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EVALUATION OF TACT AND LISTENER INSTRUCTION AS A FIRST STEP TOWARD 

ESTABLISHING INTRAVERBAL RESPONDING 

Avonte Oquendo, a 14 year old boy with autism spectrum disorder (ASD), went missing 

from a New York City subway in October of 2013. His remains were found three months later, 

in a body of water near Queens. During the search, a teenage boy attempted to talk to another 

boy who looked just like Avonte, but was not. Had he been Avonte, this interaction would have 

done little good. Avonte was completely non-verbal, and his situation is not unique. Every year, 

nearly 800,000 children go missing in the United States (National Center for Missing and 

Exploited Children, 2013). Of the missing, a significant number have ASD. Roughly 48 percent 

of children with ASD attempt to elope, and more than one-third cannot communicate their 

names, a phone number, or their parents’ names (National Autism Safety Association).  

ASD is a neurodevelopmental disorder characterized by deficits in communication, social 

interaction, excesses in repetitive or stereotyped behavior and highly-restricted interests 

(American Psychiatric Association, 2013). Some with ASD never talk, whereas others have well-

developed vocabularies and struggle primarily with more subtle aspects of social communication 

such as body language and tone (Gernsbacker, Morson & Grace, 2015).  

The National Autism Center (2015) assessed many of the treatment packages offered to 

individuals with ASD and determined the majority of “well established” treatment options (those 

that have been thoroughly researched and shown to be effective) are based on applied behavior 

analysis (ABA). Early intensive behavioral intervention (EIBI) is a class of ABA-based service 

delivery models for young children with ASD characterized by comprehensive intervention that 

addresses language and communication, social, pre-academic, and daily living skills, as well as 

challenging behavior.  
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Heavily focused on language, early EIBI programs include teaching children to request 

preferred items, label common items, follow simple verbal instructions, and vocally imitate 

sounds (Leaf & McEachin, 1999; Maurice, Green & Luce, 1996; Partington & Sundberg, 1998). 

Intermediate and advanced language objectives may include identifying objects when told about 

their function (e.g., “Point to the one you eat soup with”), labeling items based on their attributes 

or functions (e.g., “Show me something that can drive and has wheels”), and using carrier 

phrases (e.g., “It’s an old ball”). Intermediate and advanced objectives also include answering a 

variety of questions about familiar objects in the absence of relevant visual stimuli (e.g., “What 

do you eat soup with?”; Maurice, Green & Luce, 1996; Partington & Sundberg, 1998). This is an 

important step towards the goal of acquiring conversational language and language 

comprehension, beyond simply labeling and requesting items in the immediate environment. 

Within EIBI, language skills are typically taught using prompts, prompt-fading, and 

contingent reinforcement to bring specific response topographies under appropriate stimulus 

control. For example, when teaching a child who already labels many items to answer questions, 

a therapist may use a picture prompt and say, “You live in a ____”, and then immediately show a 

picture of a house. The therapist then fades this picture prompt over time. Reinforcement is 

contingent on responding correctly with the prompt, and eventually without the prompt.  

For learners who have progressed past the early stages of EIBI, reinforcement of specific 

response topographies in the presence of specific stimuli sometimes affects behavior that does 

not participate directly in the reinforcement contingency. For example, a child who already 

labels numerous animals (e.g., can say “cat” when they see one), may receive reinforcement for 

pointing to exemplars of various species when asked “Find the animals”. Later, the child may be 

able to state, “A cat is an animal” without any specific instruction, due to having learned to 
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categorize in this way. Little is currently known about the processes responsible for such 

outcomes, or which teaching procedures might promote them. Additional research should ask 

how to capitalize on these effects for two main reasons. First, instructional efficiency may be 

improved if directly establishing certain skills also produces untaught skills. Second, most of 

people’s naturally occurring utterances have not been directly taught. The current set of two 

translational experiments modeled ABA-based instruction and EIBI curriculum objectives in 

typically developing children to examine how different types of instruction affect the emergence 

of untaught verbal skills. 

Prior to the early 1990’s, research was typically categorized as either basic or applied. 

More recently the term “translational research” has become popular to describe investigations 

that reside in the continuum between those classifications. Translational research aims to identify 

basic mechanisms that govern some phenomenon as well as to apply that information to reduce 

suffering or treat and prevent disease. Translational behavior analysis tends to be less concerned 

with direct benefits to individual participants, and more concerned with evaluating how theories 

or basic research findings hold up in new contexts that move the research closer to direct 

application. The current experiments may be categorized as translational for two reasons. First, 

in addition to the primary practical goal of evaluating a recommendation commonly made in 

EIBI curricula, the study aimed to evaluate predictions made by Naming theory (Horne and 

Lowe, 1996) regarding patterns of co-occurrence in the emergence of untaught skills. Second, 

the participants were not children in need of language intervention; instead, they were typically 

developing children
1
.  The decision to recruit typically developing participants was made 

primarily because it may be useful to study patterns of emergent behavior in typically developing 

                                                           
1
 Children diagnosed with ASD or intellectual disability were excluded from participation, but 

this did not exclude all neurodevelopmental disorders, such as a specific learning disorder. 
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individuals before directly exporting theory to field research with participants with 

developmental disabilities. When studying children with disabilities, deviations from theoretical 

predictions become difficult to interpret, as it may be argued that they stem from neurological 

differences.  In addition, studying typically developing children may allow for better 

experimental control, as research with children with developmental disabilities may be disrupted 

by problem behavior and complicated by a conflict between the goals of the research and the 

clinical needs of the participants. The primary objective, nevertheless, was to obtain knowledge 

that could potentially inform language instruction practices for children with ASD or other 

developmental disorders within the context of EIBI, following additional research with this 

population.  

Verbal Behavior 

The EIBI approach to language intervention typically employs a conceptual framework 

derived from, or consistent with, Skinner’s (1957) analysis of verbal behavior (Love, Carr, 

Almason, & Petursdottir, 2009).  In Verbal Behavior, Skinner (1957) proposed an early domain-

general, non-representational account of language as a product of primarily operant learning 

principles. He argued that although other fields of study, such as classical rhetoric, grammar, 

logic, linguistics, literary criticism, and semantics had contributed technical terms and principles 

to the study of language, they failed to produce a causal analysis of verbal behavior. Thus, 

Skinner set out to provide a functional account in terms of relationships between verbal behavior 

and environmental antecedents and consequences. Skinner defined verbal behavior as “behavior 

reinforced through the mediation of other persons” (p. 2). He illustrated this point with an 

example of a person who learns to open a door. Various physical movements toward the door 

and knob are reinforced by changes in the physical environment which result in an open door. 
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Conversely, a person can accomplish the same feat by saying “Please open the door” to another 

person who is present and willing. Both behaviors (the physical act of opening the door and 

asking someone else to open the door) are operant and acquired through similar learning 

histories; the only difference is the source of reinforcement (a direct effect on the environment 

vs. an effect mediated by the other person who opens the door).  

The notion that language is operant behavior represented a unique view; Skinner (1974) 

wrote:  

Relatively late in its history, the human species underwent a remarkable change: its vocal 

musculature came under operant control…Language was born, and with it many 

important characteristics of human behavior for which a host of mentalistic explanations 

have been invented…The words and sentences of which a language is composed are said 

to be tools used to express meanings, thoughts, ideas, propositions, emotions, needs, 

desires, and many other things in or on the speaker’s mind. A much more productive 

view is that verbal behavior is behavior. It has a special character only because it is 

reinforced by its effects on people-at first other people, but eventually the speaker 

himself. As a result, it is free of the spatial, temporal, and mechanical relations which 

prevail between operant behavior and nonsocial consequences (p. 100).  

In other words, Skinner proposed that (a) verbal behavior is under operant control, and (b) 

hypothetical constructs (e.g., “meaning” and “ideas”) as causal variables do not contribute to a 

functional understanding of what causes people to speak. However, such concepts can be 

dependent variables in a Skinnerian analysis. According to this account, the “meaning” of an 

utterance lies simply in the environmental variables of which the utterance is a function. The 
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ability to discover and manipulate these variables would accomplish the aim of predicting and 

controlling, and by extension explaining, verbal behavior.  

Listener and speaker behavior. Skinner (1957) proposed that behaving as a speaker and 

as a listener constitutes two separate repertoires. Responding as a speaker includes verbal 

behavior such as using sign language, speaking, writing, and other means of expressing 

information. Conversely, behaving as a listener includes responding to verbal behavior, such as 

passing the salt when you hear “Salt please”. Although these repertoires may develop 

simultaneously, they are not necessarily under identical control by environmental variables, and 

acquisition or modification of one does not necessarily imply acquisition or modification of the 

other.  

Skinner (1957) detailed seven elementary verbal operants involved in the behavior of the 

speaker that together made up the basis of his interpretation of language. A verbal operant is a 

class of verbal responses under the control of a particular antecedent (a motivational variable or a 

discriminative stimulus) and characteristic reinforcement. Along with the echoic (repeating what 

another person has just said), the three verbal operants most relevant to early language 

programming in EIBI are the mand, the tact, and the intraverbal. 

