations.
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Table 14.
Inclusion test performances.

Participant

Quantity

Numeral

Printed Words

+1

+2

AH

22/22

22/22

22/22

19/20

12/18

BH

22/22

22/22

16/22

5/20

8/18

BG

7/22

5/22

16/22

11/20

5/18

CC

20/22

22/22

9/22

11/20

7/18

RD

17/22

18/22

8/22

9/20

6/18

RM

22/22

22/22

16/22

13/20

9/18

WS

20/22

17/22

12/22

8/22

6/22

Note: The sample stimuli for all skills shown were spoken words. Numbers indicate correct
responses across the two versions of inclusion tests, out of the total items addressing that
respective skill. Participants in bold lettering remained in the experiment following the inclusion
tests.
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Figure 4.
RM- Identity MTS and Thematic MTS pretraining performances.
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Table 3 presents the minimum number of pretest sessions required for each participant.
Additional sessions were required when accuracy levels for any trial type were not stable. As
seen in Figure 1, Participant RM was randomly assigned to receive a minimum of two pretest
sessions. As seen in Figure 5, RM responded correctly on every numeral pretest trial for all trial
types. That is, she correctly matched the given numeral with the corresponding printed word and
spoken word in the MTS format, and she discriminated the correct orientation of the numeral in
the simple discrimination format.
A-Stimuli Training
To further familiarize RM with the procedures and provide further experience with
experimental stimuli, numeral simple discrimination training was presented in
spite of her class-consistent pretest performance. As seen in Figure 6 class-consistent responses
were made 75% of trials on the first session of simple discrimination training. When a second
session was presented, class-consistent responses increased to 100%. Every subsequent session
of numeral simple discrimination training was above the 90% mastery criterion.
A-Stimuli Post-tests
A-stimuli post-tests consisted of baseline trials with 75% reinforcement density, and
reinforcer probes. As seen in Figure 5, RM responded class-consistently on all trial types, which
included matching numeral comparisons to the corresponding printed-word as sample, matching
printed-word comparisons to the corresponding numeral as sample, selecting the numeral or
printed-word comparison that corresponded to a spoken number as sample, and naming a
numeral or printed word when presented as a sample. Accuracy on baseline trials was also
maintained at 100%.
B-Stimuli Pretests
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Figure 5.
RM- A-stimuli (numeral) and reinforcer component pretest and post-test performances, and
reinforcer component pretest and post-test performances for all numerals.

73

Figure 6.
RM- A-stimulus simple discrimination training performances with values 0, 4, 7, and 10.
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As seen in Figure 7, correct responses on the first plus-one pretest session were below chance
levels for printed word to plus-one relations, numeral to plus-one relations, and simple
discrimination trials. Spoken word to plus-one relations were, however, at 100% accuracy, and
naming plus-one stimuli was at 66% accuracy. With subsequent pretest sessions, accuracy on
many relations improved, requiring five sessions of pretests before stability was achieved. Bstimuli pretests indicated significant room for improvement with plus-one relations, specifically
with naming “1+6” and “1+9”, matching “1+6” and “1+9” to the printed words “seven” and
“ten”, respectively, and matching “1+3 and “1+6” with the numerals 4 and 7, respectively.
B-Stimuli Training
As seen in Figure 8, accuracy was at or above the 90% mastery criterion for all simple
discrimination training sessions. Accurate responding was maintained when baseline trials were
intermixed and when reinforcer density was reduced.
B-Stimuli Post-tests
As shown in Figure 7, all relations between B stimuli and auditory and visual reinforcer
components emerged immediately. Responses on plus-one post-tests were class-consistent,
including reinforcer probes and AB probes. Class-consistent responding was demonstrated on
sessions two and three for all AB relations.
C-Stimuli Pretests
Plus-two pretests followed AB probe sessions. As seen in Figures 9 and 10, five pretest
sessions were administered before stable responding was demonstrated. There was significant
room for improvement with naming “2+5” and “2+8” math facts, and matching these math facts
to their respective spoken number-name. Similarly, matching “2+5” with the printed word
“seven” occurred at approximately chance levels. There was also significant room for
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Figure 7.
RM- B stimuli (plus-one) pretest and post-test performances, for auditory reinforcer relations, visual reinforcer relations and numeral
– plus-one relations. Double bars indicate when simple discrimination training occurred.
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Figure 8.
RM- B-stimulus (plus-one) simple discrimination training performances with values 4, 7, and 10
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Figure 9.
RM- C stimuli (plus-two) reinforcer pretest and post-test performances, for auditory reinforcer relations and visual reinforcer relations.
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Figure 10.
RM- AC (numeral - plus-two) and BC (plus-one – plus-two) pretest and post-test performances.
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Session	
  

improvement on matching the numeral 4 and “2+2”, and for matching all plus-one and plus-two
math facts to one another. Accuracy on plus-two simple discrimination trials was stable at 100%.
C-Stimuli Training
As seen in Figure 11, accuracy was above the mastery criterion across all training sessions,
and was maintained when reinforcement density was reduced.
C-stimuli Post-tests
As seen in Figure 9, all auditory reinforcer relations (i.e., matching a plus-two math fact with
its spoken number name) emerged immediately. Similarly, “2+2” and “2+5” were named classconsistently when first presented in post-tests. “2+8”, while named incorrectly in sessions 1 and
2, was named class-consistently in sessions 3 and 4, thus meeting the mastery criterion.
Likewise, all visual reinforcer relations emerged immediately. Figure 10 shows that responding
on AC probes was not class-consistent for either “2+5” or “2+8” stimuli, so two additional
sessions of mixed C simple discrimination baseline trials with 100% reinforcement density were
presented. When responding on AC probes was still not classconsistent, two sessions of mixed A1 and A2 simple discriminations were presented, to be
followed by two sessions of mixed A2 and A3 simple discriminations, and then two sessions of
A1 and A3 simple discriminations to enhance discriminability between each numeral. After
completing two sessions of mixed A1 and A2 simple discriminations, another session of AC
training was presented., From this point on, responding was 100% class-consistent across all
relation.
To prepare RM for BC (plus-one to plus-two) probes, two sessions of mixed B and C simple
discrimination baselines, the first with 100% reinforcement density and the second with 50%,
were next presented, followed by BC probes. As seen in Figure 9, responses were reliably class-

