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ABSTRACT 

 

The Induction of Emergent Relations in Children with Severe Cognitive and Language Delays 

 

Matthew Howarth 

 

In three experiments I sought to experimentally test a source of emergent relations 

defined as transitivity by Stimulus Equivalence theory or as combinatorial entailment in 

Relational Frame Theory. In Experiment I, the participants were 4 children diagnosed 

with autism who also demonstrated significant cognitive and language delays, who were 

selected for the experiment because of their inability to demonstrate emergent/derived 

relations during baseline. A time-lagged multiple probe design was utilized to determine 

the effects of training of a frame of symmetry through the use of a cross modal matching 

procedure requiring the participants to match auditory stimuli to visual stimuli and 

conversely visual stimuli to auditory stimuli using a computer program. The dependent 

variables were the participant’s responses to the emergent relations of 

transitivity/combinatorial entailment, post intervention, with a probe set and a novel set 

of stimuli, as well as the participant’s rate of learning for tacts and textual responses. 

Three of four participants were able to demonstrate emergent relations following 

intervention. The participant who did not demonstrate derived relations lacked an echoic 

repertoire. In Experiment II, I built on the findings of Experiment I to determine if 

derived relations could be taught visually, without the use of language. Three males with 

severe language disorders, who did not display emergent relations during baseline, 

participated in the experiment. A time-lagged multiple probe design, with 



	  

	  

counterbalanced probes was used to determine the effects of multiple exemplar training 

across visual relations. The dependent variable was the participant’s responses to 

emergent relation probes following intervention. None of the participants were able to 

demonstrate derived relations after visual symmetry training. In the third experiment, the 

same participants and materials were used as Experiment II, however, in Experiment III, 

a tact was taught for each of the stimulus sets in order to determine the role of the tact in 

emergent relations. A time lagged multiple probe design, with counterbalanced probes 

was used. The dependent variable was again participant’s responses to emergent relation 

probes following tact training. All 3 participants were able to demonstrate derived 

relations with the probe and novel set of stimuli following intervention. Results of all 

three experiments suggest that both bi-directional/symmetrical relations and verbal 

operants are necessary for derived relations. 
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Chapter 1 

Review of the Literature 

 
It is usually held that one does not see the physical world at all, but  
only a nonphysical copy of it called ‘experience.’ When the physical  
organism is in contact with reality, the experienced copy is called  
a ‘sensation,’ ‘sense datum,’ or ‘percept;’ when there is no contact,  
it is called an ‘image,’ ‘thought,’ or ‘idea.’ (Skinner, 1953, p. 276) 

 

 William James is generally acknowledged as the first person to term stream of conscious 

in his work The Principles of Psychology (1890). Consistent with his pragmatic philosophy, he 

maintained that experience gives rise to inner sensation, “only as reflection becomes developed 

do we become aware of an inner world at all”(James, 1890, p. 679). Skinner furthers this 

distinction in his discussion of private events, where through operant or respondent conditioning 

the process of abstraction gives rise to conditioned seeing and hearing whereby, “A man may see 

or hear stimuli which are not present” (Skinner, 1953, p 266).  Radical behaviorists and 

cognitive-linguistic theorists have approached the role of language in the formation of relations 

or “ideas” differently, and this is the focus of the following three experiments. Therefore, I shall 

begin with a brief review of the related literature from both a behavioral selection and cognitive-

linguistic perspective. Due to the specialized lexicon of behavior analysis, a definition of terms 

has been provided in the appendix.	  

Abstraction  

Definitions of abstraction vary across the research in behavior analysis and that of 

cognitive psychology. Skinner (1957) described abstraction as a verbal process, whereby the 

verbal community differentially reinforces certain stimulus properties, thus creating a stimulus 

class of extended tacts. For example, “fish” are animals that live in the water, breathe through 
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gills, and have scales, fins, and tails. From the perspective of cognitive psychology research, 

abstraction includes the proposition of unobservable mental processes, whereby an individual 

derives higher order concepts or relations from real and/or literal principles, through 

classification or categorization (Anderson, 2005). An abstraction is a relation that acts as a 

category for subordinate classifications or related concepts. Theoretically, the formation of 

concepts or relations involves the reduction of collective experiences that include relevant 

observable phenomena to generalizations of pertinent information or attributes for a particular 

purpose. According to behavioral accounts, language itself is an abstraction that enables one to 

affect a listener through referencing particular stimuli in the environment (Quine, 1960) using 

sounds and symbols through progressively more complex relational abstractions. For example, 

one can achieve an understanding of the concept of color only through one’s interactions with 

the verbal community, as opposed to simply encountering colored objects (Skinner, 1957). 

 In discussing abstraction, theorists from various fields of study have used terms such as 

implicit understanding, schema abstraction, stimulus equivalence, relational frames, and 

transitivity. According to research on second language acquisition, implicit understanding is a 

term used to describe an instance where, in the absence of direct instruction, an individual 

acquires an understanding of the relationship between items (Leung & Williams, 2011).  

Similarly, schema abstraction – a term that originated from psychological studies of memory, 

refers to one’s ability to classify categorical information based on similar properties (Elio & 

Anderson, 1981). In behavioral research, one demonstrates stimulus equivalence (Sidman, 1971), 

or derived relational responding (Hayes, Barnes-Holmes & Roche, 2001), when one responds to 

a relationship between two stimuli without direct training. By extension, relational frame 

theorists identify arbitrarily applicable relations as forms of categorizing stimuli or ideas into 
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networks of relations or frames (Hayes, Barnes-Holmes & Roche, 2001). Perhaps all of these 

similar ideas are best represented mathematically, by the property: If A=B, and B=C, then A=C.  

According to Relational Frame Theorists, one’s identification that A is equal to C designates an 

instance of the most basic language abstraction, and characterizes the presence of a relation that 

is fundamental to language acquisition and higher order emergent relations. Catania (2007), 

defined higher order operants as the joining of two or more operants into a larger response class. 

According to various researchers, abstraction is a necessary prerequisite to the acquisition 

of linguistic competence. According to Leung and Williams (2011), one’s ability to know 

something implicitly is a key to acquiring language, which proceeds as a mental process without 

one’s awareness of learning or intent to learn it. Bransford and Franks (1971) demonstrated that 

subjects acquired more information than was explicitly written in a passage through abstraction 

of linguistic relationships. Additional research findings have indicated the abstraction of 

grammar forms and cues from experience (Reber, 1967; Reber & Allen, 1978; Saffran, Newport, 

& Aslin, 1996; Saffran, 2001). Leung and Williams (2011) demonstrated that, following repeated 

exposures to native speakers, one develops an implicit knowledge of relationships between ideas 

delineated by the grammar of a language. However, the majority of research on implicit 

understanding focuses on the learner’s level of awareness during language acquisition, rather 

than the actual processes involved in that acquisition. 

 Based on the linguistic category model (LCM), language is described as concrete or 

abstract (Douglas & Sutton, 2010), and the variation in levels of abstraction serve to convey 

information about relationships and ideas. Experiments utilizing this model focused on the types 

of meanings conveyed given either direct language, or abstract language. Williams (2004, 2005) 

provided empirical evidence that second language acquisition occurred implicitly. Overall, 



	  

	  

4	  

researchers agree that abstraction is a necessary component to second language acquisition, 

regardless of the source of the abstraction.  

 Cognitive researchers considered the “encoding” of information into categories, or 

schema, a process of induction. According to Anderson (2005), membership in a category 

includes a complex network of rules that are neither clearly defined nor exclusively predictive. 

Similar to the research on second language acquisition, the acquisition of knowledge results from 

experiences with exemplars.  Posner and Keele (1968), and Franks and Bransford (1971) 

proposed that a prototype stimulus exemplified the central idea of a category, and subsequent 

instances were classified based on their similarity to the model. An alternate theory proposed that 

category information was determined by the frequency of features and combinations across 

experiences with exemplars (Hayes-Roth & Hayes-Roth, 1977; Neumann, 1974; Reitman & 

Bower, 1973).  Medin and Schaffer (1978) proposed that a novel stimulus was compared to the 

most analogous item in one’s memory, then classified based on the assignment of the similar 

item. According to Elio and Anderson (1981), the generalization model proposed that 

generalizations within a set of stimuli were a function of the frequency with which the 

characteristic features of exemplars overlapped. 

 Eli and Anderson (1981) demonstrated flaws in each of the four, aforementioned schema-

building models. The researchers determined that both the specific instances and category 

generalizations contributed to class formation; and, therefore proposed that analogous and 

abstract systems of memory were complimentary, and that collectively, they led to complex 

schema or abstraction rather than representing two competing mental mechanisms.  
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 While cognitivists and linguists referred to schema, or to a process of abstraction, 

behavior analysts identified two, distinct, classes composed of operationally defined behaviors 

that were quantifiable through direct observation: abstraction and transformation of stimulus 

function (Catania, 2007; Greer & Longano, 2008; Skinner, 1956).  Skinner (1953) defined 

abstraction as the formation of a stimulus class through differential reinforcement provided by 

the verbal community; for example, “dogs” are furry, four-legged animals that wag their tails in 

your presence. Transformation of stimulus function refers to the control of a single stimulus or 

stimulus class over multiple responses. According to Greer and Longano (2008),  

Multiple controls are learned (Skinner, 1957). The child may smell a rose as the 
speaker says, ‘This is a rose.’ The child may touch the rose as the speaker does so 
and says, ‘Rose.’ It is not impossible that the child and speaker may taste the rose 
petal as the speaker says, ‘Rose.’ Certain emotional effects accrue along with 
these sensory experiences (e.g., the child may prick her finger or delight in the 
scent). After this experience, or there may need be more than one, the child emits 
a pure tact and says, ‘rose,’ on seeing a rose (an abstraction is involved here as in 
the case of different colors and types of roses, unless it is the very same rose). 
This is a pure tact because no other verbal stimuli are involved (Skinner, 1957). 
Also, if the child is asked, ‘What is this?’ by a speaker referring to a rose, the 
child responds with an intraverbal tact (i.e., ‘‘it’s a rose,’’ responding to the 
auditory stimulus along with other sensory stimuli). In addition to these two types 
of speaker responses, the child may orient or look at a rose as someone says, 
‘rose’ or “I see a rose,” or the child may point to a rose in an array of different 
flowers, when a speaker asks the child to point to a rose. Also the child may ‘see’ 
the rose through the mind’s eye, or what Skinner (1957) referred to as conditioned 
seeing. These latter instances are examples of the speaker and listener bi-
directional components of Naming (Catania, 2007) (pg. 75).  
 

In accordance with the philosophy of Radical Behaviorism, an organism’s behavior is a 

function of the past and present environmental contingencies encountered by that organism. 

(Skinner, 1957). Skinner (1957) and other Radical Behaviorists characterized a speaker’s verbal 

behavior as a form of operant behavior that receives mediation by a listener.  An individual (i.e., 

a listener) mediates between a speaker’s verbal behavior and the environment due to a history of 
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conditioned reinforcement for responding to verbal stimuli. Skinner’s (1957) theory of verbal 

behavior provided a foundation for the subsequent development of operational definitions of 

language acquisition (Sidman, 1971, 1986, 1994; Sidman & Tailby, 1982; Sidman, Wynne, & 

Barnes, 1989; Sidman, Kirk, & Wilson-Morris, 1989; Hayes, Barnes-Homes, & Roche, 2001; 

Horne & Lowe, 1996; Greer & Keohane, 2005; Greer & Ross, 2008; Lowenkron, 1991, 1995). 

Following the publication of Verbal Behavior, there were four theories in particular that 

functioned to expand Skinner’s (1957) original theory by accounting for the processes involved 

in verbal behavior development; those theories included, Stimulus Equivalence (Sidman, 1971), 

Relational Frame Theory (Hayes, Barnes-Holmes, & Roche, 2001), Naming Theory (Horne & 

Lowe, 1996) and the Verbal Behavior Development Theory (Greer & Speckman, 2009).   

Stimulus Equivalence 

During his experimental analyses of Stimulus Equivalence, Sidman (1971, 1980, 1986) 

used visual and auditory stimuli in order to train participants on the following two relationships:  

A=B & B=C. Following mastery of the trained relations, the participants demonstrated the 

presence of the emergent relation, A=C (i.e., participants matched stimulus A to stimulus C 

without direct instruction). These findings were significant to the behavioral selection 

perspective on language acquisition, in terms of the processes that lead an individual to acquire 

such relations without direct reinforcement, or more specifically, the processes that enable an 

individual to acquire vocabulary at a quicker rate and without explicit instruction for each word.  

Sidman’s research on Stimulus Equivalence laid the foundation for further research on a 

possible source for the processes involved in language acquisition as described by Skinner 

(1957) and criticized by Chomsky (1959) (i.e., “poverty of the stimulus” argument).  In his 
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argument, Chomsky claimed that since Skinner’s description of language couldn’t account for 

the tens of thousands of words in a child’s vocabulary that Skinner’s theory was flawed, that is 

until Sidman identified Stimulus Equivalence, which opened the door to further research on 

derived relations. 

To date, no definitive studies have been able to identify the presence of stimulus 

equivalence or derived relations in non-human animals. The reason that studies attempting to 

find derived relations, such as stimulus equivalence, in animals are important is that the it has 

been theorized that these relations are necessary for language (Catania, 1992; Dugdale & Lowe, 

1990; Hayes, 1989, Sidman, 1990). Therefore, finding or not finding evidence of derived 

relations in animals would lend insight into this theory of language in humans. One often cited 

example, by Shusterman and Kastak (1993) claims to do so, using sea lions as participants. In 

this study, a single California sea lion was able to demonstrate equivalence, while a second 

participant had to be dropped from the study due to difficulties in acquisition and regression. 

This study had limitations in addition to the number of participants, such as the use of 

reinforcement after the initial testing trial, and what other contextual or sequence cues were 

present during the training and testing, such as visibility of the assistant holding a fish behind the 

correct response, or the order of presentation possibly leading the animal to learn the sequence of 

responses. While it is possible that this sea lion was able to demonstrate equivalence, this study’s 

results were far from conclusive, and have not been replicated.  