Mands and tacts. Perhaps the two most important types of verbal operants Skinner 

described were the mand and the tact. The mand was described as a verbal response under 

motivational control; specifically, under the control of deprivation or aversive stimulation. In 

contemporary writings, the controlling variable for a mand is typically referred to as a motivating 

operation (Laraway, Syncerski, Michael & Poling, 2003; Michael, 1988); or an environmental 

event that temporarily alters the reinforcing efficacy of objects, or events as consequences, and 

alters the probability of all responses that have previously been reinforced by that consequence. 
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A mand occurs when the behavior of the speaker is under the control of a specific motivating 

operation, often as a result of prior reinforcement by a characteristic consequence. For example, 

a hungry child who has received milk in the past after saying “mm” may begin manding for milk 

by saying “mm” with regularity. Manding is important because it provides people a way to 

express their needs and wants. Problem behavior often serves that need before socially 

appropriate communication is acquired, because it is frequently maintained by socially mediated 

reinforcement (Hanley, Iwata, & McCord, 2003). As such, a socially appropriate mand repertoire 

can lead to reductions in problem behavior and an increased interest in using language because it 

may be more effective at gaining access to desirable items or situations. For these reasons, mand 

training is often the first language instruction that a child with ASD receives. 

 In the tact relation, a specific verbal response is made more likely by the presence of a 

specific object or event or property of that object or event. For example, the sight of a cat may 

evoke the response “kitty” or “whiskers”. The reinforcement for tacts is generalized in the sense 

that it is not specified by the response itself, as is the case with mands. For example, social praise 

(“You’re right, that’s a kitty!”) can maintain a tact repertoire. Word-referent relations such as 

this are necessary to build a vocabulary, and later for any discussion about a person’s 

environment to occur; therefore, much effort is typically placed on teaching a tact repertoire.  

It is important to note that the same form of response can participate in both a mand and a 

tact relation. For example, the response “water” can function as a mand when evoked by water 

deprivation, or as a tact when evoked by the sight or sound of water in the absence of water 

deprivation. Skinner (1957) assumed that in the natural environment, most occurrences of verbal 

behavior are occasioned by a confluence of variables that are currently present; for example, the 
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response “water” might be evoked by a combination of water deprivation and the sight of a bottle 

of water.  

Intraverbal behavior. Intraverbal behavior includes any verbal response that does not 

share point-to-point correspondence with the antecedent verbal stimulus which controls it 

(Skinner, 1957). Point-to-point correspondence occurs when the beginning, middle, and end of a 

response matches the beginning, middle, and end of the verbal stimulus, as is the case when a 

person echoes something a friend said, or when text is copied verbatim. For example, an 

intraverbal response could be saying “Great!” to the question “How do you feel?” because the 

response does not match the verbal stimulus that preceded it.  

The intraverbal represents a large category of verbal behavior which encompasses a 

diverse group of responses. Intraverbal control is involved in everything from question 

answering and conversational exchanges to reading comprehension and even to covert mediating 

responses, which are referred to by some as “memory” or “thinking”. As with the mand and the 

tact, an intraverbal is not defined in terms of the form of the response, but its relation to a 

controlling antecedent variable. For example, the response “water” is an intraverbal when evoked 

by hearing a word such as “swimming.” 

The Skinnerian perspective in ABA language intervention. The primary rationale that 

has been provided for employing a Skinnerian perspective on language in EIBI programs is that 

Skinner’s (1957) analysis of verbal behavior suggests a practical approach to instruction 

(Sundberg & Michael, 2001). A focus is placed on the elementary verbal operant as a functional 

unit. In short, words do not serve as an effective unit of analysis, because a word (i.e., a 

particular vocal topography) can serve a different function (e.g., mand, tact, intraverbal) when 

uttered in different contexts. Words represent a unit of grammar, but do not represent a unit of 
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behavior for either speaker or listener. For example, the spoken word “dog” could serve as a 

request from a child who cannot yet say “I would like a dog”, or it could serve as a tact by a 

father when he points to a dog on the street and says “dog” to his toddler. A child may learn the 

word “dog” as a tact and then be able to also use it as a mand, but from the perspective of 

Skinner’s (1957) analysis, this outcome cannot be taken for granted because the tact and the 

mands are instances of functionally distinct operants. Practically, it has been argued (Sundberg & 

Michael, 2001) that conceptualizing language from the operant perspective brings attention to 

the multiplicity of variables that must gain control over a particular response form before it can 

be used productively. That is, simply teaching a child a basic vocabulary in the context of 

labeling (i.e., tacting) items does not ensure that they can request (i.e., mand for) those items or 

talk about them (intraverbally) in the context of conversation.   Studies have shown, for example, 

that some children with ASD may require explicit instruction to respond as a listener and speaker 

to the same stimuli (labeling a cup when shown a cup, and pointing to a cup when asked “Where 

is the cup?”; e.g., Delfs, Conine, Frampton, Shillingsburg, & Robinson, 2014), and to tact items 

they have previously learned to mand or vice versa (see Gamba, Goyos, & Petursdottir, 2015, for 

a review).  

Emergent Verbal Behavior 

As noted previously, the Skinnerian perspective of basic verbal operants provides no 

reason to suppose that reinforcing a response as one verbal operant will result in that response 

appearing under new stimulus conditions. Likewise, there is no reason to presuppose that 

reinforcing listener behavior will result in speaker behavior emerging. Nevertheless, Skinner 

(1957) noted that transfer of control among verbal operants, as well as between speaker and 

listener behavior, frequently does occur and he provided several ways this may come to be. 
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One possible reason is that at the time of reinforcement, the stimulus conditions present 

are appropriate to more than one verbal operant. For example, if a young child learns to mand for 

milk, he may also appear to spontaneously be able to tact milk when he sees it. Because mands 

are often reinforced in the presence of the stimulus that motivated the behavior, multiple control 

(tact and mand) might be established. Said another way, a possible association may exist 

between the mand “milk!” and the tact “milk” because being in the presence of milk represents 

an optimal time to emit the mand “milk!” because the child is more likely to get milk when it is 

available than when it is not. Although this response may be occurring under a current state of 

deprivation from milk, and therefore functions primarily as a mand, it makes the emission of the 

word “milk” more likely in the presence of milk. The response may eventually be emitted as a 

tact (i.e., under control of a discriminative stimulus rather than a motivating operation) and come 

under the control of generalized reinforcement (social praise). Among other possible reasons, 

Skinner (1957) suggested that generalized operant control over sentence frames may contribute 

to such transfer. For example, a child may learn that saying, “May I have ___ please” is likely 

result in the receipt of the item corresponding to any tact inserted into the frame; as a result, the 

child might be observed to mand for a dog or a trip to the moon, even though such a mand has 

never previously been reinforced. In addition, Skinner (1957) suggested that mature speakers 

may possess acquired repertoires of “translation or transcription” (p. 188), enabling a response 

reinforced under one set of conditions to occur under another set of conditions. However, details 

were not provided on the specific nature of these repertoires. 

Critics have suggested that Skinner’s analysis cannot fully explain all of the subtle 

nuances that characterize language (Hayes, Barnes-Holmes, and Roche 2001); especially aspects 

related to emergent behavior, including the emergence of a response reinforced under one set of 
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stimulus conditions to a set of conditions that define a different verbal operant. Recent 

theoretical extensions of Skinner’s (1957) analysis have attempted to address these issues.  

Naming theory. Naming theory (Horne & Lowe, 1996) is an extension of Skinner’s 

analysis that focuses primarily on children’s early language acquisition and attempts to account 

for the emergence of non-reinforced speaker and listener behavior by appealing to extra-

contingency behavior that occurs at the time of reinforcement. Horne and Lowe defined naming 

as a “higher order behavior class, combining both listener and speaker relations.” (p. 315). 

According to this theory, the reinforcement of a tact (e.g., reinforcing the response “car” in the 

presence of a car) tends to also reinforce corresponding listener behavior, as the speaker’s 

behavior of orienting towards the car will be reinforced in the presence of the stimulus “car,” 

which is a product of the immediately prior response. Similarly, reinforcement of a listener 

response (pointing to or otherwise orienting towards the car when asked, “Where is the car?”) 

tends to also reinforce a corresponding tact, as the listener may overtly or covertly echo the 

crucial component of the stimulus (e.g., “car”) while orienting. Thus, the naming capability 

implies a bidirectional tact-listener repertoire (i.e., acquisition of a tact leads to emergence of the 

corresponding listener relation and vice versa). A name relation is said to exist when the 

reinforcement of listener behavior produces a corresponding tact or vice versa. If two name 

relations then become linked intraverbally, according to Horne and Lowe (1996), the 

corresponding listener relations enter into the intraverbal relation. For example, a child who 

learns to intraverbally respond “dime” to “10 cents” and had previously identified the coin only 

as a “dime” can now identify it as a listener upon hearing “10 cents,” because 10 cents now 

evokes the intraverbal response “dime” that in turn evokes the correct listener response. It should 

be noted that Naming theory assumes that reinforcement of an intraverbal response typically 
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produces a bidirectional intraverbal relation due to self-repetition at the time of reinforcement. 

As a result, reinforcing the reverse intraverbal relation of responding “10 cents” to “dime” 

should produce the same outcome. Empirically, however, directly reinforced intraverbal relations 

do not always appear to be bidirectional (e.g., Petursdottir, Carp, Peterson, & Lepper, 2015; 

Petursdottir, Carr, Lechago, & Almason, 2008; Petursdottir & Haflidadottir, 2009).   Horne and 

Lowe (1996) suggested that naming behavior could explain numerous complex phenomena 

besides emergent verbal behavior, ranging from rule-governance to stimulus equivalence. 