80

Figure 11.
RM- C-stimulus (plus-two) simple discrimination training performances with values 4, 7, and 10.
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consistent only for stimuli totaling “four” across twelve sessions of testing, so one session of
thematic MTS was administered. Responses on probes with stimuli totaling “seven” and “ten”
were still not class-consistent, so the comparison stimulus totaling “seven” was eliminated on
trials with either “2+8” or “1+9” as samples, making these probes two-choice trials with
comparisons totaling either 4 or 10. Experimenters hypothesized that eliminating the stimulus
that was chosen incorrectly could help to shape class-consistent responding. However, accuracy
levels did not improve following this modification, and very short response latencies were
observed. Next, to help ensure that RM was attending to all stimuli, she was instructed to point to
every stimulus prior to making a selection, then point to her comparison selection, while the
experimenter controlled the mouse. With this modification, the mastery criterion was met in two
sessions.
Participant CC
Pretraining
As seen in Figure 12, CC responded correctly on 100% of identity- MTS and thematic-MTS
trials, meeting mastery criterion after two sessions for each pre-training phase.
A-Stimuli Pretests
As seen in Figure 2, CC was randomly assigned to receive a minimum of two pretest sessions
(see Table 3). As seen in Figure 13, CC responded class-consistently on all pre-test trial types
during sessions one and two.
A-Stimuli Training
As with RM, CC was exposed to numeral simple discrimination training, as seen in Figure 14.
On the first session of simple discrimination training with the numeral four, he responded classconsistently on 62% of the trials, but accuracy increased to 100% on session two. Every
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Figure 12.
CC- Identity MTS and thematic MTS pretraining performances
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Figure 13.
CC- A-stimuli (numeral) pretest and post-test performances for auditory and visual reinforcer
relations, and pretest and post-test performances with reinforcer elements.
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Figure 14.
CC- A-stimuli (numeral) simple discrimination training performances with values 0, 4, 7, and 10.
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subsequent session of numeral simple discrimination training exceeded the 90% mastery
criterion. Class-consistent responses remained above 90% when the trial types involving all four
numerals were intermixed, and when reinforcer density was reduced to 75% and 50%.
A-Stimuli Post-tests
As seen in Figure 13, CC responded class-consistently on the first presentation of all
reinforcer probes. Baseline accuracy was maintained above the 90% accuracy criterion during
all sessions.
B-Stimuli Pretests
As seen in Figure 15, five sessions of B-stimuli (i.e., plus-one) pretests were required before
CC’s response patterns were stable. Responses were class-consistent on 100% of simple
discrimination trials, with the exception of session 3, where class-consistent responses were
demonstrated on two of the three simple discrimination trial types. Responses on the relations
that might emerge from B training were somewhat variable but well above chance. In session
one, CC responded class-consistently on four of the six “numeral to plus-one” trials. In
subsequent sessions, responses were class-consistent on five of the six “numeral to plus-one”
trials. CC responded class-consistently on 100% of “spoken word to plus-one” trials during
sessions one, two, and five. On sessions three and four, responses were not class-consistent on
one of the three trials of this type. Responses were accurate on every plus-one naming trial
during all five sessions. Lastly, class-consistent responding on “printed-word to plus-one” trials
was demonstrated for only two of the six trials on session one. However, accuracy levels
increased dramatically during session two, where class-consistent responding was demonstrated
on five of the six trials. This accuracy level was maintained during session three, and increased
to 100% class-consistent responding on sessions 4 and 5.
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Figure 15.
CC- B-stimuli (plus-one) pretest performances for auditory and visual reinforcer relations, and
AB (numeral – plus-one) relations with values 4, 7, and 10.
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Because CC’s accuracy levels were significantly above chance, subtraction stimuli were
introduced. As seen in Figure 16, four sessions of pretests were required before stable
responding was demonstrated. Class-consistent responding on simple discrimination trials was
at 100% on all sessions. Chance-level performances were seen on the “zero” and “ten” auditory
reinforcer probes (i.e., matching a minus-one math fact to spoken number word), “1-1” and “111” naming probes, “ten” visual reinforcer probes (i.e., matching 11-1 and the printed word
“ten”), and “four” and “ten” AB probes (i.e., matching numeral and minus-one stimuli).
B-Stimuli Training
As seen in Figure 17, accuracy levels were above the mastery criterion on training sessions
for all stimuli, and class-consistent responding was maintained when stimuli were intermixed
and reinforcement density was reduced. A month-long school break began just after CC met
mastery levels, so two additional sessions of B simple discrimination training at 50%
reinforcement density were conducted prior to beginning post-tests. Accuracy levels were at
100%, ensuring that all baseline relations were still intact.
B-Stimuli Post-tests
As seen in Figure 16, the first two sessions of B auditory reinforcer probes indicated that all
relations involving zero and four stimuli were intact. While naming 8-1 was class-consistent
across sessions one and two, CC’s response on an auditory seven reinforcer probe was not classconsistent on session one. On probes involving “ten” stimuli, 11-1 was named incorrectly on the
first two sessions, and responding on the “ten” auditory reinforcer probe was incorrect on the
second session. Visual reinforcer probes were presented next to determine whether one element
of the reinforcer had become an equivalence-class member, while the other had not. Responses
indicated that, while all responses on “zero” and “four” stimuli were class-consistent, responses
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Figure 16.
CC- B-stimuli (minus-one) pretest and post-test performances, for auditory and visual reinforcer relations, and AB relations.
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Figure 17.
CC- B-stimulus (minus-one) simple discrimination training performances with values of 0, 4, 7,
and 10. Double bars indicate breaks in training for probe sessions.
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were 100% class-consistent on only the first session for seven stimuli, and 50% on the second
session. No responses on probe trials involving “ten” stimuli were class-consistent across the
first two sessions of visual reinforcer probes.
Two sessions of mixed B simple discrimination baselines were next presented with 100%
reinforcement density, so the participant could gain additional contact with the reinforcement
contingency. Accuracy on both sessions was above mastery criteria. A third session of Bstimuli visual reinforcer probes was presented, and response patterns were similar to those
demonstrated prior to additional baseline sessions. Two sessions of B-stimuli mixed baselines
with 100% reinforcement density were again presented, followed by a third session of B auditory
reinforcer probes. This post-test session was modified, in that five trials of the B4 (11-1) simple
discrimination were presented at 100% reinforcement density prior to the onset of the session.
Thus, this post-test session consisted of 29 trials, including baseline trials and probe trials, and 12
of the 29 total trials had programmed reinforcers. While responses were class consistent on