It has been theorized by Sidman (1990) that Stimulus Equivalence is a biological given in 

humans. In contrast, according to Hayes, Barnes-Holmes, and Roche (2001), derived relations 

are a product of a history of differential reinforcement. At this time, no studies have identified 

human subjects who did not have Stimulus Equivalence, and then induced it. The derived 
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relations of symmetry (A=B, & B=A) and transitivity (if A=B, & B=C, then A=C) are 

fundamental to other relations such as Naming Theory, Relational Frame Theory, and research 

done on Verbal Behavior Development. Identifying the controlling variables for transitivity is 

key to an accurate account of human language and important information for developing the 

language capabilities for individuals with language delays. 

Naming Theory 

  According to Horne and Lowe (1996), the following outline of events correspond to the 

early learning experiences involved in the conditioning of an individual’s listener behavior: 

(a) the caregiver or others produce a vocal stimulus, usually an object name, in the 
presence of the object and the child; (b) concurrently, using social reinforcement, 
caregivers teach the child how to perform conventional behavior in relation to the 
object; (c) rather than her speech simply accompanying the child’s behavior, the 
caregiver’s vocal stimulus increasingly precedes and becomes discriminative for 
the child’s performance of this object-related conventional behavior (p. 192).   

Naming is a higher-order, bidirectional relation of speaker and listener behavior, related 

stimuli, which emerges as a function of echoic interactions that lead to tacts; the name relations 

one acquires enables one to participate within the verbal community (Horne & Lowe, 1996). 

“Thus, naming involves the establishment of bidirectional or closed loop relations between a 

class of objects or events and the speaker-listener behavior they occasion” (Horne & Lowe, 

1996, p. 200). Additionally, the formation of name relations contributes to an individual’s 

emission of novel behavior, and appears to have qualities that typify symbolic behavior. While 

higher order operants develop independently within the individual’s speaker and listener 

repertoires, significant advantages accrue with the acquisition of the speaker -as- own listener 

repertoire (Greer & Speckman, 2009). One may test for the presence of Naming by probing an 

individual’s untaught speaker and listener responses to a set of stimuli, after training the 
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individual to master match-to-sample responses to those stimuli while also hearing the vocal 

tacts (Greer & Ross, 2008; Horne & Lowe, 1996).  While Horne and Lowe (1996) argued that 

Naming relations were prerequisite to an individual’s acquisition of other emergent relations, 

Relational Frame Theorists characterized Naming relations as another basic relational frame.  

Relational Frame Theory 

 According Hayes, Barnes-Holmes, and Roche (2001), Relational Frame Theory (RFT) 

referred to the emergence of derived relations, following an individual’s history of differential 

reinforcement. The authors attempted to build on Skinner’s (1957) theory of Verbal Behavior 

along with Sidman’s (1971) subsequent experimental demonstrations. The central component of 

RFT included arbitrarily applicable derived relational responding, which accounted for an 

individual’s responses to stimuli as a function of the corresponding relational contexts (i.e., 

frames) included in one’s instructional history, not solely dependent on the physical properties of 

those stimuli. Furthermore, those frames were based on the following principles: mutual 

entailment (i.e., a generic term for symmetry in that bi-directional relational responding is not 

always symmetrical) (Hayes et al. 2001); combinatorial entailment (i.e., a generic term for 

transitivity, in that transitive relations are not always linear as they are described in the Stimulus 

Equivalence literature) (Hayes et al. 2001); and, transformation of stimulus function (i.e., the 

function of one stimulus transfers function to another stimulus, sometimes due to contextual 

control) (Hayes et al. 2001).  

 According to Hayes (1992) a transfer of function must include perceptual functions (such 

as seeing, tasting, smelling, hearing and touching) along with reinforcement and discriminative 

contingencies. Verbal contact with environmental stimuli  (tacts) results in conditioning, in 
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which an individual sees object X, and then hears and says the corresponding tact (echoic). The 

derived relation thus emerges when, on the basis of previous learning in similar contexts, the 

name actualizes perceptual and other responses to the object (i.e., the child covertly sees and 

identifies the object upon hearing the name). The naming relation is necessarily bidirectional 

(Barnes, 1994). 

The derived relation thus emerges when, on the basis of previous learning in similar 
contexts, the name actualizes perceptual and other responses to the object (i.e., the child 
covertly sees and identifies the object upon hearing the name). In summary, the object 
makes the child "think" of the name, and the name makes the child "think" of the object; 
the naming relation is necessarily bidirectional (p. 266). 

 

 Hayes (1991) suggested that such basic verbal equivalence was an essential prerequisite 

to learning other derived/emergent relations. This symmetrical relation was referred to as mutual 

entailment, where the derived relation included sameness or coordination (A = B in a specific 

context, therefore B = A). Sidman (1992) claimed that symmetry was the central relation to the 

concept of reference; the process responsible for the manner in which numerals came to mean 

quantities and the names of numbers were referents.  

Both theoretical accounts, Stimulus Equivalence and Relational Frame Theory, therefore 

identify the A=B & B=A relations as fundamental to derived relations, such as if A=B & B=C, 

then A = C. This symmetrical relation is critical to a tact repertoire, as defined by Skinner 

(1957), and extended by both Hayes (1991) and Sidman (1992). The three experiments I 

conducted represent an examination of the variables that control the emergence of such relations, 

which underly the following reviewed research on the induction of higher order verbal operants. 
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Verbal Behavior Development Theory 

 Various researchers (Eikeseth & Smith, 1992; Goyos, 2000; Horne, Lowe, & Randle, 

2004; Lowe, Horne, Harris, & Randle, 2002; Mandell & Sheen,1994; Miguel, Petursdottir, Carr, 

& Michael, 2008; Randell & Remington, 1999, 2006) suggest that the emergence of novel 

relations is governed by, or at least facilitated by language. According to Horne and Lowe 

(1996), Naming involves seeing, saying, and hearing what one is saying, and seeing or otherwise 

attending to the object again (Horne & Lowe, 1996, p.190). This is achieved through the 

formation of a circular relation between seeing, tacting, attending to one’s own verbal behavior 

as a listener, then seeing (i.e., as in conditioned seeing) or attending again to the visual stimulus. 

Therefore, according to Horne and Lowe (1996) verbal thinking is a complex relation between 

words and multimodal or cross-modal equivalences, made by corresponding listener behavior.  

 According to Greer and Longano (2008), an individual demonstrates the Naming 

capability when he or she simultaneously observes a stimulus, and attends to the vocal verbal 

stimulus and then responds. Attending to the verbal stimulus is a product of conditioned hearing 

or attending to one’s own self-talk (echoic) (see also Parrott, 1984), defined as multiple control 

by Skinner (1957), and as a bi-directional relation of observational experiences and contact with 

the instructional histories of the individual by Catania (2007). Moreover, derived relations may 

be a result of multiple exemplar experiences across observing and producing relations.  

In a series of studies, Greer and colleagues found that multiple exemplar instruction 

across listener and speaker responses for visual stimuli (MEI) was an effective procedure for 

inducing the Naming capability, in both typical children and those with language delays (Fiorile 

& Greer, 2007; Gilic & Greer, 2011; Greer, Chavez-Brown, Nirgudkar, Stolfi, Rivera-Valdez, 

2005; Greer, Stolfi & Pistoljevic, 2007; Pistoljevic, 2008).  The MEI procedure consisted of 
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instruction that rotated across observing and producing response topographies, which included 

the following: (a) matching target visual stimuli to a sample presented within an array including 

non-exemplars, while also hearing the corresponding tact (i.e., instructor’s vocal antecedent 

included, “match ____ with ____”); (b) selecting target visual stimuli from an array containing 

non-exemplars, in response to the instructor’s vocal antecedent, “point-to ____;”  (c) pure tact 

responses to the instructor’s non-vocal presentation of target visual stimuli; and, (d) emitting an 

intraverbal tact response to the instructor’s presentation of target visual stimuli, along with the 

vocal antecedent, “What is it?” Additionally, the MEI instruction required the instructors to 

rotate stimuli across listener and speaker response topographies, such that one’s response did not 

function as an echoic to the previous response. The researchers found a functional relation 

between the MEI and the emergence of Naming relations in participants who did not demonstrate 

such capabilities prior to instruction.  

	   Greer and Keohane (2005) indicated that match to sample, point-to, pure tact, and impure 

tact responses, each comprised separate response functions to multiple controls for the same 

stimulus. Generally, multiply controlled responses in the presence of one stimulus are 

independent during the early stages of development. Since the aforementioned behaviors are 

quite different, a child may learn to point to a color (a listener response) but not tact that color (a 

speaker response). A child may learn to point-to, give, show, or look at a color (listener 

response) but not tact that color (speaker response). Acquiring the capability to respond as both 

listener and speaker to one stimulus without direct instruction is a phenomenon that is not 

automatic and requires specific environmental experiences; such capabilities, when missing, 

represent the basis of various learning difficulties for many children. Greer, Chavez-Brown, 

Nirgudkar, Stolfi, and Rivera-Valdes (2005) suggested that, while typically developing children 
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generally acquire the components of Naming through incidental learning experiences, as found 

by Gilic and Greer (2011), children with language delays often require intensive instruction. 

Furthermore, the authors noted that basic listener literacy, along with echoic behavior and a pure 

tact repertoire were necessary to the development of full Naming repertoires.  

 Since a single stimulus may evoke various responses that correspond to functionally 

independent verbal repertoires, instructors can test for the speaker and listener components of 

Naming by providing opportunities to observe a tact operant during match to sample instruction, 

then subsequently testing for listener and speaker responses to the observed stimuli. In some 

cases, an individual might demonstrate the listener component of Naming (i.e., point-to response 

following match to sample training or after observing the stimulus while also hearing the vocal 

tact) but not the speaker component (i.e., pure tact and impure tact responses following match to 

sample training or after observing the stimulus while also hearing the vocal tact). Researchers 

(Greer, Chavez-Brown, Nirgudkar, Stolfi & Rivera-Valdes, 2005; Greer, Stolfi, & Pistoljevic, 

2007) compared multiple exemplar instruction (MEI) across speaker and listener topographies to 

single exemplar instruction (SEI), and found that the participants exposed to MEI subsequently 

emitted untaught responses to sets of untrained and previously unknown stimuli, thus 

demonstrating transformation of stimulus function across listener and speaker repertoires.    

 Feliciano (2006) investigated the effects of multiple exemplar instruction (MEI) on the 

acquisition of the listener half of Naming, in children without speaker and with limited listener 

repertoires. The researcher rotated the MEI across match-to-sample and point-to responses, 

which functioned to train the participants to respond to visual stimuli using generalized matching 

skills under the control of vocal instructions. Following the MEI, all of the participants 

demonstrated the listener half of Naming, while half also demonstrated novel speaker responses 
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(i.e., tacts and impure tacts).   

 Gilic and Greer (2011) examined the development of the bi-directional components of 

Naming in typically developing two-year-old children, seeking to specify the point at which 

children develop Naming (i.e., the listener to speaker, and speaker to listener components). In the 

first experiment, the researcher trained match to sample responses to single exemplars of various 

forms of novel stimuli, and probed the point-to, pure tact, and impure tact responses to other 

exemplars of the novel stimuli. If a child failed to meet criterion during the post -training probe, 

the experimenter implemented multiple exemplar instruction across listener and speaker 

responses using a second set of stimuli, and subsequently probed the participants point-to, pure 

tact, and impure tact responses to the initial probe set. In the second unpublished experiment, 

Gilic (2005) investigated the effects of multiple exemplar instruction on the participants’ 

acquisition of transformation of stimulus function from listener to speaker responses. Results of 

the first published experiment showed that participants responded correctly to untaught listener 

responses in the probe trials following multiple exemplar instruction. The results of the second 

experiment showed that participants acquired transformation of stimulus function across listener 

and speaker functions following the multiple exemplar experiences. In both experiments, the 

participants ranged in age from 25 to 31 months.  

 The study by Gilic and Greer (2011), and the related research on Verbal Behavior 

Development reviewed above, has identified environmental relations which occasion higher 

order verbal operants. These collective studies have provided evidence of how a tact repertoire 

may become Naming, that is through a history of differential reinforcement through interactions 

with the environment. It is the bidirectional/symmetrical relations of the tact (Hayes, 1991; 

Sidman, 1992) that is a key component and prerequisite of these repertoires. Therefore, 
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strengthening symmetrical/bidirectional responding for tacts appears to be critical to developing 

derived relations. The role of the tact in emergent relations has been further researched in a series 

of studies that follow. 

The Role of the Tact in Emergent Relations 

In addition to MEI, numerous researchers have demonstrated successful induction of 

Naming relations in participants, using various developmental interventions, such as auditory 

matching (Choi, 2011), intensive tact instruction (Pistoljevic, 2008), and conditioning one’s own 

production of echoic responses as reinforcement for listening to oneself (Longano, 2008). Each 

of the aforementioned experiments included some component of the tact relation as central in the 

development of the higher order Naming relations, or the establishment of bi-directional 

relationships between listening and speaking. Accordingly, the participants’ acquisition of 

conditioned reinforcement for emitting echoics and or tacts was fundamental to the induction of 

higher order relations involving the transformation of stimulus function across listening and 

speaking and incidental learning. 

 Pistoljevic and Greer (2008) reported that participants emitted pure tacts and pure mands at 

higher frequencies following intensive tact instruction (ITI). She found that the participants 

emitted tacts in the non-instructional setting that were topographically different from those 

learned during the intervention conditions, consistent with other studies on the intensive tact 

procedure, which suggested that participants had acquired the tact function as a means for 

recruiting adult attention and generalized reinforcers. The authors advised that acquisition of a 

tact repertoire was necessary to the development of more complex verbal repertoires and higher 

order operants, like Naming. In summation, Pistoljevic and Greer (2006) suggested that, “the 

frequent emission of tacts and recruitment of tacts by typically developing children appears to 
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play a significant role in the rapid expansion of vocabulary that characterizes the language 

development of children subjected to a rich language environment” (p. 117). As such, the 

researchers identified the intensive tact procedure as an instructional intervention that could 

potentially compensate for the missing language repertoires associated with inadequate exposure 

to early verbal interactions (Hart & Risley, 1995).   