Stimulus equivalence.  Although stimulus equivalence theory is not meant to explain 

verbal behavior per se, it may address some of the phenomena that occur when verbal behavior 

emerges without direct reinforcement. The term stimulus equivalence typically refers to 

“emergence of untaught stimulus relations following a history of reinforcement for relating the 

stimuli in finite ways” (Rehfeldt, 2011, p.109). The first experiments in stimulus equivalence 

(Sidman, 1971) showed that teenaged boys with severe intellectual disability could treat 

physically different stimuli as equivalent to one another without direct instruction. Stimulus 

equivalence could contribute to an explanation of the symbolic (or referent) behavior and 

generativity that characterizes human language and could have significant implications for a 

behavior analytic understanding of language (Stromer, Mackay, & Remington, 1996) as well as 

development of related applied technologies (Rehfeldt, 2011). 

Sidman (1971) asked whether boys with intellectual disability could “read” or 

demonstrate some understanding of printed words using two tests. First, participants were shown 

a screen with a printed word in the center and eight images surrounding it in a circle. They were 

asked to touch the picture (comparison stimuli) that matched the printed word (sample stimulus). 

Then the arrangement of the screen was changed such that one image was in the center and an 
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array of eight printed words surrounded it. Participants were then asked to select the word that 

matched the image. None of the boys responded correctly on this test, so the experimenters 

taught them to select the image when presented with an auditory stimulus of the spoken word 

(e.g., “car”) that was initially printed on the screen. Next, they were taught to match each 

dictated (auditory) sample stimulus to the corresponding printed word. Although this task was 

challenging for them, eventually they all learned to do this with at least 20 words. However, 

Sidman had yet to show that the participants understood that the printed word referred to an 

image, so he administered the initial test again. With no direct instruction, the participants 

matched pictures to the corresponding printed word and vice versa, thus demonstrating a 

rudimentary form of reading comprehension. Sidman (2009) explained, “After they had learned 

the original 40 auditory-visual relations via direct teaching with reinforcement, 40 new visual-to-

visual relations literally emerged— in full bloom, so to speak. They could now read with 

comprehension without their doing so ever having been reinforced” (p. 10).  

 Sidman (2000) suggests that reinforcement contingencies produce both analytic and 

equivalence units. Analytic units can be thought of as the description of the behavior that results 

from instruction. For example, two-term contingencies that consist of a behavior and 

consequence produce either operant reinforcement or punishment, three-term contingencies that 

consist of antecedent events/stimuli (discriminative stimuli or delta stimuli), a response, and a 

consequence, may result in simple discriminations being gained and reinforcers becoming 

conditioned. Four-term contingencies, which include a conditional stimulus, discriminative 

stimulus, a response, and a consequence, produce conditional discriminations. Equivalence units, 

then, refer to the relations that develop between all of the stimuli involved in a contingency. If 

two contingencies share a common element, theoretically all elements of the contingencies will 
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become linked, producing untaught relations between stimuli. In other words, equivalence theory 

posits that stimuli become linked to one another simply by participating in contingencies 

together, and this results in the formation of equivalence classes.   

Relational Frame Theory. Relational Frame Theory (RFT; Hayes, Barnes-Holmes, & 

Roche, 2001) provides an alternative explanation of emergent verbal behavior. RFT is a direct 

descendant of stimulus equivalence research but addresses a variety of emergent stimulus 

relations besides equivalence, such as relations of opposition and comparison. According to 

RFT, multiple-exemplar training in the natural environment establishes control by contextual 

cues over arbitrarily applicable relational responding, which is considered to be generalized 

operant behavior. As an example, the verbal stimuli “more than” and “less than” are contextual 

cues that, following experience with multiple exemplars that differ in terms of quantity (e.g., 

learning that five coins is more than two coins and two coins is less than five coins, etc.), come 

to exert control over relational behavior. This relational behavior can then be applied to stimulus 

situations in which the stimuli do not physically differ in terms of quantity.  Thus, if an 

individual with this history is shown three identically sized squares of different colors and told 

that the blue square is “more than” the red square, and the red square is “more than” the yellow 

square, the individual will derive additional relations that have not been directly instructed (e.g., 

blue is more than yellow, yellow is less than red, red is less than blue) and behave accordingly in 

various ways (e.g., prefer blue to yellow after learning that the red square is exchangeable for 

$10, but prefer yellow to blue after learning that the red square is associated with pain; see 

Dougher, Hamilton, Fink, & Harrington, 2007).  

Applied to language, the behavior of deriving relations between words and referents, or 

relations between verbal stimuli, is said to arise in the same manner according to RFT. 
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Experiences with multiple exemplars  lead to words being treated as equal to their referents in 

the presence of various contextual cues, such as “This is . . .”  Subsequently, reinforcement of 

additional relations between words alone can produce novel behavior in regard to the nonverbal 

referents, and vice versa. For example, a child who has learned to name common animals and is 

then taught to state that “cats and dogs and horses are mammals” and “snakes and lizards and 

alligators are reptiles” should be able to sort pictures of these animals into mammals and reptiles 

in the absence of additional instruction. Thus, novel speaker and listener behavior is treated as a 

product of generalized relational behavior, and no mediating behavioral events are considered 

necessary to account for it. The absence of mediation from the account is in concert with 

stimulus equivalence, the primary difference between the two being the notion of an acquired 

relational operant in RFT. In Naming theory, by contrast, mediation by covert behavioral events 

is an essential component of the explanation of emergent speaker and listener behavior.  

Establishing Intraverbal Behavior  

Skinner (1957) noted the importance of the intraverbal repertoire, which is the focus of 

the present study. When a person possesses an intraverbal repertoire, they may be able to learn 

something simply by communicating intraverbally about it, such as when a student asks a 

professor questions following lecture. An intraverbal repertoire can also affect non-verbal 

behavior such as when a person hears good things about the new Avengers ™ movie and goes to 

see it, thereby discovering a new form of reinforcement for themselves. Intraverbal behavior is 

perhaps the most ubiquitous of the verbal operants and can facilitate verbal and non-verbal 

behavior. Many safety, social, and educational outcomes depend on a person’s ability to respond 

intraverbally (e.g., answering social questions, singing songs, having conversations) in addition 

to being able to mand and tact. Thus, intraverbal programming should be emphasized by 
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clinicians who work with children with ASD (Sundberg & Michael, 2001; Partington & Bailey, 

1993). Specific planning and teaching to promote this repertoire is often required because 

teaching a child a large “vocabulary” is not guaranteed to lead to use of vocabulary words under 

intraverbal control. 

Direct intraverbal instruction. One way to establish intraverbal responses is to teach 

them directly through prompting, prompt-fading and reinforcement. For example, Braam and 

Poling (1983) investigated transfer-of-control procedures to teach intraverbal responses to 

individuals with developmental disabilities. In Experiment 1, Linda was taught to classify items 

intraverbally using sign language through a combination of picture prompts and error correction. 

The experimenter signed the instructions and then a category (e.g., FOOD). Linda’s task was to 

sign an item within that class (e.g., APPLE) and when she was unable to do so, a picture prompt 

was delivered. Each time she made a correct response, the picture prompt followed to indicate 

which responses she had already made so that she could make a new response on the next trial. 

This procedure was effective in teaching her to respond intraverbally but also to vary her 

responding. In Experiment 2 the authors manipulated the procedures slightly to include a 

progressive prompt delay in an attempt to errorlessly teach Bill the same repertoire. Results 

showed that this was effective; Bill made no errors and acquired the desired responses. In 

Experiment 3, the authors extended the previous experiments by teaching complex intraverbal 

behavior that required conditional discriminations (those which require behavior to be under the 

control of two distinct stimuli or features of a stimulus). Linda and Hal both successfully learned 

to list items, activities and people found at either home or school (“home things” versus “school 

things,” “home do” versus “school do”, and “home people” versus “school people”) showing that 

the printed word cards and a prompt delay could also be used to teach conditional 
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discriminations. Overall, the results showed that prompting could be used to teach individuals 

with profound disabilities to emit intraverbal responses using sign language.  

Goldsmith, LeBlanc, and Sautter (2007) extended research on teaching intraverbals to 

younger children with ASD. Three boys were first taught to tact pictures of items with verbal 

praise for correct responses. Then the experimenters used those pictures to prompt correct 

responses to the questions. For example, an experimenter asked, “What are some fruits?” and 

then immediately presented a picture of a previously learned fruit. This was followed by praise 

and an edible, and then another picture of a learned fruit. A prompt delay was added in later trials 

to allow the participants the opportunity to respond independently. All three participants 

successfully acquired the intraverbal responses and did so increasingly more quickly across 

subsequently trained categories, suggesting that learning became more efficient after repeated 

exposure to the procedures. Other studies on teaching intraverbals have focused, for example, on 

evaluating the use of different types of prompts (Finkel & Williams, 2002; Ingvarsson & 

Hollobaugh, 2011; Ingvarsson & Le, 2011; Vedora, Meunier, & McKay, 2009) and remediating 

failures to establish complex stimulus control over intraverbal behavior (Ingvarsson, Kramer, 

Carp, Petursdottir, & Macias, 2016; Kisamore, Karsten, & Mann, 2016). While showing that 

various types of intraverbal behavior can be taught successfully for children with ASD, these 

studies have not addressed the emergence of novel intraverbal behavior as a result of instruction 

that involves no direct reinforcement of intraverbal behavior. 