100% of the zero, four, and seven auditory probes, responding on the “ten” auditory probe trials
were not class-consistent. Further, on naming trials, CC said “two” in the presence of “1-1”, and
“three” in the presence of “11-1”. Two sessions of B4 simple discriminations were presented
next, and accuracy levels were at 100% across both sessions. This was followed by an additional
session of auditory reinforcer probes, where class-consistent responding was low across all
stimuli. CC responded class-consistently on all visual reinforcer probes for “four” and “seven”,
and all reinforcer probes for “zero” with the exception of naming probes. CC did not respond
class-consistently on any of the probe types for “ten” (11-1). AB probes were presented next,
since CC’s verbal behavior indicated frustration with repeating the same post-tests. Responses
on zero, four, and seven were all class-consistent on AB probes, but class-consistent responses
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on ten probes were at 0%. CC’s verbal behavior indicated that he was treating each digit in the
number “eleven” as an individual unit, as he would consistently say that the number “eleven”
was “two”, and “two minus one is one”. Therefore, trials involving the value ten were
eliminated from all further probe testing. Visual probes were next presented again without “111”, and responses were class-consistent on all probe trials across two sessions. Auditory probes
followed, and responses on all probes were class-consistent across two sessions, with the
exception of naming “1-1”, in the presence of which CC still responded with “one”.
C-Stimuli Pretests
Four sessions of pretests were administered with minus-two math facts totaling “zero”, “four”
and “seven” before response patterns were considered stable. As seen in Figures 18 and 19,
there was room for improvement with most relations, including: naming “2-2” and “6-2”, “four”
auditory probes, “zero” and “four” visual reinforcer probes, zero and four AC (matching numeral
and math fact) probes, and zero and four BC probes (matching minus-one and minus-two math
facts).
C-Stimuli Training
As seen in Figure 20, responding was accurate on 100% of training trials, and was maintained
when C-stimuli simple discrimination trials were intermixed and reinforcement density was
reduced to 75% and 50%.
C-Stimuli Post-tests
As seen in Figures 18 and 19, all probed relations emerged immediately in the minimum two
sessions, including visual and auditory reinforcer relations, AC relations, and BC relations.
Participant WS
Pretraining
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Figure 18.
CC- C-stimuli (minus-two) pretest and post-test performances with auditory and visual reinforcer components.
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Figure 19.
CC- AC (numeral – minus-two) and BC (minus-one – minus-two) pretest and post-test performances.
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Figure 20.
CC- C-stimuli (minus two) simple discrimination training with values of 0, 4, 7, and 10.
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As seen in Figure 21, WS required four sessions of identity MTS training and two sessions of
thematic training prior to meeting the mastery criterion of 90% correct.
A-Stimuli Pretests
As seen in Figure 1, WS was randomly assigned to receive a minimum of five pretest sessions
(See Table 3). As seen in Figure 22, responses on “numeral to printed word” relations, “naming
printed word” relations, “numeral naming”, and simple discriminations were all at approximately
chance levels of accuracy. Class-consistent responses on the spoken-word to numeral relations
were at about chance for the first two sessions, then trended upwards to 100% accuracy by
session 5. In the presence of the spoken words “seven” and “ten”, the corresponding printed
word was also matched class-consistently.
A-Stimuli Training
As seen in Figure 23, accuracy on the first session of A1 training (numeral four) was
approximately 60%. With the second and third session of A1 training, accuracy improved to
95%, meeting the mastery criterion. The accuracy criterion was met for A2, A3, and A4 training
sessions, and was maintained when all A stimuli were intermixed with 100% reinforcement
density, and when reinforcement density was reduced.
A Post-tests
As seen in Figure 22, 100% class-consistent responding was demonstrated on “numeral to
printed-word” reinforcer probes, on “numeral to spoken-word” probes, and on naming probes.
Two additional sessions were required for “printed-word to spoken-word” reinforcer-component
probes, as the participant did not demonstrate class-consistent responding
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Figure 21.
WS- Identity MTS and thematic MTS pretraining performances.
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Figure 22.
WS- A stimuli (numeral) pretest and post-test performances with auditory and visual reinforcer components, and between each
reinforcer element.
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Figure 23.
WS- A-stimulus (numeral) simple discrimination training performances with values 0, 4, 7, and
10.
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on one trial for the first two sessions. Responses on all probe trials were class-consistent on the
final two sessions of reinforcer-component probes, and baseline accuracy levels were maintained
above 90% during all probe sessions. Therefore, WS’s response patterns demonstrated all
potentially emergent relations.
B and C Stimuli Pretests
As seen in Figure 24, accuracy levels on all relations that could potentially emerge from B
training indicated that these relations were intact prior to training. Therefore, C pretests were
presented next, rather than B stimuli training. As seen in Figures 24, 25, and 26, a similar
pattern of responding was demonstrated on C stimuli pretests, B pretests with subtraction stimuli,
C pretests with subtraction stimuli, and B pretests with multiplication stimuli.
As seen in Figure 26, although accuracy levels on C pretests with multiplication stimuli left
room for improvement, the participant’s verbal behavior indicated that a rule of responding may
have been influencing accuracy levels, and could be responsible for accuracy levels on post-tests,
rather than training. This verbal behavior indicated that in the presence of 0x2, the participant
selected the S+ on the basis of identity, thus ignoring one component of the C stimulus. In the
presence of 2x2, the participant indicated that the answer must be four, since 2+2 equals four.
With the stimulus 2x5, his verbal behavior indicated that correct responses were a product of
exclusion. To rule out control by this rule, C multiplication stimuli were excluded from the
experiment.
Pretests with Roman numerals representing four, seven and ten were presented next, and
response patterns indicated class-consistent responding at approximately chance levels for all
potentially emergent relations until session four, where responses were 100% class-consistent on
all trial-types. Hypothesizing that WS might be learning these relations at home, abstract novel
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Figure 24.
WS- Plus-one, plus-two, and minus-one pretest performances.
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Figure 25.
WS- Minus-two, times-one, and times-two pretest performances.
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Figure 26.
WS- Times-two and Roman numeral pretest performances.
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stimuli were selected as B stimuli. Pretests followed the same procedures as previously
described, and were followed by the same class-specific reinforcers. As seen in Figure 27, after
five sessions of pretests, class-consistent responding stabilized at 0% for all probed relations.
B-Stimuli Training
Three simple discrimination training sessions with B1 were required to meet the mastery