 Greer and Du (2009) compared the numbers of verbal operants emitted by participants 

following generic learn unit instruction versus intensive tact instruction. Results showed that 

participants emitted increased numbers of pure mands, but not pure tacts following generic learn 

unit instruction, while pure tact emission increased following intensive tact instruction. The 

authors suggested that the generalized reinforcers produced by tacts were responsible for the 

increased numbers of tacts emitted by participants, which supported previous research pointing 

to the reinforcement value derived from social attention as the control for tact emission (Tsiouri 

& Greer, 2003, Pistoljevic, 2006). In addition, participants’ intraverbal behavior – or speaker-

listener exchanges with others, increased following intensive tact instruction, providing further 

indication that participants derived enhanced reinforcement value from social attention. The 

researchers reported that participants emitted tacts that were not directly taught in the non-

instructional setting, rather than those taught through intensive tact instruction – which was also 

consistent with prior research findings. Finally, the experimenters mentioned that the increased 

emission of mands during generic learn unit instruction might have resulted from the increased 

opportunities to mand for reinforcers, available as a function of the increased daily learn units 

delivered during intensive tact instruction.   

 Schmeltzkopf (2010) studied the relation between conditioned adult approvals and the 

number of vocal verbal operants emitted by preschoolers with language delays. In Experiment 
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One, she demonstrated that the Intensive Tact Procedure functioned to condition adult approvals 

for both learning and performance tasks. In Experiment Two, the conditioning of adult 

approvals, through an observational conditioning procedure, functioned to increase vocal 

operants, specifically conversational units, across non-instructional settings for all three 

participants.  

 Eby (2011) compared the effects of delivering social attention versus tokens on the 

numbers of tacts emitted by participants, along with the rate of tact emission. In Experiment One, 

she compared the numbers of tacts emitted by participants, across conditions that included the 

contingent delivery of tokens versus the contingent delivery of adult praise. In experiment two, 

she compared the rates of tact emission along with the numbers of conversational units emitted 

between peers, across conditions that included the contingent delivery of tokens versus the 

contingent delivery of adult praise. Results of both experiments showed that social attention, 

rather than tokens, was responsible for maintaining participants’ tact repertoires. Additionally, 

she reported that withholding adult attention functioned as a motivating operation that enhanced 

the reinforcement value of peer attention.  

Chavez-Brown (2005) reported the effects of an auditory match to sample task on the 

emergence of accurate echoic repertoires under mand and tact conditions, in participants with 

language delays. In the first experiment, the participants demonstrated the emergence of echoic 

repertoires following the mastery of an auditory matching procedure, while participants in the 

second experiment demonstrated increases in the accuracy of their echoics (i.e., where accuracy 

was measured by the degree of point-to-point correspondence between participants’ echoics and 

the target words). This study was grounded in earlier research that found correlations between 
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auditory discriminations and basic verbal operants (Vause, 1998; Reinbold, 2000; Vause, Martin, 

& Yu, 2000; Marion, Vause, Harapiak, Martin, Yu, & Sakko, 2003). 

 Choi (2011) reported the effects of an advanced auditory match –to- sample procedure on 

the participants’ acquisition of repertoires such as, Naming, conditioned reinforcement for 

voices, echoics, and listener literacy. The results of the first experiment showed that all four 

participants emitted echoics with increased accuracy, while two participants achieved full 

Naming repertoires. The results of the second experiment showed that one participant 

demonstrated the acquisition of a full Naming repertoire, while two participants demonstrated 

more advanced speaker -as –own- listener repertoires (i.e., including say-do correspondence, and 

self-talk). Additionally, the results indicated that participants derived an increased value of 

conditioned reinforcement from listening to recorded vocal speech. 

Longano (2008) investigated the effects of a procedure that included second order, 

classical conditioning of echoic behavior, on the Naming repertoires of children with language 

delays. In a series of three experiments, she identified that the acquisition of echoics as 

conditioned reinforcement was responsible for the improved Naming repertoires demonstrated 

by participants. In the initial experiment, the researcher implemented instruction that 

incorporated an echoic component into the participants’ match to sample and point to responses. 

The results showed that participants demonstrated increased listener and speaker responses as a 

function of the independent variable. In the second and third experiments, she used a second 

order, classical conditioning procedure to pair conditioned stimuli (visual or vocal) with neutral 

stimuli (visual or vocal), which functioned to join the participant’s listener and speaker 

repertoires as a function of their acquisition of conditioned reinforcement for emitting echoics. 
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The results of this experiment supported the role of the echoic outlined in Horne and Lowe’s 

(1996) theory, but showed that the echoic is a learned repertoire. 

Underlying all of the research on Naming and Verbal Behavior Development Theory is 

the basic relation outlined by Stimulus Equivalence (if A=B and B=C, then A=C). Consistent 

among the accounts and research on the induction of the capability are the symmetrical relations 

(A=B, so B=A) that make up joint control for visual stimuli that includes attending to one’s own 

speaker response as a listener, and attending to environmental or covert stimuli. To date, the 

accounts of Stimulus Equivalence can provide demonstrations of this derived relation, but not an 

account of how that relation emerges as a function of environmental experiences, which is the 

basis for the current experiments. 

Joint Stimulus Control 

 Lowenkron (1996, 1997, 1998, & 2006) expanded Horne and Lowe’s (1996) analysis of 

Naming, through his experimental analysis of the emergence of novel behavior as related to joint 

stimulus control. Lowenkron referred to joint control as an occurrence characterized by an 

individual’s emission of a response in the presence of one stimulus, the preservation of that 

response via rehearsal (echoic), followed by the emission of the same response in the presence of 

a second stimulus (joint control). Lowenkron (1998) stated: 

The connection between a word and its referent is not an empty association, and given the 
word, the listener does not respond to the corresponding referent based on its physical 
features. Rather, the listener responds to the onset of the joint control that the referent 
initiates over the currently rehearsed topography of that word. A word is thus tied to a 
referent because they both can evoke a common topography. Specification is 
bidirectional: A referent may specify a word in the same way that a word specifies a 
referent—by evoking a common topography (p. 337). 
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 Accordingly, Lowenkron (1998) suggested that the emergence of novel behavior was a 

function of the establishment of joint control between an environmental stimulus and the 

auditory stimulus produced by the speaker (who functions as his or her own listener).  

 The following flow chart illustrates the similarities between Lowenkron’s (1998) account 

of joint stimulus control, and Horne and Lowe’s (1996) analysis of Naming.  

 

Figure 1. Illustration of joint stimulus control for a tact.  

  

   

 

 

 

 

  

  

  

 

     Image or actual tree 

Must include observation/contact with the environment through the senses.  

Note that all the relationships are bi-directional/symmetrical. (A=B, B=A). 

 

Experiments on the source of Emergent Relations 

 In a related experiment, Devany, Hayes, and Nelson (1986) tested the effects of training 

four conditional discriminations on the acquisition of emergent relations, in both verbal and non-
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verbal participants. The results showed that participants without language delays demonstrated 

emergent relations, while those with language delays did not.  

Lowe and Beasty (1987) conducted a test for derived relations using three groups of 

typically developing participants: two, three, and four year olds. After training conditional 

discriminations (A=B & B=C), tests for symmetry (B=A, and C=B) as well as transitivity were 

carried out (A=C & C=A). Only one (n=7) two-year-old could pass both tests, while ten of 

eleven three year olds and all ten four year olds could demonstrate derived relations. All the 

participants who did not pass the tests were then taught to label the relations, and following 

training, all but one participant could pass both tests. This study showed a correlation between 

the tact and the formation of derived relations with these participants. 

Barnes, McCullagh, and Keenan (1990) tested the effects of training four conditional 

discriminations with unfamiliar stimuli on the acquisition of emergent relations, in participants 

with the following impairments/repertoires: (1) children who were diagnosed with learning 

disabilities but demonstrated verbal competency equivalents of 2+ years; (2) children who were 

diagnosed with learning disabilities along with severe to profound hearing impairments, but 

demonstrated verbal competency equivalents of 2+ years; and, (3) children who were diagnosed 

with learning disabilities along with severe to profound hearing impairments, and did not 

demonstrate verbal competence.  While all of the participants learned the conditional 

discriminations, those without verbal competencies were far less likely to demonstrate emergent 

relations than their verbally competent peers. According to the authors, the results were 

consistent with theories that identified relations between stimulus equivalence and human verbal 

behavior.  
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 Carr, Wilkinson, Blackman, and McIlvane (2000) taught conditional discriminations that 

included matching words to pictures, pictures to letters, and pictures to non-representative forms, 

to participants with well-developed verbal repertoires, and those with minimal verbal repertoires.  

Results showed that both groups of participants demonstrated stimulus equivalence following 

training, which suggested that their verbal competencies did not play a role in their ability to 

demonstrate novel relations.  However, consistent with the findings of Barnes et al (1990), 

Miguel et al (2008), Lowenkron (2006), and Horne and Lowe (1996), the experimenters’ use of 

the tact operant with both groups of participants may have been the controlling variable that 

enabled novel relations to emerge. 

Miguel, Petursdottir, Carr, and Michael (2008) demonstrated the roles of both speaker 

and listener behavior on the participants’ categorization responses. In the first experiment, the 

instructor taught the participants to tact an arbitrary relation (north or south) in response to a 

visual presentation that contained one of six state maps, and then required a categorization 

response based on that relation. In the second experiment, the instructor taught participants to 

select a set of state maps (as a listener response), and subsequently tested whether they emitted 

categorization responses based on the trained listener response. The results of both experiments 

demonstrated that success in categorizing depended on whether the participant could tact the 

relation (i.e., participants who did not tact the relation did not categorize, and vice versa).  

Consistent in all of the behavioral accounts detailed above, Stimulus Equivalence, 

Relational Frame Theory, Naming, Verbal Behavior Development Theory, and the position 

proposed by Lowenkron on joint stimulus control, is role of listener behavior and the role of 

observation. In all accounts, the individual attends to his or her own response, through a history 

of conditioned reinforcement, and this establishes joint stimulus control between his or her own 
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response and the environmental or private stimuli. As quoted above, Lowenkron states that if an 

individual has joint stimulus control, seeing the object causes the individual to “hear” a word, 

and hearing a word causes the individual to “see” an object.  

In the first experiment that follows, I identified children with severe cognitive and 

language delays who could not demonstrate derived relations, and then attempted to teach them 

to do so, using procedure based on the behavioral accounts of derived relations that strengthened 

symmetrical relations. The participants in all three experiments had an extensive history with 

intensive interventions that focused on language, yet continued to display severe deficits. The 

first experiment took over a year of targeted instruction on language skills that were 

prerequisites, in order to prepare them for the study. Upon beginning the experiment, the 

participants demonstrated mastery on both auditory and visual matching, and conditioned 

observation of print and voices, yet their responses to tact instruction required, in most cases, 

thousands of instructional trials to master a set of five targets which also functioned to condition 

the experimenter, and the multiple instructors who assisted with the procedures, as secondary 

reinforcers. The procedure utilized in Experiment I strengthened the symmetrical relation (joint 

control) between visual and vocal stimuli (A=B & B=A), using a cross modal matching 

procedure, to determine if derived relations (A to C) could be induced.  

Up to this point, while both experimental and theoretical accounts have indicated a 

correlation between the tact operant and emergent relations in humans, no studies to date have 

examined whether pre-verbal children without emergent relations would learn those relations 

after acquiring verbal repertoires.  In general, no researchers have conducted a functional 

analysis to demonstrate the effects of the presence of the tact operant on relational responding, 

which represented the focus of the first experiment that follows. 
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 The second experiment represented a partial replication of the first, and taught 

participants to mastery on symmetry (A=B, B = A, and B=C, C=B), but included only visual 

stimuli rather than a tact response. Moreover, participants were only required to match visual 

stimuli and were not provided a tact. This experiment sought to determine if derived relations 

could be taught without verbal behavior. 

  In Experiment III, I isolated the effect of the tact operant with the same participants by 

teaching them the tacts for the stimuli used in Experiment II, directly testing the effect verbal 

behavior has over emergent relations with these participants. These studies are novel in that I 

was able to identify humans without the ability to derive relations and attempt to induce the 

ability to do so. Then, by systematically removing the tact in Experiment II and reintroducing it 

in Experiment III, while replicating the procedure that strengthened symmetry from Experiment 

I, I was able to isolate the effect of the tact in facilitating emergent relations.  
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Chapter II 

EXPERIMENT I 

Overview 

 During Experiment I, I tested participants for the emergence of novel relations, following 

mastery of a cross-modal matching procedure. During the baseline condition, I taught 

participants to master the relations A=B and B=C, then probed for the emergent relation, A=C. 

During the training procedure, participants were required to match spoken words with pictures, 

and spoken words with printed words. I taught participants using two -dimensional pictures of 

car logos (A), spoken words (B), and printed words representing the corresponding car 

manufacturers (C). I instructed the participants to, “point to (car manufacturer name)” (B), 

during separate training sessions for the logos (A=B) and the print (B=C). All sessions included 

five different target car manufacturers. During the probe session for the emergent relation (A=C, 

C=A), I tested whether the participants were able to match the car logos (A) with the 

corresponding printed words (C) and vice versa (i.e., 10 trials per response type) without hearing 

the car names/spoken words (B) during the antecedent presentation.  