Intraverbal emergence.  A history of other verbal operant instruction may produce 

emergence of an intraverbal repertoire for many individuals. Recall the earlier example about a 

child who learned to mand for and tact milk. Suppose the child spontaneously stated that “milk is 

cold, white, and wet”, without being told to do so. The child’s ability to describe various physical 
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attributes of the milk as a speaker would be an emergent intraverbal repertoire because these 

skills were not explicitly taught.  

Three studies have demonstrated the emergence of intraverbal behavior in children with 

ASD following instruction of tacts or listener behavior; that is, instruction to relate visual stimuli 

to multiple verbal stimuli or verbal responses. May, Hawkins, and Dymond (2013) taught three 

adolescent males with ASD to tact novel cartoon monsters (e.g., Simon) and their preferred 

foods (e.g., chips). The experimenters taught participant to tact two relations (a) “What is the 

name of this monster?” while showing a picture of a monster (Simon), (b) “What food does this 

monster eat?” while showing a picture of a monster (Simon).When tested for two untrained 

intraverbal relations, (c) “What food does Simon eat?” and (d) “Which monster eats chips?” all 

participants responded with near 100% accuracy.  

Grannan and Rehfeldt (2012) explored the effects of category tact instruction along with 

match-to-sample (MTS) instruction on the emergence of intraverbals. In a concurrent multiple 

baseline design across participants, the experimenters found that two five-year-old boys with 

ASD were able to emit novel intraverbal responses (e.g., saying “ear, arm, leg, stomach” when 

asked “What are four body parts?”) following instruction on tacting categories (e.g., saying 

“body part” when shown a picture of an ear and asked “What is an ear?”) of pictures of items as 

well as matching items based on their categories (e.g., placing a picture of an arm with a picture 

of an ear rather than a slinky). Both boys responded correctly during posttest probes by listing all 

members of a category, and no incorrect categories were named.   

Finally, Smith et al. (2016) demonstrated intraverbal emergence following listener 

training in children with ASD. Five children with ASD were taught to respond as listeners to 

questions such as “What do you eat that is red?” Following mastery of the listener instruction, 
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four out of five participants demonstrated emergence of the targeted intraverbal responses (e.g., 

responding “tomato” to the above question).  

These studies show that at least some children with ASD may acquire novel intraverbal 

behavior in the absence of direct instruction. Given these findings, one may reasonably ask about 

the relative benefits of teaching intraverbals directly, versus programming for emergent 

intraverbals through tact or listener training. One potential limitation of teaching intraverbal 

responses directly is that it can result in rote responses. Rote intraverbal responses are those that 

are not functionally related to nonverbal occurrences in the environment (objects, events, 

sensations, etc.). In other words, they are controlled strictly by the verbal stimuli that precede 

them and imply that comprehension may be lacking. For example, a child may not benefit from 

being able to answer the question “What do you drink with?” by saying “cup” if this behavior is 

not accompanied by pointing to a cup when asked the same question. It should not be assumed 

however, that directly trained intraverbal responses must be rote. If a child already knows the 

“meaning” of a particular element of an intraverbal relation (e.g., the child can point to the cup 

when asked to) then there’s no reason a teacher could not establish the “meaning” of other 

elements through direct intraverbal instruction. For example, Ingvarsson, Cammilleri, and 

Macias (2012) examined the emergence of listener responses following intraverbal instruction 

about state birds in children with ASD. Before the intraverbal instruction, the participants could 

label all of the bird stimuli. Intraverbal training involved a transfer-of-control procedure with 

picture and vocal prompts to teach participants to respond to questions such as “What is the state 

bird of (state name)?” Following training, participants showed emergence of listener responses 

because they could point to pictures of the correct bird upon hearing the state name.  



20 

 

In summary, establishing new tact and listener relations can yield intraverbal responding, 

and establishing new intraverbal relations can yield listener responding (and possibly tact 

relations as shown with typically developing children, e.g., Petursdottir & Haflidadottir, 2009). 

However, studies with typically developing children suggest these outcomes are less than 

perfectly reliable (e.g., Devine, Hiett, Carp, & Petursdottir, 2016; Petursdottir & Haflidadottir, 

2009; Petursdottir, Olafsdottir, & Aradottir, 2008). An additional consideration is that teaching 

effort may vary depending on which type of relation is directly instructed (e.g., Petursdottir & 

Haflidadottir, 2009).  

Existing Recommendations for Establishing Intraverbal Behavior. EIBI curricula 

(e.g., Leaf & McEachin, 1999; Sundberg & Partington, 1998) typically assume that intraverbal 

behavior must be prompted and reinforced directly for most learners. The curricula typically list 

several prerequisites for beginning intraverbal instruction. For example, Sundberg and Partington 

(1998) recommend that children should have a mand, echoic, listener, and tact repertoire in place 

before embarking upon intraverbal instruction. It is advisable that a child be able to respond as a 

listener to the word “dog” and to be able to tact it upon seeing a dog, before being taught to 

respond “dog” to such questions as “What animals says ruff ruff?” 

Additionally intraverbals requiring conditional discriminations are developmentally more 

challenging than standard fill-in-the-blank type stimuli (“ready, set, __”) and thus, additional 

skills (echoic, listener, and tact) may aid in these discriminations (Axe, 2008; Sundberg, 2007). 

One way of doing this is to teach children to point to relevant objects when presented with 

questions such as “What do you sweep with?” or “What do you drink from?” and then to remove 

the items when this skill is mastered so as to transfer the response to the verbal stimulus in 

isolation. This approach assumes that listener instruction will not necessarily produce intraverbal 
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responding to criterion, but that it will facilitate later intraverbal instruction and perhaps reduce 

the likelihood of rote responding. In line with this notion, EIBI curricula (Sundberg & 

Partington, 1998; Taylor & McDonough, 1996) typically recommend that intraverbal instruction 

commence only after mastery of related listener behavior (e.g., pointing to a cup in response to 

“What do you drink with?” before learning to answer the question “What do you drink with?” in 

the absence of a cup.) 

Eikeseth and Smith (2013) similarly recommend completing listener instruction before 

initiating intraverbal instruction, as a way of facilitating establishment of intraverbal stimulus 

control. They suggest that many children who struggle to learn an intraverbal repertoire may do 

so because the antecedent stimulus control can be highly complex. In order to treat faulty 

stimulus control that may arise, they recommend that listener behavior specific to the form of the 

intraverbal be taught prior to targeting the speaker skill. For example, rather than teaching a child 

using prompting to answer questions such as “What do you eat that is red?” and “What do you 

eat that is blue?” they advise teaching a child to respond as a listener to the very same questions 

by selecting the correct foods from an array of choices. Important prerequisite skills in order for 

this to be effective would be an echoic repertoire, a simple intraverbal repertoire (such as the 

ability to complete fill-in-the-blank style questions), and a tacting repertoire (so as to label the 

food items when presented). In a typical EIBI curriculum, these three skills would likely be 

targeted prior to intraverbal instruction, so this suggestion could be meaningful in applied 

settings.  

In summary, EIBI curricula and others (Eikeseth & Smith, 2013) recommend teaching 

listener behavior as a prerequisite to intraverbal behavior, on the assumption that doing so 

facilitates subsequent intraverbal instruction and reduces risk of rote responding. As an example, 
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they would recommend teaching a child to respond to, “What do you drink from?” by pointing to 

a picture of a cup before teaching the child to respond to the same question intraverbally by 

saying “cup.” However, this recommendation is not empirically based. Again, such listener 

instruction in and by itself may generate some intraverbal behavior (Smith et al., 2016). In 

addition, May et al. (2013) showed that tact instruction can also yield intraverbal responding 

(e.g., teaching a child to say “drink” when shown a cup and asked “What do you do with this?” 

might lead a child to answer “drink” to “What do you do with a cup?” or “cup” to “What do you 

drink from?”). Finally, the study by Ingvarsson et al. (2012) suggests that establishment of the 

“prerequisite” listener relations may not actually be necessary for direct intraverbal instruction to 

result in meaningful intraverbal responding. In other words, intraverbal instruction may actually 

produce some listener relations. Thus, it is not clear which strategy yields the greatest amount of 

benefit with the least amount of effort: (a) teaching listener behavior first, followed by 

intraverbal instruction if necessary, as per recommendations made in the literature (Eikeseth & 

Smith, 2013; Sundberg & Partington, 1998), (b) teaching tacts first, followed by intraverbal 

instruction if necessary, or (c) teaching intraverbal relations directly without tact or listener 

instruction as a preliminary step. These questions were addressed in the current experiments. 