criterion. As seen in Figure 28, mastery criterion was met within the minimal two sessions for
B2, B3, and B4 simple discriminations, and accuracy was maintained when stimuli were
intermixed and the reinforcement density was reduced.
B-Stimuli Post-tests
B auditory probes were presented first, and as seen in Figure 27, class-consistent responding
was at approximately chance levels for two sessions. Two sessions of mixed B simple
discriminations, the first with 100% reinforcement density and the second with 50%
reinforcement density, were presented next to further expose WS to contingencies, and accuracy
was at 100% for both sessions. B Auditory and naming probes were presented again, and classconsistent responding was still below chance levels. WS’s verbal behavior indicated he was
selecting the arbitrary stimulus that most closely resembled the given numeral (e.g., in the
presence of the spoken word “zero”, WS responded to the arbitrary stimulus which most closely
resembled the numeral zero). To enhance discriminability between A and B stimulus sets, two
sessions of A mixed simple discriminations, one at 100% reinforcement density and the second
at 50% reinforcement density were presented next, followed by two sessions of A-stimulus
auditory probes. Accuracy on simple discrimination baseline sessions was at 100%, and all A
auditory and naming probes were class-consistent. Two sessions of mixed B-stimulus simple
discrimination baselines followed, again one with 100% reinforcement density, and the second
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Figure 27.
WS- B Arbitrary pretest performances for auditory and visual reinforcer relations, and auditory post-test performances.
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Figure 28.
WS- A (numeral) and B (arbitrary stimuli) simple discrimination training performances with
values 0, 4, 7, and 10.
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with 50% reinforcement density. Two sessions of auditory reinforcement probes followed, and
responses on all probe types were below chance. WS’s verbal behavior still indicated that
responding was controlled by the stimulus that looked most like the spoken number on auditory
probes, and that he was naming stimuli either “zero”, “four”, “seven” or “ten”, depending on
which numeral they looked most like. Therefore, this stimulus set was abandoned due to an
interfering stimulus control issue.
Participant BG
Pretraining
As seen in Figure 29, BG met the mastery criterion on both identity and thematic MTS after
the minimal two sessions.
A-Stimuli Pretests
As seen in Figure 3, BG was randomly assigned to receive a minimum of two pretest sessions
(see Table 3). As seen in Figure 30, pretest performances indicated room for improvement for
naming all numerals, matching 0, 7, and 10 with the corresponding spoken word, matching all
numerals to the corresponding printed word, naming all printed words, and matching the printed
words zero, seven, and ten with the corresponding spoken word.
A-Stimuli Training
As seen in Figure 31, accuracy levels on A1 simple discrimination training were at
approximately chance levels, even after three training sessions, so A2 (zero) simple
discrimination training was presented. A2 may be more discriminable from the distracter stimuli
than was A1, which could facilitate more rapid acquisition of the discrimination. The A2 simple
discrimination was gradually acquired, after which A3 (seven) training followed. Response
accuracy on A3 simple discrimination sessions remained around chance for seven sessions, so
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Figure 29.
BG- Identity MTS and thematic MTS pretraining performances.
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Figure 30.
BG- A-stimuli (numeral) pretest and post-test performances, with auditory and visual reinforcer components, and between each
reinforcer component.
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Figure 31.
BG- A-stimulus simple discrimination training performances and modifications with values 4 (A1), 7 (A2), 10 (A3), and 0 (A4).
Double bars during A1 training indicate a break in training this relation. All other relations (A2, A3 and A4) were trained, then A1
was presented again.
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the size of A3 was increased, in an attempt to shape accurate responding. When accuracy levels
were at 50%, the distracter stimuli were decreased in size. Following this manipulation,
accuracy levels improved, eventually meeting the mastery criterion. When the previous fading
step was presented again, the mastery criterion was met after only two sessions. Two sessions of
A3 simple discrimination trials with all stimuli at original size followed, and accuracy levels fell
again, significantly below mastery. In the next session, the size of the S+ was gradually faded
trial-by-trial, followed by several sessions in which all stimuli were identical in size, and
accuracy levels met the mastery criteria. Four sessions of A3 simple discrimination training
followed with no modifications, and performance ultimately met the mastery criterion. A1 was
next reintroduced, and mastery criterion was met after six sessions. A4 simple discriminations
followed, and the mastery criterion was met after three sessions. Intermixed stimuli were first
presented in block format (six consecutive sessions of each stimulus presentation) to reintroduce
stimuli that had not been encountered recently. Accuracy was maintained across 100% of trials,
so completely intermixed trials were next presented, with accuracy levels at or above mastery
criterion, even when reinforcement density was reduced.
A-Stimuli Post-tests
As seen in Figure 30, auditory reinforcer probes were presented first, and all responses were
class-consistent after three sessions. Reinforcer component probes followed, and classconsistent responding was maintained at 100% across the minimal two sessions. Visual
reinforcer probes were presented last. Class-consistent responding was at 100% across all
probed relations on the first session, but mastery was just below 100% across all relations for the
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next three sessions. However, 100% accuracy was demonstrated after 6 sessions of visual
reinforcer probes.
Participant WW
Pretraining
As seen in Figure 32, WW met the mastery criterion after the minimum two sessions on
identity MTS training, and after four sessions of thematic MTS training. A-Stimuli Pretests
As seen in Figure 3, WW was randomly assigned to receive a minimum of five pretest
sessions (see Table 3). As seen in Figure 33, pretest performances indicated room for
improvement on zero and seven auditory probe-types, and all visual reinforcer probe-types.
A-Stimuli Training
As seen in Figure 33, accuracy levels on the first session of A1 training were at approximately
70%, and mastery criterion was met after five sessions. Mastery was met for A2, A3, A4, and
intermixed simple discriminations after the minimum of two sessions.
A Post-tests
As seen in Figure 33, accuracy levels on visual reinforcer probes were at approximately
chance levels on the first session, though accuracy on baseline trials with 75% reinforcement
density was maintained above the mastery criterion. WW underwent further intermixed Astimuli training with 100% reinforcement density to provide additional exposure to the
experimentally-arranged contingencies. To ensure that he was attending to the visual component
of the reinforcer rather than its placement on the tally sheet, small laminated flashcards were
presented in a two-by-two matrix to the participant’s right, instead of the tally sheet. Card
placement after each trial was random, as cards were shuffled by the experimenter before each
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Figure 32.
WW- Identity MTS and thematic MTS pretraining performances.
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Figure 33.
WW- A-stimuli (numeral) visual and auditory pretest and post-test performances, and A simple discrimination training.