 I selected each participant based on his inability to demonstrate emergent relations (A=C, 

C=A) without direct instruction, during the pre-experimental probe trials. I used a time-lagged 

multiple probe design to test the effects of the cross-modal matching procedure on the emergence 

of derived relations for each participant.  During the intervention, I rotated instruction across 

match to sample responses, using an instructional set of stimuli, for each of the following 

responses: match spoken words to pictures (B=A), match pictures to spoken words (B=A), match 

spoken words to printed words (B=C), and match printed words to spoken words (C=B).  
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 The purpose of the current experiment was to test whether the participants, who did not 

demonstrate derived relations in baseline, could acquire the capability for derived relations (A = 

C and C = A) with untrained probe stimuli. This experiment is based on Sidman’s (1971) 

stimulus equivalence research. However, the participants in Sidman’s (1971) experiment 

demonstrated stimulus equivalence abilities during baseline, whereas I sought to induce stimulus 

equivalence with participants who did not demonstrate the ability during baseline.  
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METHOD 

Participants 

I selected four participants from a self-contained classroom that operated under the 

CABAS® (Comprehensive Application of Applied Behavior Analysis to Schooling) educational 

model (www.Cabasschools.org). I chose the participants for this particular study, based on their 

individual levels of verbal behavior. All participants ranged in age from 8-10 years, and 

demonstrated severe deficits across both cognitive and communicative domains (See Table 1 for a 

list of participant characteristics). Each of the participants had acquired the following verbal 

cusps through instructional interventions that took place over the course of one year, prior to the 

onset of the current study: a) conditioned reinforcement for print stimuli, b) conditioned 

reinforcement for voices, c) auditory matching for words, and d) visual matching for 2D and 3D 

stimuli. These verbal cusp represent conditioned reinforcement for attending and responding, 

which also conditioned attending and responding to the multiple trainers involved in 

implementing the experiment. Each of the participants demonstrated the following characteristics 

during the pre-intervention tests: 1) high numbers of learn units to criterion (i.e., slow learning 

rates) for tact responses and textual responses, and 2) the inability to demonstrate derived 

relations (i.e., did not demonstrate the untaught relation A=C, following direct instruction for the 

relations A = B and B = C). Additionally, none of the participants demonstrated the Naming 

capability, despite extensive instruction across listener and speaker repertoires, along with 

mastery of targeted instructional protocols (i.e., Intensive Tact Instruction (ITI) and Multiple 

Exemplar Instruction (MEI) across listener and speaker repertoires) (See Table 1 for additional 

participant characteristics.) 
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Table 1 

Participant Characteristics 

	  

	  

	  

	  

	  

	  

Participant Age Diagnosis         Standardized Scores 
 

A 
 

9 year-old 
(male) 

 
ASD 

                                                                    
Vineland Adaptive: 55 SS, 0.1%ile 

Vineland Comm: 52 SS, <0.1%ile 

Full Scale IQ: Unable to determine 

 
B 

 
10 year-old 

(male) 

 
ASD 

 
Vineland Adaptive: 45 SS, <0.1%ile 

PLS Total Language: 101 SS, 1%ile 

Full Scale IQ: 42 

 
 

C 
 

10 year-old 
(male) 

 
ASD 

 
No vocal verbal  

Behavior 

 

Vineland Adaptive 53 SS, 0.1%ile 

PLS Aud Comp: 50 SS, <0.1%ile 

Abbreviated IQ: 40 

 
 

D 
 

10 year-old 
(male) 

 
MR 

                                                                     
Vineland Adaptive 55 SS, 0.2%ile 

Peabody Vocab: 46 SS, <0.1%ile 

Full Scale IQ: 46 

 



	  

	  

29	  

 
Verbal Cusp/Capability 

 
  Participant A 

 
 Participant B 

  
Participant C 

  
Participant D 

 
Teacher presence results in 
instructional control 
 

 
 

Yes 

 
 

Yes 

 
 

Yes 

 
 

Yes 
 
Conditioned reinforcement for voices 
 

 
Induced1 

 
Induced 

 
Induced 

 
Induced 

 
Conditioned reinforcement for 3D 
objects/visual stimuli 
 

 
Induced 

 
Induced 

 
Induced 

 
Yes 

 
Match 2D to 3D objects 
 Yes Yes Yes Yes 
Generalized imitation 
 Yes Induced Yes Yes 

Listener Literacy 
Induced Induced Induced Induced 

 
Auditory Matching 

 
Induced Induced Induced Induced 

 
Echoic-to-Mand 

 
Yes Yes Non-vocal Yes 

 
Echoic-to-Tact 

 
No No Non-vocal No 

 
Independent Mands 

 
Yes 

 
Yes 

 
Non-vocal 

 
Yes 

Independent Tacts 
 
Transformation of establishing 
Operations 

No 
 

No 

No 
 

No 

No 
 

No 

No 
 

No 
 
Book stimuli as conditioned reinforcer 

 
No 

 
No 

 
No 

 
No 

Listener component of Naming 
No No No Yes 

 
Full Naming 
 

 
No 

 
No 

 
No 

 
No 

 
Say-Do in Speaker-as own Listener 

 
No 

 
No 

 
No 

 
No 

 
Self-Talk 
 

 
No 

 
No 

 
No 

 
No 

 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1	  Refers to cusps/capabilities that were previously missing from the participant’s repertoire, but were induced prior 
to the current study 
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Setting  

	   During all sessions, one instructor sat with a single participant at a computer equipped 

with a touch screen, while the other students participated in 1:1 or small group instruction. Prior 

to the intervention, several instructors had participated in calibrated trainings to ensure accurate 

implementation of the intervention procedures. All instructors achieved 100% reliability with 

procedures for a minimum of two sessions before implementing the intervention with the 

participants. An observer positioned in close proximity to the instructional session collected 

interobserver agreement and fidelity data. During the intervention sessions, the instructor 

established student attention and presented a learn unit, to which the participant had a 3s 

opportunity to respond. Immediately following the participant’s response, the instructor 

delivered the appropriate consequence, which included a natural or generalized reinforcer for 

correct responses, or a correction for incorrect responses. Correction procedures entailed 

withholding any reinforcement, immediately re-delivering the antecedent, and providing a model 

of the correct response followed by an opportunity for the student to emit the correct response. 

The instructor did not deliver reinforcement following a correction procedure. The instructor 

presented learn units across all intervention/instructional sessions. Pre-intervention and post -

intervention probe sessions did not include reinforcement or correction procedures. 

Dependent Variable  

 The first dependent variable measured whether the participants demonstrated the 

untaught derived relation (A=C, C=A) during the pre and post-intervention probe sessions (see 

Table 2 for a list of stimuli used during the probe sessions). Initially, the instructor trained the 

relation A=B to mastery, using point-to instruction. During the A=B training, the instructor 
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presented the participants with an array of three pictures containing car manufacturer logos (Set 

A) and delivered the vocal instruction, “point-to ________ (car manufacturer name).” Next, the 

instructor trained the B=C relation to mastery, using point-to instruction.  During the B=C 

training, the instructor presented the participants with an array of three printed words containing 

car manufacturer names (Set C), and delivered the vocal instruction, “point-to ________ (car 

manufacturer name)” (during both of the abovementioned training sessions, the component “B” 

of the relations A=B and B=C, was represented by the instructor’s vocal presentation of the car 

manufacturer names).  

 Following mastery of the above listener responses, the instructor conducted match-to-

sample probe trials to determine whether the participants had acquired the untaught derived 

relation (A=C, C=A). The instructor presented one target stimulus from Set A (picture logos) or 

Set C (printed words) and an array of three stimuli from the other set (i.e., Set C or Set A, 

respectively), along with the vocal antecedent, “match,” across 10 probe trials for each type of 

response (i.e., picture to print, print to picture). If a participant reliably matched both the pictures 

to printed words (A=C) and printed words to pictures (C=A) in the absence of the spoken word 

(B) during the pre-intervention probe sessions, the instructor considered that participant as 

having the derived relation in his repertoire. Those who did not reliably emit correct match to 

sample responses (A to C, C to A) in the absence of the spoken word (B) during the pre-

intervention probe sessions, were chosen as participants for the current study.  

 Following mastery of the cross modal, match- to- sample training procedure, the 

instructor conducted post-intervention probe sessions to measure whether the participants 

demonstrated the untaught derived relation (A=C, C=A). If a participant demonstrated the 

derived relation with the probe set of stimuli (i.e., the same set of stimuli used during the pre-
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intervention probe sessions), the instructor conducted a second post-intervention probe with a 

novel set of stimuli (See Table 3). Both of the sets of probe stimuli differed from the stimuli used 

during the intervention. The instructor conducted all probe sessions on the tabletop, using 2D 

stimuli. 

 The second dependent variable in the study included pre-intervention and post 

intervention measures of the participants’ learn units to criterion, for both tact and textual 

responses. In order to determine a participant’s learn units to criterion (rate of learning), the 

instructor counted the numbers of objectives mastered within one thousand learn unit 

opportunities, for both tact instruction and textual response instruction. The instructor then 

calculated rate of learning by dividing one thousand by the number of objectives met by that 

participant. The instructor used the above procedure to determine rates of learning during both 

the pre-intervention and post-intervention.  
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Table 2 

 

Examples of the stimuli used during the pre-intervention and post-intervention probe sessions. Columns 
A, B, and C represent the position of each stimulus within the relations (if A=B, & B =C, then A=C). 
Note: the actual stimuli used during the intervention were represented across multiple exemplars (i.e., 4 
different variations of each picture logo and printed word)  

	  

	   A              B                    C 

	  

	   	  

	  

	   	   	  

	   	   	  

	  

	   	  

Spoken word, “Toyota”           Printed word, Toyota 

                          

 Spoken word, “Mercedes”            Printed word, Mercedes 

  

Spoken word, “Honda”             Printed word, Honda 

   

Spoken word,  “Audi”               Printed word, Audi 

   

Spoken word, “Chevy”              Printed word, Chevy 
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Table 3 

Examples of the novel stimuli used during the post-intervention probe sessions, for those 
participants who demonstrated emergent relations in response to the original probe set, following 
the intervention. Columns A, B, and C represent the stimuli’s position in the relations (if A=B, & 
B =C, then A=C). Note: the actual stimuli used during the intervention were represented across 
multiple exemplars (i.e., 4 different variations of each picture logo and printed word). 

            A              B                    C 

 

	  

	  	  	  	  	  	  	  	  	  	  
	   	  

	  

	  

	   	  	  
	   	  

	  

	  

	   	  

	  

	  

	   	  

	  

	   	  

	  

	   	  

Spoken word, “Chargers”           Printed word, Chargers 

                          

Spoken word, “Saints”            Printed word, Saints 

  

Spoken word, “Colts”             Printed word, Colts 

   

Spoken word,  “Bucs”               Printed word, Bucs 

   

Spoken word, “Patriots”              Printed word, Patriots 
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Figure 2 

Dependent Variable 

 

The solid lines represent the relations trained through point-to instruction, while the dotted lines 
represent the untaught emergent relations.  

	   	   	   	  

 

 

 

 

 

 

    

 

  

	  

	  

 

Independent Variable 

 The independent variable was a cross-modal matching procedure, utilizing a computer 

touch screen, that consisted of matching spoken words with visual symbols (i.e., pictures and 

text), for a set of stimuli that differed from the probe sets. The instructor rotated learn unit 

presentations across the following response topographies: 1) match spoken words to pictures, 2) 

 “P
oin

t to
” 

“Match” 

B  

Spoken word: car  

manufacturer name 

 

 “Point to” 

C 

 Printed name: car  

manufacturer logo 

 

A 

Picture: car  

manufacturer logo 
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match pictures to spoken words, 3) match spoken words to printed words, and 4) match printed 

words to spoken words.  

 During training, the experimenter and the participant sat in front of a computer screen 

equipped with an external touch screen device. During each learn unit presentation, the screen 

showed an array of stimuli that consisted of pictures or print, and sound buttons (button on the 

screen that produced pre-recorded speech sounds/words, when pressed). Given a target exemplar 

from one modal topography (picture, text, or sound), along with an array of three stimuli from a 

different modal topography (text, sound, or picture), the participants were required to match (e.g. 

the participant pressed the target sound button, then chose the corresponding picture or printed 

word from an array). The instructor rotated the stimuli and modal topographies to ensure 

variation across consecutive trials.  The following represents the rotating sequence of 

instructional presentations: 1) given a spoken word (“Mets”) select the corresponding picture 

(Mets team logo) from a field of three pictures; 2) given a picture (Yankees team logo), select the 

corresponding spoken word (“Yankees”) from a field of three sound buttons; 3) given a spoken 

word (“Red Sox”), select the corresponding printed word (Red Sox) from a field of three printed 

words; 4) given a printed word (Dodgers), select the corresponding spoken word (“Dodgers”) 

from a field of three sound buttons. Each intervention session comprised 20 instructional trials, 

with each of the four target stimuli presented 5 times per response topography. During the trials 

that included an array of spoken words (i.e., three buttons that produced pre-recorded speech 

sounds), the instructor pressed each button prior to delivering the instructional antecedent (i.e., 

such that the participant had an opportunity to observe each sound before making a selection). To 

ensure that participants did not respond by learning the pattern or sequence of correct responses, 

the instructor created two versions of the cross modal matching procedure (see Table 4 for a 
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detailed description of the procedure).  

 Participants A, B, and D required additional research-based tactics to master the 

intervention procedure. Participant A was required to emit an echoic in response to the spoken 

word targets (prior to selecting the corresponding picture or text) during phase two. 

Subsequently, Participant A mastered the procedure following eight additional sessions. For 

Participant B, the instructor implemented a differential reinforcement tactic, involving an 

increased schedule of reinforcement following correct responses to specified targets (i.e., the 

instructor identified a consistent error pattern in Participant B’s responses). The instructor 

discontinued the tactic following five sessions, as Participant B did not demonstrate an increased 

number of correct responses. Subsequently, the instructor required Participant B to emit an 

echoic in response to the spoken word targets (i.e., prior to selecting the corresponding picture or 

text). This tactic was effective for Participant B, as he demonstrated mastery of the procedure 

following twelve additional sessions. The instructor also required Participant D to emit an echoic 

in response to the spoken word targets (i.e., prior to selecting the corresponding picture or text). 

Subsequently, Participant D demonstrated mastery of the intervention procedure following seven 

additional sessions.  
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Table 4 

Independent Variable  

Instructional trials proceeded left to right, then down. The sequence was repeated five times per session. 