Relative Efficiency of Instructional Strategies 

Empirical research. No studies with children diagnosed with ASD have compared the 

relative effects of tact and listener training on intraverbal responding, nor have any studies with 

this population assessed whether inclusion of tact or listener instruction as a preliminary step 

facilitates the establishment of intraverbal responding. However, two studies with typically 

developing children have produced some potentially relevant evidence.  
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First, Miguel, Petursdottir, and Carr (2005) evaluated the effects of tact training and 

listener training on the emergence of thematically related intraverbal responses. During tact 

training, participants were first taught to vocally label (tact) each of several items belonging to 

two different categories (e.g., several tools and several musical instruments) and then taught to 

tact the items with their category labels in addition to their individual labels (e.g., responding to a 

picture of a violin by saying, “It is a violin and it is a musical instrument”). In listener training, 

participants were taught to point to pictures of the category exemplars given both their individual 

names and category names (e.g., “point to the piano” and “point to the musical instrument”). In 

subsequent intraverbal probes, participants were asked to list as many exemplars of each 

category as they could (e.g., “What are some musical instruments? Tell me as many as you 

can”). In general, tact training produced more intraverbal responding than listener training, 

however, no participants were able to list more than a few exemplars in the absence of direct 

intraverbal instruction. A limitation with respect to applicability to EIBI instruction is that the 

target behavior of listing multiple responses is not representative of intraverbal curriculum 

objectives.  

Petursdottir and Haflidadottir (2009) compared the effects of listener instruction, tact 

instruction, and intraverbal instruction on (a) instructional trials to criterion, and (b) emergence 

of untrained relations in the context of teaching a small foreign language vocabulary to two 

typically developing five-year-old girls whose native language was Icelandic. During listener 

training, the experimenter placed three cards on the table in front of the participant and instructed 

her to “Point to [foreign word]”. During tact training, the experimenter held up a single card and 

asked “What is this in Italian?” In the native-foreign and foreign-native intraverbal training, no 

visual stimuli were presented. The experimenter simply asked “What is [Icelandic word] in 
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Italian?” and “What does [foreign word] mean?” respectively. Overall, each type of training 

produced increases in correct responding during tests for emergent relations. Of relevance to the 

present study, tact instruction produced native-foreign intraverbals to criterion for one 

participant, whereas listener instruction did not produce any intraverbal behavior to criterion. In 

addition, tact and intraverbal instruction were more likely to produce listener behavior than 

listener instruction to produce tact and intraverbals. However, the study included only two 

participants (one of whom was unable to complete native-foreign intraverbal instruction) and did 

not address the amount of direct intraverbal instruction that would have been needed to establish 

intraverbal question-answering when it did not emerge to criterion as a result of tact or 

intraverbal instruction.  

Although no other studies have compared the effects of tact and listener instruction on 

intraverbal responding, some evidence suggests that in general, tact instruction may produce 

more emergent relations than listener responding. First, tact instruction is more likely to yield 

listener relations than vice versa. Petursdottir and Carr (2011) reviewed the literature on the 

relative efficiency of tact and listener instruction and found that despite a common 

recommendation in the EIBI literature to begin with receptive instruction and teach until mastery 

before introducing the corresponding expressive programs, overall, the reverse sequence seemed 

more efficient in the sense of being more likely to yield both tact and listener relations. This 

conclusion has been confirmed in more recent studies with children diagnosed with ASD (Bao, 

Sweatt, Lechago, & Antal, 2017; Delfs et al., 2014). 

Other studies have shown that tact instruction may be more likely than listener instruction 

to yield other types of emergent relations. In a series of four experiments, researchers taught 

young typically developing children to tact six stimuli as either “zog” or “vek” (the category 
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label to which each stimulus belongs). Successful tact instruction produced arbitrary stimulus 

classes as evidenced by passing performance on a sorting by category test (Lowe, Horne, Harris, 

and Randle, 2002; Horne, Hughes, and Lowe, 2006; Horne, Lowe, and Randle, 2004; Lowe, 

Horne, and Hughes, 2005). Collectively across experiments, participants passed the sorting test 

only if the initial tact or listener instruction yielded both tact and listener relations (i.e., name 

relations were observed according to Naming theory). Across experiments, this was more likely 

to happen following tact than listener instruction; in other words, tact instruction was more likely 

than listener instruction to yield naming relations, and also more likely to yield sorting.  

In summary, firm conclusions cannot be drawn from the limited amount of data that exist 

on the relative effects of tact and listener instruction on intraverbal responding. In general, 

however, tact instruction may generate more untaught behavior than listener instruction, 

suggesting the possibility that contrary to recommendations (e.g., Eikeseth & Smith, 2013; 

Sundberg & Partington, 1998); it may be more productive to start with tact than listener 

instruction. Further, it is unknown if starting with tact or listener instruction is more efficient 

than simply initiating intraverbal instruction without tact or listener instruction as a preliminary 

step (Ingvarsson et al., 2012), as this has not been evaluated. 

Theoretical predictions. Considering the three major theories of emergent verbal 

behavior and stimulus relations – Naming theory, stimulus equivalence, and RFT – none of them 

make explicit predictions regarding the relative effects of tact and listener instruction on the 

emergence of intraverbal relations, nor do they predict particular benefits of using tact or listener 

instruction as a preliminary step before intraverbal instruction commences. Some predictions, 

however, can be derived from Naming theory about the independent effects of tact, listener, and 

intraverbal instruction on the emergence of uninstructed tacts, listener behavior, and intraverbals. 
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First, from the perspective of Naming theory, both tact and listener instruction should be 

capable of producing novel intraverbal relations if and only if the instruction also produces name 

relations (i.e., tact instruction produces a new listener relation or vice versa). As originally 

outlined by Horne and Lowe (1996), Naming theory does not state that one form of instruction 

should be more likely to produce name relations than the other. Yet, as previously mentioned, 

tact instruction empirically appears to produce name relations (as assessed by emergence of 

listener behavior) more reliably than listener instruction does (Horne et al., 2004, 2006; Lowe et 

al., 2002, 2005; Petursdottir & Carr, 2011). According to Horne et al. (2004), this effect may 

actually be consistent with Naming theory, because the theory posits that the emergence of 

naming as a result of listener instruction requires the learner to make echoic responses to verbal 

stimuli prior to the reinforcement of a listener response, whereas its emergence as a result of tact 

instruction requires only looking at a stimulus, a response that requires less extra effort, and 

might therefore be more probable.  If so, Naming theory can be said to predict that tact 

instruction will generate more intraverbal responding than listener instruction, consistent with the 

limited amount of existing empirical data (Miguel et al., 2005; Petursdottir & Haflidadottir, 

2009). Again, such an effect would run counter to recommendations to focus on listener 

responding as a preliminary step toward establishing intraverbals (Eikeseth & Smith, 2013; 

Sundberg & Partington, 1998). 

Second, Naming theory suggests that direct intraverbal instruction should result in both 

new tact and listener relations if two conditions are met. The first is that name relations already 

exist with respect to either an element of the question or the response to the question. That is, 

teaching a child to answer the question “What do you drink with?” by saying “cup” will produce 

tact and listener relations involving the word “drink” and the visual stimulus of a cup only if the 
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child can already tact and respond as a listener to the word “cup.”, The second condition is that 

intraverbal instruction produces bidirectional intraverbal relations, such that a child who has 

learned to answer “What do you drink with?” can also answer the question “What do you do 

with a cup?”. If the first condition is not met, no new tact or listener relations should emerge, and 

if the second requirement is not met, only a subset of intraverbal relations should emerge. If both 

conditions are met, Naming theory predicts no particular disadvantage of initiating intraverbal 

instruction (i.e., teaching the child to answer “cup” to “What do you drink with?”) in the absence 

of related listener or tact instruction (i.e.., teaching the child to point to a cup when asked “What 

do you drink with?” or to say “drink” when shown a cup and asked “What do you do with 

this?”). As previously mentioned, however, bidirectional intraverbal relations have often failed to 

emerge in children when only unidirectional relations are directly taught (e.g., Petursdottir et al., 

2015). Given that empirical finding, direct intraverbal instruction might be predicted to be less 

productive than tact or listener instruction in terms of generating relations that have not been 

reinforced directly.  

Stimulus equivalence theory and RFT, as non-mediational theories, do not predict 

systematic differences in the relative effects of tact, listener, and intraverbal responding on 

emergent relations. From the perspective of stimulus equivalence, the contingencies involved in 

each of the three types of instruction should be equally likely to produce all possible emergent 

relations. From the perspective of RFT, emergence of untaught relations can be accounted for by 

a history of multiple-exemplar instruction (MEI) that results in many words being related in 

frames based on a variety of categories (adjectives, nouns verbs, shapes, colors, etc.), which may 

later be subject to re-organization or transfer to develop new intraverbal responses. When natural 
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environmental learning histories are unknown, individual differences might be expected with 

respect to the relative efficiency of instructional conditions. .  

In addition to assuming that listener instruction is capable of yielding tact and intraverbal 

relations, tact instruction may yield listener and intraverbal relations, and intraverbal instruction 

may yield tact and listener relations, all three theories assume that all three types of instructions 

can produce novel relations between visual stimuli. For example, learning to state intraverbally 

that cats and whales are mammals but turtles and snakes are reptiles, should result in equivalence 

relations between corresponding visual stimuli that the child could previously identify as cat, 

cow, etc. In other words, the child should be able to sort animal pictures into mammal and reptile 

categories, or match pictures of different mammals and reptiles with one another. No theory 

explicitly predicts that one type of instruction should be more likely to produce this outcome 

than another. As previously noted, however, a number of studies have found that this outcome is 

more likely as a result of tact than listener training (Horne et al., 2004; 2006; Lowe et al., 2002; 

2005)., which from the perspective of Naming theory may be related to the greater probability of 

observing name relations following tact than listener instruction.  In addition, although this 

assumption contradicts empirical research (Petursdottir et al., 2015), Naming theory assumes that 

bidirectional intraverbal relations are necessary for this outcome to be observed following 

intraverbal training. 