114

presentation. Accuracy met the mastery criterion across the two sessions presented. A post-tests
were not presented again, as this participant left the school following his second session of Astimuli mixed baselines.
Participant BH
Pretraining
As seen in Figure 34, BH met the mastery criterion on the first two identity MTS and
thematic MTS sessions.
A-Stimuli Pretests
As seen in Figure 2, BH was randomly assigned to receive a minimum of five pretest sessions
(See Table 3). As seen in Figure 35, accuracy levels were at 100% for all trial types. However,
he was still exposed to A-stimulus training to provide experience with the experimental
contingencies.
A-Stimuli Training
As seen in Figure 35, BH met mastery criterion on the first two sessions of A1 training. He
was then withdrawn from the school and was unable to continue in the experiment.
Participant RD
Pretraining
As seen in Figure 36, RD’s response accuracy on identity MTS exceeded mastery criterion on
the first two sessions of pretraining, so he proceeded to thematic MTS training. Accuracy levels
were at approximately 75% on the first two sessions, then fell to around chance. Identity MTS
sessions were again presented for the purpose of further exposing the participant to the
reinforcement contingencies, but accuracy levels remained around chance for several sessions.
The number of trials per session were decreased from 36 to 18, but accuracy levels remained
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Figure 34.
BH- Identity MTS and thematic MTS pretraining performances.
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Figure 35.
BH- A-stimuli (numeral) pretest performances, and A simple discrimination training with values 4 and 7.
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Figure 36.
RD- Identity MTS and Thematic MTS with modifications. Double bars indicate when the other
pretraining arrangement was in effect.
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around chance. To shape accurate responding, an errorless learning procedure was implemented,
where only the sample stimulus and the discriminative stimulus were presented, with no Scomparisons. After completing two sessions of errorless learning training, a three-choice MTS
procedure was again presented, and the accuracy criterion was met for identity MTS. RD
withdrew from the school before any further testing could be completed.
Participant SH
Pretraining
As seen in Figure 37, SH’s response accuracy on identity and thematic MTS exceeded
mastery criterion on the first two sessions of pretraining.
A-Stimuli Pretests
SH was randomly assigned to receive a minimum of eight sessions of pretests. (See Table 3.)
As seen in Figure 38, room for improvement was indicated for all relations between visual
reinforcer components and A stimuli, as well as for naming the visual reinforcer components. SH
was withdrawn from school immediately after completing pretests, and was unable to begin Astimulus training.
EXPERIMENT TWO METHODS
The second experiment sought to expand on transfer of function research (e.g., Dougher et
al.,1994), which provides evidence that a function trained for one equivalence-class member can
transfer to all other class members. Depending on the child’s baseline performance-level, a
class-specific response of writing a corresponding Roman numeral or signing was trained with
the A stimulus set, where the participant will emit the trained response indicated by each
stimulus using a pencil and paper if writing a response, or emitting a corresponding sign via
American Sign Language, which was recorded by the experimenter. Probe trials assessed
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Figure 37.
SH- Identity MTS and thematic MTS pretraining performances.
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Figure 38.
SH- A-stimuli pretest performances for auditory, visual, and reinforcer component relations.
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transfer of the response to B and C stimuli (e.g., train the Roman numeral “IV”, or ASL sign for
“four” in the presence of the numeral 4, then assess whether the response is emitted in the
presence of B1 and C1).
Class-Specific Response Pretest
Since it was unlikely that a child would spontaneously write a Roman numeral in the presence
of a numeral or math fact, experimenters determined whether the Roman numeral-writing
response was in a participant’s repertoire by their verbal behavior during training (i.e., did they
indicate any recognition of this response). For the sign language-response, participants were
asked if they know sign language, and if they would sign numbers 1-10, randomly intermixed.
Responses were recorded. This assessment also tested whether the child had the fine motor skills
to emit sign language.
Class-Specific Response Training
As in Experiment One, training with each A stimulus (i.e., numerals 4, 7, 10, and 0 when
signing was the target response) was conducted one-at-a-time, in sessions consisting of 24 trials.
On each trial of the counting class-specific response training, one A stimulus appeared alone in
the center of the screen. Experimenters first introduced the response by telling the child, “When
you see this on the screen (pointing to the A stimulus), write/sign this”, then emitting the
response. The child was next given the chance to emit the response on their own, prompted only
with, “What do you write?”, or “What do you do with your hands?”. If the child emitted a classconsistent response, the experimenter presented the compound class-specific reinforcer (i.e.,
printed number word and spoken number word, surrounded with polka dots) on the center of the
computer screen. The same stimulus book from Experiment One will again be used, and the
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child marked beneath the reinforcer delivered. An incorrect response was followed by the
buzzer, now initiated manually by the experimenter.
Experimenters stood behind the participant as in Experiment One. The experimenter did not
speak or make any movements that could signal completion until the child knocks, to avoid
inadvertent cueing.
Training began with stimulus A1 (numeral 4). Once the mastery criterion of 90% correct
over two consecutive sessions is met, A2 training (numeral 7), A3 (numeral 10), and A4 training
(numeral 0, when signing was the target response) followed. Upon mastery of class-consistent
responses to all A stimuli, baseline trials were intermixed, and reinforcement density reduced,
such that programmed consequences followed responses on 50% of trials.
Post-test
Once accuracy on baseline trials was stable, reinforcer probes were presented, involving
individual elements of the class-specific consequences. Either a spoken number word, or a
printed number-word element was presented in the center of the screen, and the experimenter
again prompted the child with, “What do you write/sign”. Probe trials involved no programmed
consequences. (See Table 15 for probe types).
The next probe sessions assessed whether the class-specific response transferred to B and C
stimuli. One B or C stimulus was presented in the center of the screen, just as A stimuli were
during training sessions. The experimenter again prompted the child, if necessary, with “What
do you write/sign?”. No consequence followed correct or incorrect responses, as these were
probe trials. B and C probes were interspersed with a mixed baseline of A stimulus trials, for
which reinforcers were delivered intermittently on 75% of trials. (See Table 16 for all trial
types).
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Table 15.
Class-specific response reinforcer probe trials.

Relation

Trial Type

Reinforcement Density

Number of Trials

Printed Word - CS
Response

Probe

0%

4

Spoken Word- CS
Response

Probe

A Conditional
Discrimination

Baseline

3*
0%

4
3*

75%

16
18*

*Number of trials with writing roman numerals as the target response
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Table 16.
B and C-stimuli class-specific response probe trials.

Relation

Trial Type

Reinforcement Density

Number of Trials

B Stimuli- CS Response

Probe

0%

4
3*

C Stimuli- CS Response

Probe

0%

4
3*

A Conditional
Discrimination

Baseline

75%

16
18*
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EXPERIMENT TWO RESULTS
Participant RM
Class-specific Response Training
As seen in Figure 39, RM correctly wrote the Roman numeral IV across two sessions (48
trials) of A1 response-training with 95% and 100% accuracy on sessions 1 and 2. Similarly, she
correctly wrote VII across two sessions of A2 (seven) training trials, again at 95% and 100%
accuracy on sessions 1 and 2. Next, trials with A1 and A2 as samples (i.e., 4 and 7) were
intermixed, to ensure that written responses were under conditional control of the numeral. The
initial responses were not class-consistent, and each required an additional modeling session.
Accuracy was then at 100% on all additional sessions. Trials with A3 (i.e., numeral 10) were
intermixed with A1 and A2, and all responses were class-consistent after one modeling session.
Accurate responding was maintained at 100% when reinforcement density was reduced to 75%
and 50%.
Class-specific Response Post-tests
Each stimulus element from the compound class-specific reinforcer was presented , and as
seen in Figure 40, written Roman numeral responses for all visual and auditory probes were
class-consistent on the first two sessions. B and C transfer-of-function probes followed, and
responses on all of these probes were also class-consistent across the first two sessions.
Participant WS
Class-Specific Response Pretests
Since WS had previous experience with Roman numerals, his target class-specific response
was sign language. Pretesting consisted of prompting him to touch each finger to his thumb, to
ensure that he had the manual dexterity to use sign language. He was able to complete this step
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Figure 39.
RM- Experiment 2- class-specific response (Roman numeral-writing) training performances.
* trained discretely
**4 and 7 intermixed
^ 75% reinforcement density
^50% reinforcement density
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Figure 40.
RM- Experiment 2 transfer-of-function reinforcer component (written and spoken word) probes, B (plus-one) probes, and C (plustwo) probes.
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without issue. Next, numerals 1-10 were presented in random order on a computer screen, and
he was asked “what should you sign with your hands?”. In the presence of these numerals, WS
attempted to form each numeral with his entire body out of his seat.
Class-Specific Response Training
Two sessions with mixed A1 and A2 stimuli were presented first, and were followed by two
sessions of mixed A1, A2, and A3, stimuli, and lastly, two sessions of mixed A1, A2, A3, and
A4 stimuli. As seen in Figure 41, responses on all sessions were 100% accurate following the
first trial with a modeled response. Accuracy remained at 100% when reinforcement density was
reduced to 75% and 50%.
Class-Specific Response Probes
Response probes with visual and auditory reinforcer components were presented first, and as
seen in Figure 42, the signing response was class-consistent for all probe trials on the first two
sessions. B and C addition stimuli (plus-one and plus-two math facts) were presented next, and
class-specific responses were again at 100% on the first two sessions. B and C subtraction
stimuli (minus-one and minus-two math facts) were presented last, and the signing response was
again class-consistent on the first two sessions.
GENERAL DISCUSSION
Experiment 1 used simple discrimination training procedures and compound class-specific
reinforcers to examine equivalence-class formation in school-aged children with developmental
delays or disabilities. In A-stimuli simple discrimination training, the discriminative stimulus
was a correctly oriented numeral (zero, four, seven, or ten) and distracter stimuli were inverted
forms of the numeral. Selecting the discriminative stimulus was followed by a compound class-
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Figure 41.
WS- Experiment 2 class-specific response (American Sign Language) training performances.