 

  

Spoken word to picture 
 
 

 Picture to spoken word 
 

 Spoken word to print 
 

Print to spoken word 
 

Spoken word, “Dodgers”  Phillies team logo (2d) Spoken word, “Red Sox” Printed word, Mets 

Spoken word, “Yankees”  Dodgers team logo (2d) Spoken word, “Phillies” Printed word, Red Sox 

Spoken word, “Mets”  Yankees team logo (2d) Spoken word, “Dodgers” Printed word, Phillies 

Spoken word, “Red Sox”  Mets team logo (2d) Spoken word, “Yankees” Printed word, Dodgers 
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Figure 2    Cross-Modal Matching 

Independent Variable 

Examples of the match-to-sample procedures for the following response topographies (all sessions were 
conducted on touch screen computer): 1) pictures to spoken words; 2) spoken words to pictures; 3) 
printed words to spoken words; and, 4) spoken words to printed words. Touching any of the circles shown 
below produced a pre-recorded spoken word 

	  	  	  

	  	  1)	  	  	  	  	  	  	  	   	   	  	  	  	  	  	  2)	  	  	  	  	  	  
	   	  
	   	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  

	  

	  

	  

	   	  

	  3)	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   	   	  	  	  	  	  	  4)	  

	  

 

 

	  

Data collection 

 During all training and probe sessions throughout the experiment, the instructor delivered 

the relevant antecedents and provided the participant with a 3s intra-response time. The 

instructor recorded all responses on a data collection sheet with a pen.  The instructor recorded a 

plus (+) following correct responses, and a minus (-) following incorrect responses. The 
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instructor delivered a reinforcement operation following correct responses, and a correction 

procedure following incorrect responses. There were no reinforcement or correction procedures 

following probe trial response opportunities. The instructors graphed data following each session 

(see the individual interventions for specific graphing procedures). 

Interobserver Agreement 

 An independent observer collected data using the Teacher Performance Rate and 

Accuracy (TPRA) (Ingham & Greer, 1992), to ensure both procedural fidelity and accuracy in 

recording student responses. A second, independent observer collected data in order to determine 

measures of interobserver agreement (IOA). Following each session, the two observers 

compared data, and calculated IOA by dividing the numbers of agreements by the total numbers 

of agreements plus disagreements and multiplying by 100% (Cooper, Heron, and Heward, 1987).  

Each instructor achieved 100% procedural fidelity on all procedures, before the intervention and 

during periodic follow-up observations. Procedural fidelity was collected for 11 sessions with a 

mean agreement of 100%. For the dependent variable, IOA was calculated at 100% for all 12 

probe sessions. For the second dependent variable (learn units to criterion), instructors obtained 

interscorer agreement by comparing calculations made by two separate experimenters who used 

permanent products (student instructional data) to determine student rates of learning. Interscorer 

agreement was calculated at 100%.  

Results 

 Participant A mastered the cross modal matching intervention following 14 sessions. 

After six sessions, his data showed a variable, descending trend of correct responses.  The 

instructor made a decision to modify instruction by requiring the participant to emit an echoic in 
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response to antecedents that contained spoken word stimuli (the pre-recorded voices). Following 

the implementation of this tactic, Participant A mastered the cross-modal matching procedure 

given eight additional instructional sessions.  

 During the pre-intervention probe session that measured emergent relations (A to C), 

Participant A emitted 5 correct responses given 20 opportunities to respond. Following mastery 

of the cross- modal matching procedure, Participant A emitted 19 correct responses given 20 

opportunities to respond (to the initial probe set of stimuli, without any additional instruction). 

Given a novel set of stimuli, Participant A emitted 15 correct responses given 20 opportunities to 

respond (See Figure 5 for the graphic display of results). 

 Prior to the intervention, Participant A required 1120 learn units in order to achieve one 

objective for tact instruction (i.e., rate of learning for tacts was calculated at 1120 learn units-to-

criterion). Following the intervention, Participant A required 600 learn units in order to achieve 

one instructional objective (i.e., rate of learning for tacts was 600 learn units to criterion). Prior 

to the intervention Participant A required 1680 learn units in order to achieve one instructional 

objective for textual response instruction (i.e., rate of learning was 1680 learn units-to-criterion). 

Following the intervention, Participant A required 1080 learn units in order to achieve one 

objective for textual response instruction (i.e., rate of learning was 1080 learn units-to-criterion) 

(see Figure 6 for the graphical display of results). 

 Participant B mastered the cross modal matching procedure following 36 sessions. After 

17 sessions, his data showed a variable, flat trend. After identifying consistent error patterns, the 

instructor made the decision to implement a differential reinforcement tactic, in order to increase 

the participant’s correct responses to specified target stimuli (targets for which the participant 
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consistently emitted incorrect responses), by providing prosthetic reinforcers following only 

correct responses to those particular targets. Following five additional sessions, the instructor 

made a decision to implement an additional tactic that required the participant to emit an echoic 

in response to the antecedent that contained spoken word stimuli. Subsequently, Participant B 

demonstrated a steady increase in his correct responses, and achieved mastery of the cross modal 

matching procedure following an additional 14 sessions (See Figure 4).   

  During the pre-intervention probe session that measured emergent relations (A to C), 

Participant B emitted 7 correct responses given 20 opportunities to respond. Following mastery 

of the cross- modal matching procedure, Participant B emitted 16 correct responses given 20 

opportunities to respond (to the initial probe set of stimuli, without any additional instruction). 

Given a novel set of stimuli, Participant B emitted 19 correct responses given 20 opportunities to 

respond (See Figure 5 for a graphic display of the results). 

 Prior to the intervention, Participant B required 2480 learn units in order to achieve one 

objective for tact instruction (rate of learning for tacts was calculated at 2480 learn units-to-

criteria). Following the intervention, Participant B required 1740 learn units in order to achieve 

one instructional objective (i.e., rate of learning for tacts was 1740 learn units to criteria). Prior to 

the intervention Participant B required 1400 learn units in order to achieve one instructional 

objective for textual response instruction (i.e., rate of learning was 1400 learn units-to-criteria). 

Following the intervention, Participant B required 1020 learn units in order to achieve one 

objective for textual response instruction (i.e., rate of learning was 1020 learn units to criteria) 

(See Figure 6 for a graphic display of the results). 

 Participant C demonstrated mastery of the cross modal matching procedure within 12 
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instructional sessions, and did not require any additional instructional tactics. During the pre-

intervention probe session that measured emergent relations (A to C), Participant C emitted 10 

correct responses given 20 opportunities to respond. Following mastery of the cross- modal 

matching procedure, Participant C emitted 11 correct responses given 20 opportunities to 

respond (to the initial probe set of stimuli, without any additional instruction). Given a novel set 

of stimuli, Participant C emitted 10 correct responses given 20 opportunities to respond. 

Participant C was not able to demonstrate derived relations following intervention, however he 

was the only participant without vocal verbal behavior (See Figure 5 for a graphic display of 

results). 

 Prior to the intervention, Participant C required 740 learn units in order to achieve one 

objective for listener responses to 2D stimuli  (rate of learning for listener responses to 2D 

stimuli was calculated at 740 learn units-to-criteria). Following the intervention, Participant C 

required 280 learn units in order to achieve one instructional objective (rate of learning for 

listener responses to 2d stimuli was 280 learn units to criteria). Prior to the intervention 

Participant C required 460 learn units in order to achieve one instructional objective for listener 

response to print stimuli (i.e., rate of learning was 460 learn units-to-criteria). Following the 

intervention, Participant C required 360 learn units in order to achieve one objective for listener 

responses to print stimuli (i.e., rate of learning was 360 learn units to criteria). While Participant 

C did demonstrate an accelerated rate of learning following mastery of the cross-modal matching 

procedure, rate calculations were made based only on listener responses since Participant C did 

not emit vocal verbal behavior (See Figure 6 for a graphic display of results). 

 Participant D mastered cross modal matching after 18 sessions. In the first phase, after 

data indicated an initial increase in correct responding, they then remained variable with no 
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trend. Therefore, the decision was made to have the participant echo all instructional antecedents 

that were spoken words, and Participant D then mastered the procedure in 7 sessions, with data 

indicating a steadily increasing trend (See Figure 4). 

 For the first dependent variable, emergent relations, during pre-probes Participant D was 

able to match A to C correct 13 out of 20 opportunities. Following implementation and mastery 

of cross modal matching, he was able to respond correctly to 18 out of 20 opportunities for the 

same stimuli without additional instruction, and 18 out of 20 probe trials for a novel set of 

stimuli (See Figure 5 for a graphic display of results). 

 Participant D, prior to intervention, demonstrated a rate of learning for tacts was 140 

learn units-to-criterion, following intervention his learn units-to-criteria was also 140. For textual 

responses his rate of learning also was slightly slower. Prior to intervention his rate of learning 

was 120 learn units-to-criteria, compared to 160 post (See Figure 6 for a graphic display of 

results).	  
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Figure 4. Independent Variable Experiment I, Cross modal matching acquisition using instructional stimuli
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Figure 5. Responses to emergent relation probes pre & post cross modal matching (CM). 
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Figure 6. Participant rate of learning tacts and textual responses pre and post cross modal matching. 
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Discussion 

 The results of the first experiment suggest that derived relations, such as those defined by 

Stimulus Equivalence and Relational Frame Theory, may rely on a prerequisite behavioral 

repertoire of joint stimulus control between the environment and the verbal behavior of the 

individual. It took many instructional trials to teach these human subjects, who demonstrated 

severe language and cognitive disabilities, to derive relations. The results suggest that prior to 

intervention these participants may have only learned to respond to stimuli in a single direction 

prior to intervention, and were therefore lacking a symmetrical (A=B & B=A), bidirectional 

repertoire of responding described by Horne and Lowe (1996). In other words, the participants 

learned to point to visual stimuli when presented with a vocal antecedent, but were not able to 

match visual stimuli with an auditory stimulus (tact) either overtly or covertly emitted. This was 

anecdotally evident in some of the Participant D’s responses during cross modal matching, who 

was able to respond correctly to vocal-visual matching initially, but not visual-vocal matching. In 

other instances, as with Participant B, they may learn to emit a vocal response in the presence of 

a visual stimulus, but not associate their own response back to the visual stimulus. This was also 

anecdotally evident in Participant B’s responses during cross-modal matching, as he would echo 

vocal antecedent stimuli, but then respond by pointing to the incorrect visual stimulus, even 

when he could emit an accurate tact for the visual stimulus. 

 What the experiment also revealed was an experimental question regarding Skinner’s 

notion of conditioned hearing (Skinner, 1957), as well as the importance of the echoic repertoire 

in the development of this behavior (Longano, 2008). It has been argued that that the possession 

of language may be necessary to demonstrate emergent relations, or derived relations are 

language (Dougdale & Lowe, 1990; Hayes & Hayes, 1989; Horne & Lowe, 1996).	  Establishment 
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of joint stimulus control between visual and vocal stimuli, so that the tact evokes an image, and 

an image evokes a tact, is essential to symmetrical/bi-directional responding (Horne & Lowe, 

1996; Lowenkron, 1998). Prior to intervention, much of the participants’ instruction included 

responding to vocal antecedents with a listener response (point to, give me, etc.) or responding as 

a speaker to a visual stimulus (tact). In fact, rotating listener and speaker responses is a key 

aspect of MEI instruction to join the listener and speaker responses in individuals with minimal 

verbal repertoires, often with success (Greer et al. 2005; & Greer et al. 2007), but not with these 

participants even after multiple exposures. If an individual is lacking bi-directional responding 

across visual and auditory stimuli, he is not observing his listener response to visual stimuli, or 

not observing his speaker response as a listener, and thus lacks joint stimulus control for his tact 

repertoires. In order to observe one’s own speaker response, one would have to emit either a 

covert or overt speaker response. In the current experiment, participant C lacked an echoic 

repertoire as he is physically unable to emit vocal speech. It is possible that this lack of ability to 

echo each response did not allow him to covertly “say” the name of each stimuli, and thereby 

establish transformation of stimulus function between seeing and listening. Hayes and Hayes 

(1989) suggest that generalized symmetric responding might result from a training history with 

names.	  From a radical behaviorist point of view, this is joint stimulus control between observing 

a stimulus and one’s own response. 

 It is also important to note, conditioned reinforcement for attending to voices, print, and 

responding to visual and auditory matching tasks were prerequisite skills that required thousands 

of instructional trials prior to beginning the baseline measures for the first experiment. The 

thousands of instructional trials led to a history of conditioned reinforcement for the types of 

responses required to complete the tasks, as well as conditioned the experimenter and the 
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multiple trainers who assisted with the experiment as reinforcers. Without these prerequisites, the 

experiment would not have been possible with these participants. 

 The second and third experiments test the necessity of vocal verbal behavior in 

establishing derived relations by conducting an experiment that relied solely on visual properties 

and not verbal stimuli in Experiment II, and by reintroducing the verbal operant in Experiment 

III. This experiment sets up the question as to whether or not conditioned hearing or covert 

verbal behavior is a component for at least some derived relations. In the first experiment 

participants were taught the tact and the textual response for stimuli that had the same name (e.g. 