In conclusion, Naming theory, but not stimulus equivalence theory or RFT, makes 

predictions regarding the conditions under which a particular type of instruction will produce 

other emergent relations. Combined with empirical data on when these pre-conditions are present 

(i.e., tact instruction produces name relations more effectively than listener instruction, and 

intraverbal instruction often fails to produce bidirectional intraverbals), a prediction that can 
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potentially be derived from Naming theory is that tact instruction may yield more emergent 

relations than both listener and intraverbal instruction. These possible predictions of Naming 

theory, however, do not address the relative effort required to complete tact vs. listener vs. 

intraverbal instruction.  

The Present Experiments 

This sequence of two experiments addressed the relative efficiency of different types of 

instruction for establishing intraverbal responding. The first experiment evaluated the effects of 

replacing listener training with tact training in the commonly recommended sequence (i.e., 

listener instruction followed by direct intraverbal instruction) for establishing bidirectional 

intraverbal relations. In this experiment, participants first received tact instruction with one set of 

stimuli and listener instruction with another set of stimuli that they had previously learned to 

name. Direct bidirectional intraverbal instruction was provided if tact or listener instruction alone 

did not result in mastery level performance in intraverbal probes.  

The primary dependent measures were the emergence of intraverbal relations following 

preliminary (tact or listener) instruction and the total number of instructional trials (including 

direct intraverbal instruction if necessary) required to establish mastery-level intraverbal 

performance. Other measures included the emergence of listener relations following tact 

instruction and vice versa, and the emergence of equivalence relations between visual stimuli. 

Based on previous findings regarding the relative efficiency of tact and listener instruction in 

general, it was predicted that tact instruction would yield more emergent relations and lead to 

more rapid acquisition of intraverbal responding than listener instruction.  In a second 

experiment, then, the more efficient procedure from Experiment 1 was compared with 
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unidirectional intraverbal instruction in the absence of tact or listener instruction as a preliminary 

step.  

General Method 

 Typically developing children between the ages of five and nine years old were recruited 

to participate in both experiments, however three boys just under the age of five years old began 

their participation but were unable to complete the pre-experimental training required to advance 

to Experiment 1 or 2. Recruitment occurred via flyers that were delivered to local after-school 

care programs and personal acquaintance to the experimenter. All sessions were conducted in a 

quiet room in the participants’ after-school program, home, or in the experimental analysis of 

human behavior lab at Texas Christian University. Each visit with a participant was 

approximately 30-45 min and occurred between two and seven days per week depending on their 

availability. During a visit, the experimenter conducted as many sessions as possible (between 

two and fifteen, mean of 6.32). Each session consisted of 6, 12, or 18 trials depending on session 

type; thus the length of each session varied substantially resulting in a different number of 

sessions being conducted per visit.  

Materials 

The experimenter always brought a laptop, wireless mouse and mouse pad, a video 

camera and tripod, paper data sheets and clipboard, and a tote full of small trinkets such as water 

balloons and sidewalk chalk to serve as prizes for daily participation.  

 Stimuli. Sessions that required presentation of both auditory and visual stimuli (category 

tact and category listener instruction) were conducted with an HP EliteBook 840 laptop with a 

30.48-cm screen and MS PowerPoint. Each set of stimuli consisted of six images (187 pixels 

wide x 140 pixels high); the state bird and state flower of three U.S. states. These images were 
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retrieved from Shutterstock (https://www.shutterstock.com/) and Google images 

(https://images.google.com/?gws_rd=ssl). Table 1 lists the stimuli in each set and Figure 1 shows 

the visual stimuli. The experimenter recorded herself giving vocal instructions for each session 

and trial type; these recordings were embedded into the PowerPoint presentations. One stimulus 

set was assigned to each instructional condition and this was counterbalanced across participants.  

Table 1
2
 

Stimulus Sets 

  Set State State Flower State Bird 

1 Colorado Columbine Bunting 

 

California Poppy Valley quail 

 

Montana Bitterroot Meadowlark 

    
2 South Dakota Pasque Pheasant 

 

Massachusetts Mayflower Chickadee 

  Vermont Clover Hermit thrush 

    

3
3
 Hawaii Hibiscus Nene 

 Alabama Camellia Flicker 

 New Jersey Sororia Finch 

  

                                                           
2
 The proper names of these stimuli differ slightly from those listed; colloquial names were used throughout both 

experiments for simplicity. For example, the “Chickadee” is actually named the “Black-capped Chickadee”.  
3
 Stimulus set 3 was only taught to Keller in Experiment 2. 

https://www.shutterstock.com/
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Figure 1. Visual stimuli in stimulus sets 1, 2, and 3.  



33 

 

Response measurement and interobserver agreement.  

The primary dependent variable of both experiments was the percent of correct responses 

on the intraverbal probes following instruction. A secondary dependent variable of interest was 

the total number of instructional trials required to master the instructional task in each condition 

and pass the intraverbal probe that followed.  Additional dependent variables of interest included 

correct responding during other probe types (category listener, category tact, and equivalence).   

Trained graduate and undergraduate research assistants collected data on all measures on 

a trial-by-trial basis using paper and pencil. The experimenter served as the primary data 

collector and a research assistant, when available, served as the secondary independent observer. 

Data collectors marked responses as correct and incorrect and noted the content of incorrect 

responses during instruction and probes.  

A second independent observer collected data during at least 30% of all sessions for each 

participant to assess interobserver agreement (IOA). The secondary data were recorded either 

live during the sessions, or subsequently from video. If both observers scored the participant’s 

responses identically as correct or incorrect on a trial, this was considered an agreement.  To 

calculate interobserver agreement the number of agreements was divided by the sum of 

agreements and disagreements, and multiplied by 100 to convert the product to a percentage.  

IOA was calculated for 32% of sessions for Frances, 39% of sessions for Sigrid, 70% of 

sessions for Nathan, and 53% of sessions for Ogden. Mean agreement was 100% for correct and 

incorrect responses on all trials across instruction and probe sessions for all participants.   
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Prerequisite Assessments  

Two types of prerequisite assessments were performed to determine each child’s 

eligibility to participate in either experiment; no children were dismissed from participation due 

to failing these assessments.  

Echoic assessment. The echoic assessment tested whether participants could pronounce 

or closely approximate the names of the stimuli. While sitting across from the participant, the 

experimenter said “Say (blank)” and waited for the participant to respond. A correct response 

was scored if the participant repeated the word exactly or provided a close acceptable 

approximation (e.g., “bownting” for “bunting”). An approximation was considered acceptable if 

both the experimenter and a second observer agreed upon it. If the participant echoed the word 

correctly on the first trial, the experimenter delivered praise (e.g., “that’s right!”) or a high-five 

and moved onto the next word. If the participant did not echo the word correctly, they were 

given up to two additional opportunities. A passing score required the participant to echo each 

word correctly on the first trial, or, two out of three trials.   

Precategory listener probe. This assessment tested whether participants could select 

birds and flowers when instructed to. Each trial slide displayed one bird and one flower (see 

Figure 2) and told participants to “Click on the bird/flower”.  No feedback was provided. Twelve 

trials were delivered, each stimulus served as the correct answer once and the position of the 

correct stimulus was randomly rotated between left and right. Passing criterion was 12/12 

correct.  
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Figure 2. Example of a trial slide from precategory listener probe assessment. 

 

General Procedures 

Overview and design. Participants first learned to tact (label) all of the birds and flowers 

in each of the two stimulus sets they were assigned. Once they could reliably tact the visual 

stimuli, a non-concurrent multiple baseline design across participants (Watson & Workman, 

1981) was used to evaluate the effects of the intervention on intraverbal probe performance. 

Intervention consisted of category listener (CL) instruction and category tact (CT) instruction in 

Experiment 1, and CT and direct intraverbal (DI) instruction in Experiment 2. An adapted 

alternating-treatments design (Sindelar, Rosenberg, & Wilson, 1985) was used to compare 

acquisition in the two different instructional conditions. Finally, pre- and posttests were used to 

assess the impact of those two instructional conditions on the emergence of additional untaught 

but related verbal behaviors (category tact, category listener and equivalence relations).  
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Feedback during instruction. All instructional sessions consisted of 12 trials and 

included feedback; however the specific form of feedback varied across session type. Item tact 

(ITI), category listener (CL) and category tact (CT) instruction were conducted via PowerPoint 

and direct intraverbal (DI)/mixed intraverbal (MI) instruction was provided without a computer. 

For instruction which required the laptop, two types of feedback were delivered: rewards for 

correct responses and error correction following incorrect responses. Reward feedback consisted 

of the presentation of a short cartoon clip (e.g., the little mermaid swimming backflips with a 

sound effect saying “YEE-HAW!”) and was unique to each trial. Error correction began with a 

completely black screen (time-out) and then a re-presentation of the stimuli with a prompt. The 

type of prompt (picture or echoic) was dependent on the topography of the response required for 

that session. For example, during item tact instruction, participants were required to say the name 

of the item shown (e.g., “bunting” or “mayflower”), so a black-out screen was presented 

followed by re-presentation of the item again; this time with an audio recording that stated its 

name (e.g., “bunting”). Prompted correct and incorrect responses were followed (just like 

independent responses) with either the animated cartoon or the error-correction procedure. As a 

result, if a participant responded incorrectly the first time they saw a bunting, and then did not 

correctly echo the prompt by saying “bunting”, they would be prompted in the same manner until 

they said “bunting”.  