* 75 reinforcement density
** 50% reinforcement density
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Figure 42.
WS- Experiment 2 transfer-of-function probes, with B (plus-one and minus-one) and C (plus-two and minus-two) addition and
subtraction stimuli.
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specific reinforcer, which consisted of the printed and spoken number-word. B and C stimuli
varied across participants, based on their pretest performances. After training, the following
relations were tested: visual element of the reinforcer (printed word) and A, B, and C stimuli;
auditory element of reinforcer (spoken word) and A, B, and C stimuli, naming A, B, and C
stimuli, matching A and B stimuli, matching A and C stimuli to each other, and matching B and
C stimuli to each other.
One goal of Experiment 1 was to examine whether class-specific reinforcer elements could
become class-members with discriminative stimuli. Cross-modal (auditory and visual)
compound class-specific consequences followed correct responses on baseline trials. Once the
mastery criteria were met for training, reinforcer probes were presented. These probes assessed
whether each component of the class-specific reinforcer had become a class-member with the
discriminative stimuli with which it had been trained. B simple discrimination training followed
the A-stimuli reinforcer probe testing. The only stimuli held in common by A and B stimuli
were the compound class-specific reinforcers. C simple discrimination training was then
presented, and again, the only element held in common by the C, A, and B stimuli was the
compound class-specific reinforcer. Probe trials provided evidence of the following classes:
A1B1C1R1S1, A2B2C2R2S2, A3B3C3R3S3, A4B4C4R4S4. Thus, findings indicated that each
element of the compound class-specific reinforcer did become an equivalence- class member
together with the respective A, B, and C stimuli, and that compound class-specific reinforcers
also functioned as nodes to facilitate class formation between the A, B and C stimuli.
Experiment 1 served as a direct test of Sidman’s (2000) theory of equivalence, which states
that all positive elements of a reinforcement contingency, responses and reinforcers included, can
become equivalent, and thus interchangeable with one another. Positive results on reinforcer
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probes in the present experiment indicated that the class-specific reinforcers had become
equivalence class-members, and emergent relations between A, B, and C stimuli indicated that
the compound class-specific reinforcers functioned as nodes to facilitate such class-expansion.
Sidman’s theory also states that equivalence relations can emerge from any reinforcement
contingency, including three-term contingencies. The present experiments used simple
discrimination training procedures in lieu of the more-common MTS procedures to directly test
this assertion, and found that equivalence relations could emerge via this training arrangement.
When Experiment 1 concluded, emergence of the following five-member equivalence classes
was demonstrated: A1B1C1R1S1, A2B2C2R2S2, A3B3C3R3S3, A4B4C4R4S4.
As seen in Figures 1, 2, and 3, a multiple baseline design was used to assess whether variables
other than the experimentally arranged contingencies (e.g., exposure to the stimuli in the absence
of reinforcement, regular classroom activities) might have been responsible for the improved
baseline or post-test performances. Participants were randomly assigned to receive either two,
five, or eight sessions of pretests. Next, participants were randomly matched in groups of two or
three, across the number of pretest sessions. This design provided further evidence that the
programmed reinforcement contingencies during training were responsible for emergent
relations, rather than extra-experimental instruction or exposure to probe-trial types prior to
training, and in the absence of reinforcement. As seen in Figures 1, 2, and 3, training began for
participants RM, CC, and BG while pretests continued for their matched participants, WS, BH,
and WW. Since participant SH received eight pretest sessions, training for participant WS began
while participant SH continued with pretests. Response accuracy improved for the participants in
training, but did not significantly improve for matched participants, providing further evidence
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that these simple discrimination-training procedures were responsible for the emergent relations
demonstrated in post-tests, rather than extra-experimental instruction.
Five of the six participants exposed to training rapidly mastered baseline simple
discriminations, indicating that the programmed reinforcement contingencies were effective
teaching tools. Participant BG required some experimental modifications prior to meeting the
mastery criterion. Upon completion of A-stimulus training, four of the five participants who
completed A-stimulus training responded class-consistently when presented with reinforcer
probes, which examined whether each element of the compound class-specific reinforcer could
function independently as a class member. This finding provides support for Sidman’s theory
that all elements of a reinforcement contingency can function interchangeably. Participant WW
did not demonstrate emergent relations when first tested, so intermixed A simple discrimination
baselines were reviewed. To ensure that WW was attending to the visual element of the
reinforcer rather than to only the word’s position on a tally sheet, he was instructed to select a
flashcard with the printed word corresponding to the visual reinforcer element. This participant
left the school before post-tests could be administered again.
Participants RM, CC, and WS completed simple discrimination training with B stimuli. RM
and CC responded class-consistently on most or all reinforcer probes, as well as on AB probes.
Class-consistent responding on AB probes was particularly interesting, in that these stimuli were
related to one another only through a common compound class-specific reinforcer, which
functioned as a node to facilitate class expansion. Post-tests following the B stimulus training
provided evidence that the following classes had formed: A1B1R1S1, A2B2R2S2, A3B3R3S3,
and A4B4R4S4 (however, class 4 was trained and tested only for participant CC). RM and CC
also completed simple discrimination training with C stimuli and responded class-consistently
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on C reinforcer probes, AC probes, and BC probes, which provided evidence that the following
classes were formed: A1B1C1R1S1, A2B2C2R2S2, A3B3C3R3S3, and for CC, A4B4C4R4S4.
Again, this indicated that each reinforcer component functioned as a class-member and as a node
to facilitate class-expansion.
Participant RM demonstrated all emergent relations in the minimum number of sessions on B
reinforcer probes, AB probes, and C reinforcer probes. However, delayed emergence was
demonstrated on AC and BC probes. Many factors could have contributed to delayed
emergence, including attentional issues. Short latencies were demonstrated on all trials,
suggesting that the participant may not have been attending to the sample and all comparison
stimuli. AC relations emerged without any experimental modifications (See Figure 10), but
when inconsistent class-consistent responding was demonstrated across twelve sessions of BC
probes, an intervention was designed that required the participant to point to the sample and all
comparison stimuli before indicating his selection to the experimenter, who operated the mouse.
Selections were indicated when the participant pointed at a stimulus a second time and said
“final answer”. With this intervention, class-consistent responding was demonstrated in the
minimum two sessions. This finding suggests that the inconsistent responding was likely due to
poor attention to the relevant stimuli. Interestingly, with this intervention, RM was also more
likely to engage in verbal behavior, explaining his responses to the experimenter. It is not
surprising that a more “interactive” approach to teaching procedures may better engage children,
with and without developmental delays or disabilities.
Participant CC also had some difficulty in demonstrating emergent relations on B reinforcer
probes and AB probes. While class-consistent responding for zero, four, and seven on AB
probes was demonstrated after the minimum two sessions, responses on trials involving the value
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ten were not class-consistent. CC’s verbal behavior indicated that he was treating each digit in
“11” as an individual unit, as he would state that “You have two here, and taking away one of
them will leave one” when presented with “11-1”. It is possible that with all stimuli in this
experiment being academically relevant, he was responding in terms of contingencies present in
his classroom rather than those programmed in the experiment. For example, one common skill
set taught in second grade classrooms is tallying numbers. If CC’s classroom was working on
tallying, this could explain why he responded to the number eleven as though it were the number
two. This issue could have been further addressed by presenting the numeral eleven in simple
discrimination training, and programming its selection to produce a compound class-specific
consequence involving the printed and spoken word “eleven”. In the present case, however,