“Toyota”), but following listener training in baseline could not match the picture to the text or 

the text to picture. Following establishment of joint stimulus control, via cross-modal matching, 

3 out of 4 participants were able to match the visual stimuli from baseline without further 

training. Does the establishment of joint stimulus control for the environment and one’s own 

verbal behavior constitute conditioned hearing? As a manipulator of environmental 

contingencies, a behaviorist cannot see inside a subject’s head; however, by testing the induction 

of derived relations with and without the verbal operant, using the same procedure as Experiment 

I, the role of the presence of the tact in the induction of derived relations can be tested. 
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Chapter III 

EXPERIMENT II 

Overview 

 The experimental question in Experiment II is whether the A to C derived relation can 

emerge without a verbal operant. Experiment II replicates the procedure of the first experiment 

by strengthening symmetrical relations, but eliminates the tact from the intervention. Participants 

were identified by first being taught conditional discriminations (A=B, & B=C), using 

counterbalanced probe sets of 2 dimensional stimuli that were different from those used as the 

independent variable, and then tested for emergent relations (A=C, C=A). Participants were then 

taught visual conditional discriminations that strengthened the symmetrical relation (A=B, B=A) 

as in the first experiment, without a tact being provided using the stimuli identified for the 

independent variable. If emergent relations did not emerge in post probes with probe stimuli, 

both symmetry (A = B, B = A, B = C & C=B) and transitive relations  (A=C & C=A) were 

taught visually with the intervention set of stimuli, and then tested for using the probe sets of 

stimuli. The first part of this experiment is similar to that conducted by Lowe and Beasty (1987) 

except the participants were not able to demonstrate stimulus equivalence using visual stimuli in 

baseline and I attempted to induce that ability using the same procedure as in Experiment I, 

though with only visual stimuli and no verbal operants. 
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METHOD 

Participants 

For Experiment II, I selected three participants from a self-contained CABAS® 

classroom. As in Experiment I, participants’ age range was 8-10 years, and each participant was 

diagnosed with severe cognitive and language delays (See Table 5 for a list of participant 

characteristics). I chose each participant for this study based on his individual levels of verbal 

behavior as measured in pre-intervention probe trials. Each participant had the following cusps 

induced prior to beginning the study: a) conditioned reinforcement for print stimuli, b) 

conditioned reinforcement for voices, c) auditory matching for words, d) visual matching for 2d 

and 3d stimuli and, e) their inability to demonstrate derived relations (if A = B & B = C, then A = 

C) using visual stimuli. What differed from Experiment I was that participants were probed using 

visual match-to-sample tasks alone for derived relations, while in Experiment 1 students were 

given probes using relations that were vocal to visual. Therefore, the rate of tact and textual 

response acquisition was not measured in this experiment.  
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Table 5 

Participant Characteristics 

Participant  Age  Diagnosis  Standardized Scores 

     E  9-year-old-male ASD   Vineland Adaptive 56 SS 0.1%ile 

        Exp 1 Word Vocab: 56 SS 0.1%ile 

        Stanford-Binet Full Scale IQ: 42 
      

     F  8-year-old-male ASD   Vineland Adaptive 60 SS 0.4%ile 

     Non-vocal  Exp 1 Word Vocab: 55 SS 0.1%ile 

        Stanford-Binet Full Scale IQ: 40 

 

     G  8-year-old-male ASD   Vineland Adaptive 55 SS 0.1%ile 

        Exp 1 Word Vocab: 84 SS 14%ile 

        Stanford-Binet Full Scale IQ: 67 

 

Verbal Cusps/Capabilities        E  F  G   

Teacher presence results in        yes   yes  yes   

 Instructional control 

Conditioned Reinforcement for      Induced2     Induced Induced   

 Voices 

Conditioned Reinforcement for    Induced yes  yes   

 3D objects/visual stimuli 

Match 2D to 3D objects     yes  yes  yes   

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
2	  Induced refers to the fact that the participants were missing these cusps and/or capabilities and 
interventions to induce them were implemented prior to the baseline.	  
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Generalized imitation        yes  yes  yes   

Listener Literacy      Induced Induced Induced   

Auditory Matching      Induced yes  yes   

Echoic-to-Mand      yes  yes         yes   

Echoic-to-Tact          no  no         yes   

Independent Mands      yes  yes               yes  

Independent Tacts      no  no  yes  

Transformation of establishing    no  no  yes   

 Operation 

Listener component of Naming      no  yes  yes   

Full Naming         no  no  no   

Say-Do in Speaker-as own Listener      no  no  no   

Self-Talk         no  no  no   

Book stimuli conditioned       no  no  no   

 Reinforcement 

 

Setting 

 The setting was the same as Experiment I. 

 

Dependent Variable 

 The dependent variable was whether the participants could demonstrate derived relations 

with the probe set of stimuli pre and post intervention (if A = B & B = C, then A = C), and then 

again with a novel set of stimuli if the derived relation emerged. See Tables 6 and 7 for examples 

of the stimulus sets used for probe sessions. Participants used counterbalanced probe sets of 

stimuli, with Participant F being taught to “match” A = B using upper case to lower case Greek 
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letters, and B = C using the same lower case Greek letters to English letters as the probe set. 

These stimuli were similar to stimuli used by Sidman (1971). The same participant was taught an 

additional arbitrary visual “match” adapted from Schusterman and Kastak (1993) as a novel set if 

he demonstrated stimulus equivalence following intervention, in which participants were taught 

to match a set of pictures of common objects designated set A to another set of common objects 

designated set B, and then taught to match set B to a set of common objects designated set C. 

The remaining two participants experienced the Schusetman and Kastak (1993) stimuli as the 

pre-probe set, and the Greek letters as the novel set. The counterbalancing rotation was used to 

decrease the possibility that the emergence of the derived relations wasn’t due to some feature of 

the stimuli used. All stimuli in the probe and novel sets differed from the instructional set and 

were presented as 2D stimuli on a tabletop. 

  



	  

	  

56	  

Table 6 

 Probe set for participants E & G, novel set for participant F 

Participants were taught that images from set A were to be matched with stimuli in set B. Then 

participants were taught that images from set B were to be matched with images from set C.  

Participants were then probed for their ability to “match” images from set A to set C without 

direct instruction. The only vocal antecedent presented was “match” during probe sessions. 

B 

    

 

 A             C 

Stimulus Sets consisted of the following as 2D images: 

  A     B        C 

       Ring     Baseball bat            Coat hanger 

       Plus sign     Square                Spatula 

       Butterfly     Bars               Paintbrush 

       Moon     Spiral     C-Clamp 

      Star      Frisbee               Dishpan  
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Table 7 

Probe set for participant F, Novel set for participants E & G 

Participants were taught that images from set A were to be matched with stimuli in set B. Then 

participants were taught that images from set B were to be matched with images from set C.  

Participants were then probed for their ability to “match” images from set A to set C without 

direct instruction. The only vocal antecedent presented was “match” during probe sessions. 

  Print Stimuli: Lower case Greek letter 

B 

    

 

 A             C 

  Print Stimuli: Upper case Greek letter  Print Stimuli: Upper case English letter 

 

Stimulus Sets consisted of the following as 2D text. 

A    B     C 

Ω    ω     O 

Δ    δ     D 

Γ    γ     G 

Λ    λ     L 

Ξ    ξ     X 

 



	  

	  

58	  

Independent Variable 

 I utilized a computer-based visual matching procedure that required the students to learn 

two sets of arbitrary visual discriminations that taught symmetrical relations in part 1 of the 

experiment, and transitive relations in part two (See Table 8, and Figures 7 & 8 for examples of 

the stimuli used). In the first part of Experiment II, students were taught to “match” a vertical 

line to a green square by pointing to it on a computer screen, and to “match” a horizontal line to 

a red square and vice versa (A to B, and B to A), and then a vertical line to a triangle, and a 

horizontal line to a cross and vice versa (B to C, and C to B). Students were then tested for the 

emergent relation A to C and C to A using the probe set of stimuli. If the A to C or C to A 

relation was not present, students began part two of Experiment II. Part two of Experiment II is 

labeled “All Relations” in Figure 9. These stimuli were adapted from a similar study conducted 

by Lowe and Beasty (1987). 

 In part two of Experiment II, participants were again taught the A to B, B to A and B to 

C, C to B relations, but were then also taught the A to C and C to A relation directly by visually 

matching it on a computer screen. This part of the experiment is labeled “All Relations” in 

Figure 9. So for part two of Experiment II, participants were taught to match a vertical line to a 

green square, a horizontal line to a red square (A to B, and B to A), a vertical line to a triangle, 

and a horizontal line to a cross and vice versa (B to C, and C to B), a triangle to a green square 

and a cross to a red square and vice versa (A to C, and C to A). Once all relations, symmetry (A 

to B and B to A) as well as transitivity (A to C and C to A) were in repertoire for the training set, 

participants were again tested for the A to C and C to A relation with the probe stimuli and no 

verbal stimuli were presented other than the antecedent “match”. 

 Instructional tactics were used with Participants E and F in order for them to master the 
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intervention. For Participant E, the second phase included a physical response prompt. Phase 

four required him to repeat the correction until he emitted a correct response, before presenting 

the next instructional trial. In the fifth phase, Participant E was briefly blocked from responding 

so that he attended to the computer screen before pointing. For Participant F, the second phase 

included a physical response prompt, as with Participant E. 

  



	  

	  

60	  

Figure 7 

Independent Variable 

Example of the visual matching task presented on a computer that required the participant to 

“match” the top target stimulus with the target stimulus below. The procedure included 8 

variations that were each repeated twice in Phase 1. 
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Table 8 

Independent Variable  

Instructional sequence for part one of Experiment II. Instructional trials proceed left to right and 

then down.  The participant was taught to match the underlined stimulus with the each target 

below. The sequence was repeated two times each session, altering the position of the target 

stimulus, for a total of 16 trials. 

Visual Matching 

Vertical Line Horizontal 
Line 

Green 
Square 

Red Square Triangle Cross 

Green Square Red Square Vertical Line Horizontal 
Line 

Vertical Line Horizontal 
Line 

 
 
Triangle 

 
 
Cross 
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Figure 8 

Relations trained as part of the independent variable. The solid lines were trained in Phase 1, 
the dashed lines were trained in Phase 2 if the participant did not demonstrate derived relations 
during probe sessions following Phase 1. The antecedent for all responses was “match”. 

       2d Image: Vertical Line 

B 

    

 

 A        C 

  2d Image: Green Square      2d Image: Triangle 

 

   2d Image: Horizontal Line 

 B 

    

 

 A                  C 

  2d Image: Red Square     2d Image: Cross 

  



	  

	  

63	  

 

Data collection 

 Data collection procedures were the same as in Experiment I. 

 

Interobserver Agreement 

Interobserver agreement and procedural fidelity were calculated using the same 

procedures as Experiment I. Fidelity was measured for a total of 7 sessions, with a mean 

agreement of 100%.  100% of probe sessions were videotaped to record interobserver agreement, 

interobserver agreement was 100% for all 11 sessions. 

Results 

 Participant E required 28 sessions to master symmetrical visual relations using a 

computer touch screen. In phase one, data indicated a flat, variable trend after 10 sessions, so the 

decision was made to implement a physical prompt in phase two, which was mastered after three 

sessions. In phase three, Participant E returned to independent learn units on the visual matching 

procedure, and data displayed a variable descending trend. So, in phase four, the decision was 

made to repeat the correction for incorrect responses until Participant E emitted an independent 

correct response. After six sessions, data indicated a variable descending trend, so in phase five, 

a response delay tactic was implemented, and after three sessions he mastered the procedure (See 

Figure 9). 

During baseline probes, Participant E emitted 5 out of 20 correct responses to derived 

relations trials using the probe set of stimuli (Table 6). Following instruction on symmetrical 

visual relations he emitted 8 out of 20 correct responses on probe trials with the same probe 

stimuli (See Figure 10). 
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 Participant E then began part two of Experiment II, visual instruction on all relations, 

symmetrical and transitive, using the instructional set of stimuli (Figure 8 & Table 8). After ten 

sessions, data indicated a variable descending trend, so the decision was made to have Participant 

E repeat the correction for incorrect responses until he emitted an independent correct response. 

He then mastered all relations after two additional sessions. After instruction on all relations, 

symmetrical (A to B, B to A, B to C, and C to B) and transitive relations (A to C and C to A) 

with the instructional set of stimuli, he emitted 7 out of 20 correct responses on probe trials for 

derived relations using the probe set of stimuli (Table 7). (See Figure 10 for a graphic 

representation of the results.) 

Participant F required 14 sessions to master visual symmetrical relations training using a 

computer touch screen. In the first phase, data indicated a variable flat trend, so the decision was 

made to implement a physical prompt. In phase two, Participant F mastered responses with a 

physical prompt after five sessions. In phase three, Participant F was returned to independent 

learn units, and mastered symmetrical relations after three sessions.  

During baseline probes, Participant F emitted 3 out of 20 correct responses to derived 

relation trials using a probe set of stimuli (Table 7). A second pre-probe was conducted after 

Participant E mastered the visual symmetry instruction to control for maturation, during which 

Participant F again emitted 3 out of 20 correct responses using the same probe stimuli. Following 

instruction on symmetrical visual relations he emitted 4 out of 20 correct responses on probe 

trials with the same probe stimuli (See Figure 10). 

Participant F then began part two of Experiment II. After instruction on all relations, 

symmetrical (A to B, B to A, B to C, and C to B) and transitive relations (A to C and C to A) 
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with the instructional set of stimuli, he emitted 6 out of 20 correct responses on probe trials for 

derived relations with the probe set of stimuli (See Figure 10 for a graphic representation of the 

results). 

Participant G required 10 sessions to master visual symmetrical relations training using a 

computer touch screen.  He required only independent learn units to master the procedure. 

 During baseline probes using a probe set of stimuli (Table 6) he emitted 11 out of 20 

correct responses to derived relation trials. A second pre probe was conducted after participant F 

mastered the intervention to control for maturation, during which Participant G again emitted 11 

out of 20 correct responses using the probe set of stimuli. Following instruction on symmetrical 

visual relations he emitted 8 out of 20 correct responses on probe trials with the same set of 

probe stimuli (See Figure 10). 