Some sessions required participants to click on a stimulus out of an array after an 

auditory cue. Following an incorrect response the black-out screen was presented, and then the 

trial slide was displayed again, this time with a picture prompt. The picture prompt was a 

duplicate (identical) image of the correct comparison stimulus that was displayed above the 

original array of stimuli shown (see Figure 3). Participants could listen to the auditory stimulus, 
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observe the picture prompt and then engage in an identity matching response. Just as with 

instruction that required vocal responding, correct prompted responses were followed by the 

reward slides and incorrect prompted responses were followed by the feedback slides until a 

correct prompted response occurred.  

       

Figure 3. Example of an error correction slide for CL and item listener instruction.  

 

During DI instruction, the experimenter provided praise and attention (e.g., “You got it!” 

plus fist bumps) following correct responses. Following incorrect responses, the experimenter 

stated the correct response (e.g., “bunting) and then immediately stated the question again to 

allow the participant an opportunity to emit the response. Just as in all sessions, error correction 

was provided until the participant responded correctly. 

Probes. Probes were administered prior to any instruction (as a baseline), and following 

completion of each type of instruction (postprobes). Intraverbal probes were conducted between 
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one and five times during baseline and this was staggered across participants. Category tact, 

category listener, and equivalence probes were all conducted one time each during baseline. All 

probes were repeated following instruction to mastery. In Experiment 1 only, if participants 

failed the intraverbal probe at post-test, the intraverbal probe was repeated again following 

additional instruction, along with any other probe types that were failed the previously. Once a 

probe type was passed in a given condition, it was not repeated. No differential feedback on 

correct and incorrect responses was provided in probe trials. 

Pre-experimental Instruction 

Pre-experiment item tact instruction (ITI). The purpose of this instruction was to teach 

participants to vocally label all of the visual stimuli. The recorded instructions stated, “You are 

going to see some pictures. Try your best to name each one. When you are ready to start, click on 

the blue square.”  Once participants clicked on the blue square to begin the session, trial slides 

were presented and contained a single stimulus in the center of the screen and invisible squares 

in the bottom left and right hand corner that were hyperlinked to the error correction and reward 

slides, respectively (see Figure 4). The correct response in the particular trial shown in the figure 

was “bunting.” The experimenter clicked on the left corner following incorrect responses or the 

right corner following correct responses to advance to the appropriate consequence. Each ITI 

session consisted of 12 trials, two per each stimulus in a set. Mastery criterion was three 

consecutive sessions with at least 10 out of 12 trials correct, with the caveat that the same 

stimulus could not be missed twice during any of those sessions, and could not be the first trial 

missed during two or more of those sessions in a row. The stimulus sets were targeted 

consecutively in the manner described above. 
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    Figure 4. Trial slide from item tact instruction (ITI) depicting a bunting trial. 

 

When the mastery criterion was met, maintenance probes occurred following every four 

to eight sessions (regardless of type) in order to increase the probability that the tacts were 

maintained, because they were a necessary prerequisite for the other types of instruction and 

probes that followed. Maintenance probes were similar to instruction, but only six trials (one per 

stimulus) were presented and no feedback was provided. The instructions stated, “You are going 

to see some pictures. Try your best to name each one. You will not find out if you said the right 

name, so try your very best.” If the participant performed perfectly on the maintenance probe 

(6/6 trials correct), the instruction in the experimental conditions was resumed as described 

below. If the participant missed any maintenance probe trials, booster ITI sessions were provided 

(identical to initial ITI) until the participant responded correctly to at least 10 of 12 correct trials 

in one session (again, the same stimulus could not be mislabeled twice during that session). 
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When booster ITI was implemented, all other session types in that condition were paused until 

the participant met the abbreviated mastery criterion. 

Pre-experiment item listener probe. Following mastery of ITI a listener probe was 

performed to determine if ITI produced emergence of related listener behavior, which was also a 

necessary prerequisite for later instruction and probes. The instructions stated “Now your job is 

to find some pictures. Use your mouse to click on the picture that matches what you hear. This 

time, you will not find out if you picked the right answer, so try your best. Click on the blue 

square when you are ready to start.” Each trial slide (see Figure 5) played the instruction, “Click 

on the [bird name/flower name]” and contained three birds or flowers in a row across the bottom 

screen. The position of the stimuli was counterbalanced across trials, as was the location of the 

correct stimulus. A correct response involved clicking on the correct stimulus, and just as with 

all probes, no feedback was provided. Passing criterion was identical to the abbreviated criterion 

described above. If mastery was met during the item listener probe for both stimulus sets, 

participants advanced to Experiment 1 or Experiment 2. If one or more participants had not 

passed the probe, item listener instruction would have proceeded. All participants passed all of 

these probes so item listener instruction was never implemented. 
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     Figure 5. Trial slide from item listener probe and item listener instruction. 

 

Experiment 1 

The purpose of this experiment was to evaluate the efficiency of category listener (CL) 

and category tact (CT) instruction at establishing intraverbal responding. Participants were given 

CT instruction with one set of stimuli and CL instruction with the other set of stimuli. Direct 

intraverbal (DI) instruction was then provided only when either of these two conditions alone did 

not produce criterion level performance in intraverbal probes. Other measures included the 

emergence of related but untaught relations such as category listener responses following CT 

instruction, category tact responses following CL instruction, and equivalence relations between 

visual stimuli following both types of instruction. Figure 6 shows the order in which all probe 

and instructional sessions were conducted.  
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Figure 6. Sequence of events in Experiment 1. Items that are asterisked (*) only occurred as 

needed for each individual participant.  
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Following the prerequisite assessments participants learned to name all of the 

experimental stimuli via item tact instruction (ITI). Once participants completed ITI, they 

completed one or more baseline intraverbal probes (as per the requirements of the multiple 

baseline design), a category tact probe, a category listener probe, and an equivalence probe. After 

baseline, CT and CL instruction were implemented to teach participants relations between 

images of birds and flowers and their respective dictated state names. As soon as participants 

mastered instruction in either condition, the taught relations were probed without feedback. 

Failure to respond at mastery level would have resulted in additional CT or CL instruction but 

this never occurred. Next, the remaining probes were administered. If participants failed the 

intraverbal postprobe in either condition, direct intraverbal (DI) instruction was provided. If 

participants still failed the intraverbal postprobe following DI instruction, mixed intraverbal (MI) 

instruction was provided.  

Participants 

Four typically developing children (those with no known developmental disability as 

reported by parents) between the ages of 5 and 9 years old participated in Experiment 1. 

Participants were recruited via flyers handed out to local elementary schools and after-school 

care programs, and via personal acquaintance. Participation was completely voluntary and could 

be revoked at any time during the Experiment. No compensation was provided for participation; 

however, participants could earn small prizes for completing each visit with the experimenter.  

Sigrid was a 9-year, 9-month old, fourth-grade girl who was reported to have been 

diagnosed with dyslexia but had not been diagnosed with other neurodevelopmental disorders. 

Frances was a 7-year, 2-month old, first-grade girl. Nathan was a 5-year, 9-month old 

kindergarten boy and Ogden was an 8-year, 3-month old, third-grade boy.  
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Materials. Table 2 shows the assignment of each stimulus set to condition for all 

participants in Experiment 1.  

Table 2 

Stimulus Set Assignment 

Participant Condition Stimulus Set 

Sigrid 
CL 1 

CT 2 

   
Frances 

CL 2 

CT 1 

   
Nathan 

CL 1 

CT 2 

   
Ogden 

CL 2 

CT 1 

 

Procedure 

Category listener (CL) instruction. This condition was designed to teach participants to 

categorize the stimuli as listeners. Figure 7 shows the trial slides used during CL instruction. 

Participants were required to click on a visual stimulus in response to hearing a dictated state 

name.  Embedded audio instructions stated, “Now your job is to find some pictures. This time, 

you will be asked to find the bird or the flower that goes with the state name. Use your mouse to 

click on the picture that goes with the state. When you are ready to start, click on the blue 

square.” During each trial, the instructions stated, “Click on the state flower of {state name}” or 

“Click on the state bird of {state name}.” A correct response consisted of clicking on the 

stimulus associated with the state name within 8 s. Any clicks to a different stimulus were 

considered incorrect, and clicks outside of any of the stimuli were ignored. Each session 

consisted of two trials per visual stimulus, resulting in 12 total trials. Mastery criterion was set at 

three consecutive sessions with 10/12 correct responses in which the allotted two errors during 
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any session (if they occurred) could not be on the same trial type. The count toward consecutive 

sessions was reset if a performance did not meet these criteria.  

       

Figure 7. Example of a trial slide for CL instruction. The megaphone and call out bubble are not 

visible during instruction.  