experimenters instead chose to eliminate this stimulus due to time constraints.
CC also failed to correctly name the “1-1” stimulus. In its presence, he either responded with
“two” (his accompanying verbal behavior indicating that he was counting the numerals) or “one”
(his verbal behavior indicating that he was removing one of the two digits). Both of these
responses again indicate a potential stimulus control topography coherence issue (Dube et al.,
2003), which is not surprising considering that these academically relevant stimuli are involved
in other contingencies outside of the experiment. A future experiment might look for ways to
make the subtraction operation more salient, or use stimuli other that “1”, which could be
confused with a tally mark. Interestingly, “2-2” was named class-consistently on all probe trials.
Participant WS was exposed to plus-one, plus-two, minus-one, minus-two, times-one, timestwo, and Roman numeral pretests. Class-consistent responding was significantly above chance,
leaving little or no room for improvement following training. Because WS’s mother spent a
significant amount of time volunteering in the special education classroom while experimental
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sessions were conducted, it is possible that she taught him the relations at home. Therefore,
abstract stimuli were ultimately used as B stimuli to eliminate this possibility. WS acquired Bstimuli simple discriminations rapidly, and accurate responding was maintained, even following
a two-week break. Auditory probes followed training, where WS was to match an abstract
stimulus to a spoken number word, or to name each abstract stimulus. Class-consistent
responding remained below chance, and unchanged from pretests. Mixed B simple
discrimination baselines at 100% and then 50% reinforcement density were next presented to
provide more exposure to the reinforcement contingencies, but class-consistent responding
remained below chance on all auditory probe-trial types. WS’s verbal behavior indicated that he
was selecting the arbitrary stimulus which most closely resembled the number spoken (e.g.,
“This part is round like a zero”). Therefore, A-stimulus (numeral) mixed simple discrimination
baselines were presented again, one session at 100% reinforcement density, and the second at
50% reinforcement density. These baseline sessions were followed with two sessions of Astimulus auditory reinforcement probes. This modification was put into place to enhance
discrimination between A and B probe types. However, class-consistent responding on auditory
probes remained below chance, and WS was moved to Experiment 2.
BG was a lower-functioning participant, as indicated by his full-scale IQ (See Table 1),
Peabody score (See Table 2), inclusion in the special-education classroom for the entire day, and
having a one-on-one aide. Therefore, it is not surprising that it would take him significantly
longer to acquire the simple discriminations, and that some procedural modifications were
necessary. However, once the baseline relations were acquired, they were maintained when
stimuli were intermixed and reinforcement density was reduced. Most importantly, all probed
relations emerged almost immediately. This finding may also not be surprising, considering his
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extensive exposure to the programmed contingencies. Positive findings with this participant are
of particular interest, in that they demonstrate the value of these procedures with more
extensively delayed individuals, for whom numerous other teaching approaches have been
unsuccessful.
Experiment 2 served as a test of the transfer-of-function phenomenon, in which the functions
of one stimulus should also be demonstrated for other stimuli with which it shares equivalenceclass membership. A unique response not currently in the child’s repertoire was trained in the
presence of each of the A stimuli. Once the discriminated responses were emitted at 90%
accuracy, probe trials tested whether the child would emit the appropriate response in the
presence of other class members. For example, if a given response was trained in the presence of
A1, would it also be emitted in the presence of B1 and C1? RM and WS completed this
experiment. RM received training to write Roman numerals in the presence of corresponding A
stimuli (numerals), and probe trials assessed whether the Roman numeral-writing response
transferred to the auditory and visual reinforcer components, B stimuli (plus-one math facts) and
C stimuli (plus-two math facts). WS underwent training with the same procedures, but learned
to emit an American Sign Language response in the presence of A stimuli. Probes assessed
whether signed responses transferred to the auditory and visual reinforcer components, plus-one,
plus-two, minus-one, and minus-two math facts, as WS’s pretest performances indicated these
relations were already intact. Each class-specific response was rapidly acquired and accuracy
was maintained above mastery criterion during training for both participants. Further, both
participants demonstrated the transfer-of-function phenomenon immediately.
As previously mentioned, equivalence research with a population of developmentally delayed
individuals is sparse (LeBlanc et al., 2003; O’Donnell et al., 2003), and in response to O’Donnell
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et al. (2003)’s call for further investigation with this population, the present experiment aimed to
extend this body of research. It is theoretically interesting that emergent relations were
demonstrated in this population, as it speaks to the universality of the equivalence phenomenon
as a basic behavioral principle (Sidman, 2000). Further, using a population of children with
developmental disabilities speaks to the applied implications of this research. The children had
extensive exposure to addition and subtraction stimuli in their classrooms, and with the exception
of participant WS, none of the children demonstrated intact relations in their pretest
performances. Thus, equivalence procedures may be effective teaching tools with typically
developing and special-needs populations, even when traditional teaching methods are
unsuccessful.
Previous research has examined the relevance of compound class-specific reinforcers using
conditional discrimination training procedures and math stimuli, and found that each element of
the reinforcer functioned independently as a class member (Guld, 2005; Kolb, 2009). The use of
compound class-specific reinforcers further capitalizes on the efficiency of equivalence
procedures in an academic setting, in that each class may expand to include two additional class
members without the necessity of training additional relations. Additionally, previous research
has demonstrated that class-specific reinforcers facilitate more rapid acquisition of baseline
relations by increasing discriminability between classes (e.g., Kastak, et al., 2001).
While previous research has investigated the theoretical implications of simple discrimination
training procedures using abstract stimuli, and found that these training procedures with classspecific reinforcers can lead to equivalence-class formation (Veenstra, 2007; Boye, 2008; Hogan,
2010), the present experiments are among the first to investigate the applied implications of
simple discrimination training procedures. Simple discrimination training may be a useful tool
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in educating young children or those with developmental disabilities, as these populations have
demonstrated difficulties in acquiring conditional discriminations (e.g., Pilgrim et al., 2000;
Eikseth et al., 1992). The current research has provided support for the use of simple
discrimination training in an academic setting with children having developmental disabilities, as
simple discriminations were rapidly acquired by five of the six participants exposed to training.
The two participants in the current study who completed response training all demonstrated
transfer-of-function, in that they emitted the response trained with A stimuli in the presence of
corresponding B and C stimuli, in the absence of reinforcement. Therefore, the function of one
class member transferred to other class members in the absence of direct training, due to their
common membership in an equivalence class. While the theoretical implications of the transferof-function phenomenon have been investigated extensively (e.g., Catania et al., 1989; Hayes et
al., 1991; Dougher et al., 1994), no research investigating the use of the transfer-of-function
phenomenon in an academic setting could be found. When training a response to one member of
an equivalence class results in transfer to all other stimuli with which it is equivalent, an
efficiency is gained that saves instructional time and may therefore be very valuable in a
classroom with limited resources. Further research may investigate the transfer-of-function
phenomenon further, perhaps with other types of stimuli, and explore its capacity for greater
class-expansion in an academic setting.
Although the present thesis was a direct test of Sidman’s (2000) theory of equivalence, two
additional theories on the origins of emergent relations, described earlier, may also be able to
account for the results. Naming theory seeks to explain emergent relations by positing that a
name common to all class members is responsible for class formation (Horne, et al., 1996.
Although no child consistently named the experimental stimuli overtly, naming theory would