Participant G then began part two of Experiment II. After instruction on all relations, 

symmetrical (A to B, B to A, B to C, and C to B) and transitive relations (A to C and C to A) 

with the instructional set of stimuli, he emitted 10 out of 20 correct responses on probe trials for 

derived relations with the probe set of stimuli (See Figure 10 for a graphic representation of the 

results).  
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Figure 4. Independent Variable Experiment II, Visual Symmetry Relation Training 
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Figure 10. Emergent relations probes Experiment II
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Discussion 

 All three participants did not demonstrate an improved ability to derive untaught relations 

using only visual stimuli. Despite even being taught the A=C, C = A relationship directly during 

the intervention phase of the experiment, untaught relations did not emerge with the probe sets of 

stimuli. This suggests that it is the verbal operant, or a production response that may be 

necessary for derived relations to emerge, as implied by the results for Participant C in 

Experiment I. Again, other than a different set of stimuli, the only aspect of the second 

experiment that was different from Experiment I was the use of the tact operant, and the 

additional A to C, C to A direct instruction. In order to test this finding, a third experiment was 

conducted with the same participants, which reintroduced the tact operant to the stimuli used in 

Experiment II. 
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Chapter IV 

EXPERIMENT III 

Overview 

 The experimental question in experiment III is whether or not verbal operants invoke 

derived relations for participants who did not demonstrate derived relations in baseline, and 

could not do so following visual symmetry training in Experiment II. The same participants and 

materials were used from Experiment II, and the independent variable was mastery of the tacts 

for the stimulus sets. Once each participant was taught the tacts for the stimulus sets, each was 

probed for derived relations (A=C, C=A) using the probe stimuli. Participants were again probed 

for derived relations (A=C, C=A) with a novel set of stimuli, following mastery of matching 

visual symmetrical relations (A=B, B=C). Stimulus sets were counterbalanced across 

participants to control for differences in the stimulus sets. 
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METHOD 

Participants 

The participants were the same as Experiment II. Experiment III was begun 

approximately one month after the conclusion of Experiment II, and participants were re-probed 

under baseline conditions again to control for maturation and instructional history. 

Setting 

 The setting was also the same as Experiment II. 

Dependent Variable 

 The dependent variable was the same as Experiment II: whether the participants could 

demonstrate the derived relation identified as transitivity or combinatorial entailment with the 

probe set of stimuli following intervention (A = C and C =A), and then again with a novel set of 

stimuli if the derived relation was demonstrated with the probe set. For each of the probe and 

novel sets of stimuli, participants were first taught a visual match (A=B, & B=C) prior to being 

probed for the derived relation (A=C and C=A).  During probe trials, each participant was 

probed ten times for A=C and ten times for C=A, using 2d stimuli on a table-top. The only vocal 

antecedent was “match” (See Tables 9 and 10). 

Independent Variable 

 The independent variable in this experiment was the introduction of the tact operant to 

the relations taught in Experiment II. Each set of stimuli was designated a name (tact), and 

participants were taught to mastery on these tacts. No additional instruction on the relations (A to 

B, B to C) was provided.  

 For the probe sets of stimuli for Participants E and G, and the novel set for Participant F, 

a Latin name was designated for each category of 2D picture sets. For the novel set of stimuli for 
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Participants E and G, and the probe set for Participant F, the Greek letter name was used for each 

set of 2D stimuli (See Tables 9 and 10). 
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Table 9. Probe set for participants E & G, novel set for participant F 

Prior to probes, participants were taught that images from set A were to be matched with stimuli 

in set B. Then participants were taught that images from set B were to be matched with images 

from set C.  Participants were then probed for their ability to match images from set A to C and 

C to A, without direct instruction. Matching A to C and C to A was the dependent variable. No 

tacts were used by the experimenter during probe sessions, only the vocal antecedent “match”. 

B 

    

 

 A             C 

The categorical tacts on the left hand side of the table were taught for the set of 2d print stimuli 

A, B and C moving left to right. The tacts were introduced as the independent variable. 

 

Tacts      A         B              C 

Unus         Ring     Baseball bat   Coat hanger 

Duo         Plus sign   Square                Spatula 

Tres         Butterfly   Bars    Paintbrush 

Quartor        Moon     Spiral    C-Clamp 

Quinque       Star    Frisbee           Dishpan 
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Table 10. Probe set for participant F, Novel set for participants E & G 

Prior to probes, participants were taught that images from set A were to be matched with stimuli 

in set B. Then participants were taught that images from set B were to be matched with images 

from set C.  Participants were then probed for their ability to match images from set A to C and 

C to A, without direct instruction. Matching A to C and C to A was the dependent variable. No 

tacts were used by the experimenter during probe sessions, only the vocal antecedent “match”. 

  Print Stimuli: Lower case Greek letter 

B 

    

 

 A             C 

  Print Stimuli: Upper case Greek letter  Print Stimuli: Upper case English letter 

The categorical tacts on the left hand side of the table were taught for the set of 2d print stimuli 

A, B and C moving left to right. The tacts were introduced as the independent variable. 

Tacts   A    B    C 

Omega   Ω    ω    O 

Delta   Δ    δ    D 

Gamma  Γ    γ    G 

Lambda  Λ    λ    L 

Xi   Ξ    ξ    X 
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Data collection 

 Data collection procedures were the same as those used in Experiment I. 

 

Interobserver Agreement 

Procedural fidelity and interobserver agreement was calculated using the same 

procedures as Experiment I. Fidelity was measured for 6 sessions, with a mean agreement of 

100%. 100% of probe sessions were videotaped for Interobserver agreement. Mean agreement 

was 100% for all sessions across all 14 sessions. 

Results 

 All participants were probed again before beginning Experiment III with the same 

stimulus sets used in Experiment II.  In pre-probe trials for derived relations, Participant E 

emitted 5 out of 20 correct responses (A-C) using the probe set of stimuli (See Table 7). After 

mastering the tacts for the probe set, he emitted 20 out of 20 correct responses to derived 

relations (A to C and C to A) (See Figure12). During the 83 sessions of tact instruction, no 

additional instruction on symmetrical or transitive relations was provided. The first phase 

utilized an echoic prompt, the second a listener response (point to), followed by a third phase of 

independent tact instruction (See Figure 11). 

 Participant E was then probed after mastering the visual match (A=B and B=C), with a 

novel set of stimuli (the probe set for Participant F) (See Table 8), for which he emitted 6 out of 

20 correct responses. Following mastery of the tacts for the novel set, he responded correctly on 

18 of 20 probe trials (See Figure 12). Instruction on the tacts for the novel set included an echoic 

prompt in phase one, a listener response (point to) in phase two, a gestural response prompt for 

the listener response in phase three, a listener response (point to) in phase four, followed by 
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independent tact instruction in phase five.  When Participant E still hadn’t acquired the tacts for 

the novel set, the field was reduced to increase opportunities for the tact operants still not 

acquired. The reduced field was taught using an echoic response prompt in phase six, 

independent tact instruction in phase seven, a listener response (point to) in phase eight, and 

finally by independent tact instruction for all stimuli in the final phase (See Figure 11). 

 Participant F was pre-probed for Experiment III using the same probe set from 

Experiment II (the novel set for Participants E & G, see Table 8), and responded correctly on 3 

out of 20 trials. After Participant E completed the intervention and was post probed, Participant F 

was re-probed and emitted 4 out of 20 correct responses. He was then taught the tacts for the 

probe set of stimuli, following which in post-probes, he emitted 20 out of 20 correct responses 

for derived relations (A to C and C to A). (See Figure 12.) He required 170 sessions to acquire 

the tacts for the probe set, which he tacted by typing the response and pressing speak on an IPad. 

It was discovered during the course of the experiment, that typing a response and pressing speak, 

functioned as reinforcement, inadvertently reinforcing incorrect responses and lengthening the 

instructional time until it was discovered after phase 93.  

 The following teaching tactics were utilized in order: an echoic response prompt was 

used for two sessions in phase one, a listener response (point to) after which he was required to 

tact using the IPad in phase two, a listener response only (no tact) in phase three, a listener 

response (point to) with increased the opportunities for targets he was consistently erring on in 

phase four, instruction on all targets with a listener response (point to) in phase five, phase six 

was independent tact instruction, in phase seven was independent tact instruction again changed 

to increase opportunities for targets he was making consistent errors on, phase eight utilized a 

zero second time delay for tacting the increased opportunity set of targets, phase nine was a 1 
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second time delay for tacting the increased opportunity set, phase ten was a listener response 

followed by a tact response on the IPad. Phase ten was followed by independent tact instruction 

on all targets, and then independent tact instruction on a reduced field to increase opportunities. 

After this phase it was determined that typing the response was functioning as a reinforcer 

indiscriminately for correct and incorrect responses. The remaining instructional phases only 

allowed Participant F to type responses to correct listener (point to responses), which were then 

followed by independent tact instruction on reduced fields of stimuli until all tacts were mastered 

(See Figure 11). 

 Participant F was then re-probed for derived relations following mastery of symmetrical 

matching (A=B and B =C), on a novel set of stimuli (the probe set for Participants E & G) (See 

Table 7), for which he had not been taught the tacts. He emitted 5 out of 20 correct responses 

prior to tact instruction. Following mastery of the tacts for the novel set, he responded correctly 

to 20 out of 20 probe trials for derived relations (See Figure 12). He required 35 sessions to 

master the tacts for the novel set. Instructional tactics utilized in order were: a listener response 

(point to) followed by tacting with IPad, a fully prompted (gestural) listener response, a listener 

response for which he was only allowed to type the response to correct listener responses, then 

independent tact instruction (See Figure 11). 

 Participant G was pre-probed on the probe set utilized for his probes in Experiment II 

(See Table 7), and then re-probed before beginning intervention after Participant F mastered the 

tacts for his probe set. In the pre-probe he correctly responded to 8 out of 20 trials, in the time-

lagged pre-probe he responded correctly 7 out of 20 times. Following mastery of the tacts, he 

emitted 19 out of 20 correct responses to the probe set (See Figure 12). He required 26 sessions 

to master the tacts utilizing the following teaching tactics in order: echoic response prompt in 
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phase one, a listener (point to) response in phase two, and independent tact instruction in phase 

three (See Figure 11). 

 Participant G was then probed following mastery of visual symmetry (A=B and B=C) on 

a novel set of stimuli (the probe set for Participant F) (See Table 8) for which he responded 

correctly on 5 out of 20 trials. Following mastery of the tacts, he responded correctly for derived 

relations on the novel set on 17 of 20 probe trials (See Figure 12). Tact instruction on the novel 

set required 38 sessions to achieve mastery. Instructional tactics in order included: an echoic 

response prompt in phase one, independent tact instruction in phase two, a listener response 

(point to) in phase three, independent tact instruction in phase four, tact instruction with 

increased opportunities for targets he was consistently erring in phase five, and independent tact 

instruction in phase six (See Figure 11).
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Discussion 

 All three participants were able to demonstrate the derived relation (A = C and C = A) 

with the probe and novel set of stimuli following tact instruction. These findings are consistent 

with the demonstration of derived relations with typical participants done by Lowe and Beasty 

(1987), and additive to the findings of Experiment I and II. In Experiment I, teaching 

symmetrical relations with a verbal operant was successful in inducing derived relations. In 

Experiment II, using visual training of symmetrical relations alone, derived relations did not 

emerge. When the tact operant was taught in Experiment III, derived relations did emerge with 

these participants, indicating a functional relationship. The participants in this series of 

experiments had limited verbal repertoires, which appear to have limited their ability to derive 

relations, until taught to do so with symmetry and verbal operants.  

 I also observed and recorded the participant’s vocal behavior during post probes for 

Experiment III. Participant E emitted 5 tacts during the post probe for the novel set: “Omega”, 

“Delta”, “Delta”, “Xi” and “Gamma.” Participant G emitted the following vocal operants during 

the post probe, “Unus”, “Tres to Tres”, “Quinque to Quinque”, “Quinque to Quinque”, and the 

following tact, “Omega” during the post-probe with the novel set. Participant F is non-vocal, and 

used an IPad for his verbal responses in the classroom, so no vocal verbal behavior was 

observed. The vocal operants being emitted by Participants E and G during post-probe sessions, 

as they were not taught the tacts until Experiment III, is further the evidence of control the verbal 

operants had over the dervied relations. It is suggested by the results following Experiment III, 

that the participants were tacting vocally or subvocally in order to demonstrate the derived 

relations during post probes.  
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General Discussion 

Chapter V 

Major Findings and Possible Explainations 

 Experiment I showed that teaching symmetrical relations with vocal operants was 

functionally related to inducing derived relations with the selected participants who had severe 

cognitive and language delays. Experiment II explored whether teaching symmetrical relations 

alone, without verbal operants, was sufficient to induce derived relations. The results indicate 

persuasively that this was not the case with the selected participants, who again had severe 

cognitive and language delays. Finally, Experiment III demonstrated that by reintroducing the 

vocal operant with the participants from Experiment II, derived relations emerged. 

 Based on these findings, I speculate that two things are to derive relations: 1) symmetry 

in the form of joint stimulus control between one’s own response and an enviromental or covert 

stimulus, and 2) a production response.  In the case of verbal operants (assuming conditioned 

reinforcement for attending to vocal and visual stimuli, and assuming the ability to match both 

vocal auditory stimuli and generalized visual stimuli) an individual must demonstrate bi-

directional stimulus control between hearing a word and “thinking” of an image or otherwise 

attending to an image in the enviroment, and conversely seeing an image and “thinking” of a 

word or otherwise attending to a spoken word. Theoretically, the image or word attended to can 

either be present in the environment or a function of conditioned seeing or hearing (Skinner, 

1953). 

 To illuminate this by way of example, the participants in this series of experiments had a 

long history of responding to listener (point to) programs, and were able to match both 
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generalized visual and auditory vocal stimuli. However, they displayed difficulties in acquiring 

new tacts. Based on a review of their learning history, they responded well to listener programs, 

but when tacting cycled through vocal responses without attending to the visual stimulus, or 

without attending to their own vocal verbal response. They appeared responding in a 

unidirectional manner rather than a bi-directional manner, in that they learned that A = B, but did 

not derive that B = A. In other words, it appears that hearing a word would evoke a point to 

response to an image, but that image wasn’t associated back to the spoken word. Or, in the case 

of a tact, the image would evoke a speaker response, but the speaker response wasn’t associated 

back to an image. Instructionally, the stimulus wasn’t being attended to concurrently with 

emitting the response. The stimulus only occasioned the response as an antecedent. Referring 

back to the image of the tree in Figure 1, the responses went in a single direction, rather than 

both directions indicated by the arrows. Being that their long history of instruction was 

unidirectional (they were either taught a listener response to a vocal antecedent, or to respond to 

an image with a tact response) they had not derived the bi-directional nature of these relations, 

and it had not been taught due to the nature of their instruction.  