140

contend that the stimuli were named covertly, and that this name shared across class members
was responsible for equivalence class formation. Since one of the reinforcer components in the
present experiment was a spoken word, naming theorists may argue that this spoken word, or any
other name the participant applies covertly, could be responsible for class-formation.
Interestingly, for participant RM, overt naming of 2+8 was not class-consistent across the first
two sessions of plus-two reinforcer sound probes. All other tested relations were intact,
including the spoken word “ten” to 2+8 trials. Similarly, for participant CC, naming 1-1 was
never class-consistent. However, all other relations involving the 1-1 stimulus were intact.
Naming theorists, however, may contend that covert naming still occurred, but with names that
were not experimentally trained, and were thus not shared with the experimenter.
Relational frame theory (Hayes, et al., 1991) suggests that equivalence is one of many
relations learned and abstracted through training with multiple exemplars, then applied to novel
stimuli. However, the present experiment trained only simple discriminations; there was no
exemplar training involving conditional discriminations (e.g., responding to one stimulus in
terms of another) so this account of the emergent conditional probe performances seems lacking
Although a relational frame theorist might argue that participants could have learned to respond
relationally outside of the experimental arrangement, it is unclear how a “frame” in the
traditional sense could have been established in this way, or exactly how such a frame would
account for the emergent relations observed here.
Sidman (2012) issued a call for further translational research, using “scientific procedures to
evaluate the applicability of basic research findings, procedures, or principles in situations that
cannot be controlled as rigorously as in basic research” (p. 983). One way the present
experiments illustrated a translational research approach was conducting sessions in a classroom
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setting, rather than a laboratory. Several small groups of teachers and students were engaged in
lessons while experimental sessions were conducted, providing potential distractions during
these sessions. However, the performances of all participants indicated that they were still able to
come under control of the experimental contingencies in spite of such external stimuli.
Scheduling training and testing in the present experiments was also more inconsistent than would
be seen in more basic research. During the school year, test sessions had to be scheduled around
academics and extracurricular activities such as art, music, and physical education, leaving a
small window of availability for each child. Therefore, it was rarely possible to test every child
in one day. Further, the year-round elementary school had several three-week breaks throughout
the school year, and a five-week summer break during which no children could be tested. Since
baseline relations remained intact in spite of these lengthy breaks and an inconsistent training
schedule, further evidence is provided for the strength of these baseline relations, and the
efficacy of these training procedures in establishing them. Thus, the present experiments
extended more basic findings, that equivalence relations can emerge following simple
discrimination training and class-specific reinforcers (e.g., Veenstra, 2007; Boye, 2008; Hogan,
2010), now using academically relevant stimuli, young participants with special needs, and a
classroom setting.
The present experiment’s lengthy pretesting may deter those interested in using these
procedures in an academic setting. Although these pretests were necessary to determine the
child’s math level prior to training, and a multiple baseline design is an ideal source of control in
an experimental setting, these controls would be unnecessary for most applied settings. A
procedural limitation worth considering in the present experiment is participant attrition. Several
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participants left the school prior to beginning post-tests, so testing for the emergence of untrained
relations following training were not possible.
Previous equivalence research (e.g., Guld, 2005; Kolb, 2009; Luffman, 2011) has looked at
teaching math facts via match-to-sample procedures and class-specific responses. Future
experiments may want to incorporate a class-specific response with applied stimuli as did Kolb
(2009) and Luffman (2011), but with simple discrimination training to see whether the response
still comes to function as a class member. Another potential direction for future research may
examine the role of distracter stimuli. Since all distracter stimuli were followed by a buzzer, it
would be theoretically interesting to examine whether they also become class members. While
Sidman’s (2000) theory of equivalence targets positive members of a reinforcement contingency,
it is also important to investigate any role of punishment contingencies for generating class
formation. A future study may look at whether a distracter stimulus would be selected in the
presence of another distracter, or in the presence of a buzzer or punishing stimulus.
The present experiments have contributed important translational findings in the field of
stimulus equivalence. It provided further support for Sidman’s (2000) theory of equivalence,
which states that all positive elements of a reinforcement contingency can become equivalence
class members, including class-specific responses and reinforcers. Through the use of simple
discrimination training procedures, it also provided further support for his position that
equivalence relations can be generated via all reinforcement contingencies, including three-term
contingencies. These experiments also provided efficient teaching procedures in an academic
setting, and were effective educational tools for children with developmental delays or
disabilities in a special education program.
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APPENDIX
Appendix A. Reinforcer tally sheet.

zero

four

seven

149

ten

Appendix B. Stimulus set 1.

Stimulus Set 1

Distracters

A
Stimuli
B
Stimuli
B
Subtraction
Stimuli
C
Stimuli
C
Subtraction
Stimuli
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Distracters

Appendix C. Stimulus set 2.

Stimulus Set 2

Distracters

A
Stimuli
B
Stimuli
B
Subtraction
Stimuli
C
Stimuli
C
Subtraction
Stimuli
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Distracters

Appendix D. Stimulus set 3.

Stimulus Set 3

Distracters

A
Stimuli
B
Stimuli
B
Subtraction
Stimuli

C
Stimuli
C
Subtraction
Stimuli
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Distracters