 Further evidence of a lack of bidirectional/symmetrical responding was evident during 

baseline. Participants were taught a listener response (point to) for two sets of stimuli using the 

same spoken word (A=B, and B=C). However they could not match these stimuli when not 

provided the word (A=C and C=A). The common stimulus was the spoken word (B). If the 

participants saw the image (A or C) and “thought” of the word (said it subvocally), they should 

have been able to match the stimuli, because when the word was said, they could point to the 

correct stimulus (A or C). 
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 The cross modal matching, utilized in Experiment I, was designed to teach bidirectional 

or symmetrical responding between seeing and hearing (also hearing and seeing). It rotated the 

listener (point to ) response of matching spoken word to picture with the opposite: matching 

picture to spoken word. The results of Experiment I suggest that the cross modal matching 

procedure did teach bidirectional/symmetrical responding effectively for participants who had an 

echoic repertoire, because during post probes they could match A to C and C to A. Thus, when 

presented with a stimulus from A or C they likely “thought” of the word and were able to then 

respond as a listener to themselves, and match it to the corresponding stimuli. None of the 

participants received any additional instruction on the relations or the tacts for these stimuli after 

the pre-probe, so the induction of this derived verbal relation is suggested by the results. 

 In an applied sense, the combined results from all three experiments propose that 

programmed instruction in behavior analysis, and in teaching in general, should incorporate 

bidirectionality into instructional design, or test for this capacity. Particularly with children with 

low levels of verbal behavior, symmetry appears to be critical to basic derived relations. 

 In terms of basic science, the series of experiments demonstrates the role of experiences 

in evoking higher order operant responding. Whether referred to as Stimulus Equivalence, 

tansitivity, or combinatorial entailment, the A to C (or C to A) relation is foundational to all 

other research on higher order verbal operants and, based on the results, is a product of symmetry 

(A=B and B=A) and verbal operants. In general, the derived relations (A to C, C to C) have been 

repeatedly demonstrated with human participants who have verbal repertoires, and consistently 

not been demonstrated with animals. Identifying human subjects with very limited verbal 

capabilities, and inducing the capability in them, as in these experiments, brings to light the role 

the environment plays in developing this most basic language capability. The children who 



	  

	  

85	  

served as participants in these three experiments did not have the Naming capability before or 

after the experiments, suggesting that the relationships identified by Sidman (1971) may be a 

component of Naming, but not equivalent to Naming (Catania, 1992; Dugdale & Lowe, 1990; 

Hayes, 1989, Sidman, 1990). The pariticpants had multiple exposures to procedures that have 

been effective with other participants in inducing the Naming capability (Multiple Exemplar 

Instruction, Intensive Tact Instruction), both before and after the intervention, and during tests 

for Naming, were unable to demonstrate the capability. The evidence also suggests that the 

participants did not emit conditioned seeing or hearing with the probe stimuli, that it is until 

derived relations were induced. If conditioned hearing and seeing are symonymous with 

“thinking” then prior to intervention, these participants with extremely limited cognitive and 

language abilities did not do so with these stimuli in baseline, and neither did the non-human 

animals in prior research.  

 Research Question 1. Will strengthening symmetrical relations across vocal and visual 

stimuli induce derived relations? 

 The results of Experiment I indicate that for three of four of the participants, 

strengthening vocal and visual symmetry was sufficient to induce derived relations (A=C). For 

Participant C, he did not have an echoic repertoire, and did not emit verbal behavior other than 

mands with gestures or assitive techonology, so this may have limted his acquisition of derived 

relations involving a tact.  

 In Experiment II, symmetry without the use of vocal operants did not induce derived 

relations with any of the selected participants. Then in Experiment III, the introduction of the tact 

to the participants of Experiment II did induce derived relations. The results across all three 
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experiments indicate responses to derived relations increased as a result of strengthening 

symmetry with the use of a tact. 

 Research Question 2. Can derived relations be taught visually, without verbal operants? 

 The results of Experiment II showed that none of the participants demonstrated derived 

relations following visual symmetry training alone. Both symmetry (A=B, B=A, B=C, C=B) and 

in phase two transitivity (A=C, C=A) were taught with the training set of stimuli, but derived 

relations did not emerge with the probe sets of stimuli with the participants. 

 In the demonstration by Lowe and Beasty (1987), visual symmetry may have already 

been present for participants in their study with higher levels of verbal behavior, who according 

to the experimenters, were observed emitting tacts related to the probe stimuli. But, for the 

participants in this series of experiments, who could not demonstrate derived relations in 

baseline, visual symmetry was not sufficient to induce derived relational responding (A to C, C 

to A). 

 Research Question 3. Would the introduction of the tact following mastery of visual 

symmetry induce derived relations? 

 Results of the Experiment III indicate derived relations did emerge with the probe and 

novel sets of stimuli for all three participants following mastery of the tacts for the stimulus sets. 

The selected participants, with limited cognitive and language abilities, did not increase accurate 

responding following mastery of visual symmetry alone, but did so after acquiring the tacts for 

the stimulus sets. This suggests the tact may be a controlling variable in derived relational 

responding. 
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Limitations 

 In Experiment I, probe and novel sets of stimuli were not counter balanced. This is a 

limitation due to possible differences in the the difficulty of the stimulus sets. This limitation was 

adjusted for in Experiments II and III. 

 While conditioned seeing and hearing may be implied by the findings, there is no known 

instrument that can determine whether these participants subvocally said a word or evoked an 

image. This limitation will exist until instrumentation allows neurologists to see and hear the 

internal behavior of the organism. 

Future Research 

 Further research should be done to determine if a production response other than a vocal 

verbal one, such as a gesture, a drawing, a note played on an instrument, etc., are sufficient to 

evoke derived relations with participants who can not do so in baseline. This would lend 

evidence to the discussion of whether or not derived relations are necessarily a product of verbal 

behavior or simply emiting and attending to a production response. It may also lend itself to 

clarification of the definition of what constitutes language. The role of language in derived 

relations has been discussed extensively (Catania, 1992; Dugdale & Lowe, 1990; Hayes, 1989; 

Sidman, 1990), but it has yet to be determined if other production responses may serve to evoke 

emergent relations. 

 Additional research could also attempt to teach the tacts without teaching symmetry, with 

participants who do not display derived relations in baseline, to determine if mastery of the tacts 

alone is sufficient to induce derived relational responding. Based on the current results, if the 

participants attend to their own responses, this may lead to derived responding. The results of 
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Experiment I indicate that acquisition of tacts for the participants improved as a result of 

strengthening symmetry between vocal and visual stimuli, so strengthening the tact repertoire 

may necessarily strengthen bidirectional responding and result also in improved responses to 

derived relation probes. 

 Finally, another area of potential research based on these findings, and the findings of 

Schmeltzkopf (2010) , and Eby (2011), is if conditioning social attention will lead to an increase 

in derived responding, given that in the referenced studies it leads to an increase in verbal 

operants such as tacts and Naming. In general, more behavior analytic research in conditioning 

social attention should be done to explore its effects on higher order verbal relations. 

Conclusion 

 Throughout the behavior analytic research literature, derived relational responding has 

been found to be central to higher order verbal capabilities such as Naming (Greer and 

Speckman, 2009; Hayes et al., 1991; Horne & Lowe, 1996). Identifying the controlling variables 

in the enviroment is vital to developing the language capabilities of those with language delays, 

and those who come from language impoverished enviroments (Hart and Risley, 1995). It is also 

essential to developing a comprehensive theory on verbal behavior. The symmetrical and 

transitive relations are fundamental to verbal relational responding, and the documentation of 

those controlling variables will allow further application in teaching individuals with language 

delays, and contribute to the research on verbal behavior. 

 In summary, bidirectional/symmetrical responding and the tact were necessary to induce 

derived responding with six out of seven participants with severly limited cognitive and language 

abilities, across three experiments. Joint stimulus control between their own responses and either 
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covert or environmental stimuli allowed them to derive relations between stimuli, that they could 

not derive during baseline. It appears, based on the results, that seeing an image and “thinking” 

of a word, or hearing a word and “thinking” of an image, may be necessary for derived relations. 
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Appendix A 

Definition of Terms 

1. Abstraction 

According to Skinner (1957), an abstraction is the result of differential 

reinforcement for certain dimensions of stimulus classes maintained by the verbal 

behavior of the community. The term abstraction refers to the transfer of function from 

one stimulus to another stimulus, sometimes due to contextual control (Hayes et al. 2001, 

p 32). For example, a child sees	  a furry animal and learns that it’s a “dog.” Subsequently, 

the child sees a dog of a different breed and responds by saying, “dog.” 

2. Comprehensive Application of Behavior Analysis to Schooling (CABAS®) 

A research based model of education characterized by the comprehensive 

application of behavior analytic principles across all aspects of schooling, from 

supervisors and parents to teachers and students.  Teachers individualize instruction for 

each student, and monitor learning by collecting data on all responses. Since instruction 

is driven by the moment-to-moment responses of each individual student, teachers 

continuously modify instruction based on student learning and ongoing research. 

Instructional decisions are made by applying a scientific algorithm to the graphical 

displays of student learning (Greer, 2002; Greer & Ross, 2008). The participants included 

in the current study were selected from classrooms that utilize the CABAS® model of 

instruction.  

    3. Combinatorial Entailment 

Combinatorial Entailment is similar to the transitive property outlined in the 

Stimulus Equivalence research, and refers to the following relations between stimuli: if A 

equals B, and B equals C, then A equals C. According to Relational Frame Theory, 
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Combinatorial Entailment relations are not necessarily linear, since a stimulus can be 

involved in various frames of relations with countless other stimuli.	  These frames of 

relation are broken down into the following categories:  coordination, distinction, 

opposition, comparison, spatial, temporal, hierarchical, causality, and deictic. See (Hayes, 

Barnes-Holmes & Roche, 2001) for a detailed description of these frames.	  

3. Conditioned Hearing/Seeing 

The act of hearing or seeing a stimulus that is not physically present, through a 

history of conditioned reinforcement. For example, while reading a story the reader 

“pictures” the character covertly. In regards to private events, Skinner (1953) stated, 

It is usually held that one does not see the physical world at all, but  
only a nonphysical copy of it called ‘experience.’ When the physical  
organism is in contact with reality, the experienced copy is called  
a ‘sensation,’ ‘sense datum,’ or ‘percept;’ when there is no contact,  
it is called an ‘image,’ ‘thought,’ or ‘idea.’ 
 

4. Derived Relations 

Derived relations, or arbitrarily applicable relations, are defined as responses that 

are not solely dependent on the physical properties of stimuli, but are based on the 

appropriate relational context grounded in the language history of the individual. Such 

relations occur between stimuli or groups of stimuli (i.e., ‘opposite’). These frames are 

broken into categories of coordination, distinction, opposition, comparison, spatial, 

temporal, hierarchical, causality, and deictic (see Hayes, Barnes-Holmes & Roche, 2001 

for a detailed description).  

5. Differential Reinforcement 

Differential reinforcement refers to the provision of specified levels of 

reinforcement following different responses. The behavior that results in the greatest 



	  

	  

104	  

amount of reinforcement is more probable to occur in the future. Instructors use 

differential reinforcement to increase behavior by delivering reinforcement only 

following the emission of a specific target response, or to decrease target behavior by 

withholding reinforcement following the emission of a specific target response and 

delivering reinforcement following other behaviors. 

6. Emergent Relations 

A term that describes the emergence of untaught responses following instruction 

in conditional discriminations. For example, if an individual learns that, “one” equals 

{�}, and “one” equals “1,” an emergent relationship between stimuli is present if, in the 

absence of direct instruction, the individual identifies that 1 = {�}. This term may be 

used to describe types of novel behavior. 

7. Learn Units 

A Learn Unit is defined as two or more interlocking three term contingencies 

between student and teacher and/or teaching device, which includes the teacher’s delivery 

of an unambiguous antecedent while the student is attending, and the student’s emission 

of a response, followed by the teacher’s and/or teaching device’s presentation of an 

appropriate consequence. The teacher presents a reinforcement procedure following 

correct responses, and a correction procedure following incorrect responses. During the 

correction procedure, the teacher re-presents the antecedent and provides the student with 

a model (echoic, gestural, etc.) of the correct response, to which the student responds by 

emitting the corrected response. The teacher does not deliver reinforcement following the 

corrected response (Greer, 2002). 

8. Multiple Exemplar Instruction (MEI)  
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Multiple Exemplar Instruction (MEI) is an instructional procedure designed to 

bring a stimulus under the joint stimulus control of two or more response functions. 

During an MEI instructional session, the instructor rotates the stimulus across response 

topographies. Using MEI, researchers have demonstrated the induction of the 

transformation of stimulus function, the induction of the transformation of establishing 

operations, and the joining of listener and speaker repertoires, for students who 

previously lacked such capabilities (Greer & Ross, 2008, Greer, Stolfi, Chavez-Brown, & 

Rivera-Valdez, 2005; Nirgudkar, 2005). 

9. Reflexivity 

According to Sidman (1971), reflexivity refers to the relationship between stimuli 

in which a stimulus is the same as itself or another stimuli with similar properties. 

Reflexivity is characterized by the following property: A=A  

     10. Symmetry 

According to Sidman (1971), symmetry refers to the relationship between stimuli 

that is characterized by the property: if A=B, then B=A  

     11. Tacts 

According to Skinner (1957), tacts are verbal operants that make contact with the 

environment under nonverbal antecedent control, and result in generalized social 

reinforcers from listeners (i.e., praise, attention, confirmation). 

12. Textual Response 

An overt or covert vocal response under the control of printed words (Catania, 

2008; Skinner, 1957).  

13. Transformation of Establishing Operations 

When a single response is controlled by more than one motivational 
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condition.  

14. Transformation of Stimulus Function 

A higher order operant or frame, in which a single stimulus controls two or more 

different response types. Transformation of stimulus function occurs as a result of 

multiple exemplar experiences, where a stimuli is transformed to evoke responses that 

were not present prior to those experiences (Greer and Ross, 2008).  

15. Transitivity 

According to Sidman (1971), transitivity refers to an emergent relationship 

between stimuli, characterized by the following property: if A=B, and B=C, then A=C. 

which a stimulus is the same as itself or another stimuli with similar properties.  

 

 