 

Category tact (CT) instruction. This condition was designed to be the expressive 

equivalent to CL instruction but was assigned to a different stimulus set. Specifically, the point 

of this instruction was to teach participants to expressively categorize by saying the state to 

which the stimulus on the screen belonged. Trials closely resembled item tact instruction and 

used the same trial slides; however, participants performed a fill-in-the-blank task rather than 

stating the name of the item (see Figure 8). Participants were instructed, “You are going to see 

some pictures. My voice will say, “This is the state flower of [pause]” or “This is the state bird of 

[pause]”. I want you to say the name of the state that the picture goes with. For example, this is 
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the state bird of [pause; different voice says “Texas”].” A correct response was defined as saying 

the state name that corresponded to the single visual stimulus presented on the screen. If 

participants did not respond within 8 s or said the wrong state name it was considered an 

incorrect response. The number of trials per session and mastery criterion was identical CL 

instruction.    

      

Figure 8. Example of a trial slide from CT instruction. The megaphone and call-out bubble were 

not visible to the participant but are shown here for clarity.  

 

Probes. Four distinct probe types occurred both (a) during baseline, and (b) as post-

instruction probes. No differential feedback was provided to participants for correct and incorrect 

responses during probes. During baseline, category tact, category listener, and equivalence 

probes were administered one time each. A varying number of intraverbal probes were 
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conducted across participants. Participants had to score 10/12 correct during a probe to pass, or 

16/18 correct on the equivalence probe which had more trials than the other probe types.  

 Category listener probe. These probes were conducted exactly like CL instruction except 

that no feedback was provided.  

 Category tact probe. CT probes were identical to CT instruction except that no feedback 

was provided.  

Intraverbal probe. This probe type served as the primary dependent variable. A passing 

performance on this probe was considered evidence of the emergence of a new skill if it occurred 

following CL or CT instruction. In contrast to the CL and CT probes described above, these 

probes did not involve visual stimuli. The participants were given the following instructions: 

“I’m going to ask you some questions about the birds and flowers you have been learning about. 

I will start the sentence and I want you to fill in the last word. I cannot tell you if your answer is 

right or wrong but I want you to try your very best.” The experimenter and participant sat side-

by-side facing the video camera to avoid inadvertent cuing from experimenter to participant. The 

experimenter said, “Okay” in a neutral tone after each response to let the participant know she 

had documented their response.  

Intraverbal probe questions were randomly rotated and were classified as two different 

types; category intraverbals in which the item name was provided and participants were asked to 

say the category and item intraverbal trials in which the category and subcategory (bird or 

flower) were provided and participants were asked to say the item name. Twelve trials were 

presented (one item intraverbal and one category intraverbal trial per bird/flower for a total of 

four questions per state). Table 3 lists the trials, trial type, and answers for the stimulus set 1 

intraverbal probe.   
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Table 3
4
 

Intraverbal Probe: stimulus set 1 

Question Answer 

The state bird of Colorado is the? Bunting 

The Bunting is the state bird of? Colorado 

The state flower of Colorado is the? Columbine 

The Columbine is the state flower of? Colorado 

  

The state bird of California is the? Valley Quail 

The Valley Quail is the state bird of? California 

The state flower of California is the? Poppy 

The Poppy is the state flower of? California 

  

The state bird of Montana is the? Meadowlark 

The Meadowlark is the state bird of? Montana 

The state flower of Montana is the? Bitterroot 

The Bitterroot is the state flower of? Montana 

 

                                                           
4
 The order of these questions was randomized during all probes. 
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Equivalence probe.  These probes tested for the emergence of untrained equivalence 

relations between the bird and flower images of a single stimulus set. Specifically, they assessed 

whether participants would match each state bird to the corresponding state flower, and vice 

versa, before and after learning to link the bird and the flower to a common state name through 

CL or CT instruction.   

The equivalence probe trials slides resembled the CL instruction slides but included an 

additional sample stimulus at the top. An array of three stimuli, all birds for example, was 

presented on the bottom portion of a slide (comparison stimuli), and one sample stimulus from 

the other subcategory (flowers in this example) was shown at the top of the screen (see Figure 9).  

Participants were instructed, “Now you will see some pictures. Your job is to match the ones that 

go together. Look at the picture at the top of the screen and click on the picture on the bottom of 

the screen that it matches. You will not find out if you picked the right picture, so try your best. 

Click on the blue square when you are ready to start.”  These probes consisted of 18 trials and 

each image served as the sample stimulus for three separate trials. The location of the correct 

comparison stimulus was counterbalanced across the left, center, and right position of the array 

across trials.  
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        Figure 9. Example of an equivalence probe trial slide for stimulus set 2. 

 

Intraverbal Instruction. 

Direct intraverbal (DI) instruction. This instruction simulated how intraverbal 

instruction is sometimes provided to children with ASD in applied settings by directly 

reinforcing all target intraverbal relations. DI instruction was only provided following CL/CT 

instruction when participants failed the intraverbal postprobe. Like intraverbal probes, the 

experimenter and participant were seated side-by-side and performed the fill-in-the-blank task. 

However, during instruction, the experimenter taught the relations one state at a time because the 

total number of intraverbal relations (i.e., 12, see Table 3) was too large to teach all of them 

simultaneously. Instruction began with whichever state the participant made the most errors on 

during the intraverbal postprobe. When a participant responded correctly to all questions about a 

state during that probe, relations about that state were excluded from DI instruction. Training 
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involved three trial blocks composed of four trials each (two category and two item intraverbal 

trials per state).  

Participants were instructed, “I am going to ask you some questions sort of like last time, 

but this time you will get feedback and I’m going to help you with the first four answers. So 

listen closely, I’m going to say the question and then the answer and I want you to repeat the last 

word that you hear. After the first four questions you can try to answer on your own.” The 

experimenter then asked a question such as, “The state bird of Colorado is the… [Pause] 

bunting,” and waited for the participant to repeat “bunting,” and then provided praise. The 

experimenter provided an immediate vocal prompt during the first trial block of the first 

instructional session. In subsequent trials, if participants did not respond within 5 s or if they 

provided an incorrect answer, the experimenter stated the correct response and then repeated the 

question to allow for an independent correct response. Correct responses were followed by 

enthusiastic praise from the experimenter (e.g., “Yes that’s right!”). Mastery criterion per state 

was two consecutive sessions at 10/12 correct, with the stipulation that participants could not 

miss the same exact question twice in a row across those two sessions. When this criterion was 

met with the first state, the experimenter moved on to instruction with the next state in the same 

manner. Following mastery of all targeted states, postprobes were conducted again. 

Mixed intraverbal (MI) instruction. This instruction was only implemented when a 

participant did not pass the intraverbal probe following DI instruction. MI instruction was 

conducted similarly to DI instruction except that stimulus relations about all three states in a set 

were presented during each session. Thus, the trials presented during MI instruction were 

identical to those presented during the intraverbal probe. Each response during the first session 
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was prompted immediately by the experimenter, and then a 5 s prompt delay was added for all 

following sessions. Mastery criterion remained the same as DI instruction.  

Results 

 Data on the number of sessions in item tact instruction (ITI), item tact maintenance 

probes (ITMP) and booster ITI are shown in Table 4 for all four participants. Participants learned 

to label the visual stimuli at various rates and required varied amounts of reminder instruction as 

well. Note that the number of ITMP sessions depended on the number of sessions required for 

participants to master the instructional condition (CL or CT) assigned to that stimulus set, and 

not related to maintenance of item names. In turn, the Booster ITI sessions were only conducted 

when an ITMP was failed.  

Table 4 

Number of ITI, ITMP, and Booster ITI Sessions Conducted per Stimulus Set 

Participant Stimulus Set Condition ITI ITMP Booster ITI 

Sigrid 
1 CL 12 8 3 

2 CT 6 5 2 

  

 

   
Frances 

2 CL 10 10 2 

1 CT 10 6 1 

  

 

   
Nathan 

1 CL 14 7 4 

2 CT 14 5 1 

  

 

   
Ogden 

2 CL 7 4 0 

1 CT 8 5 2 

 

Figure 10 shows the percent of correct responses for all instruction and probe sessions for 

each participant in Experiment 1. Each panel depicts the data for a single individual.  
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Figure 10. Results of Experiment 1 for Sigrid, Frances, Nathan and Ogden. All filled markers 

indicate the category listener (CL) condition and all open markers indicate the category tact (CT) 

condition. CT instruction is shown as the open diamond markers and CL instruction is shown as 

the filled square markers. Direct intraverbal instruction (DII) is indicated by the circle markers. 

The legend on the bottom right side of the figure shows the markers for all probe types.  
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Data for Sigrid are in the top panel of Figure 10. Minimal correct responding was 

observed during baseline, and only in the probes that involved a selection response (category 

listener and equivalence), in which the likelihood of correct responses occurring by chance if a 

stimulus was selected in each trial was 33%. Following one of each type of baseline probe, 

intervention was implemented. Sigrid mastered category tact (CT) instruction and category 

listener (CL) instruction simultaneously, each in nine sessions. Following CL instruction, she 

passed the category listener probe and even though she made more correct responses than in 

baseline, she failed the intraverbal postprobe, category tact probe, and equivalence probe. 

However, following CT instruction, she passed all four postprobes; category tact, intraverbal, 

category listener and equivalence. In other words, once Sigrid learned to categorize the bird and 

flower stimuli receptively, she maintained this skill under extinction conditions.  However, this 

skill did not generate criterion performance of vocal category tacts (labels) when she was shown 

the visual stimulus, nor did she respond intraverbally (answer fill-in-the-blank questions) about 

the same trained relations in the absence of the visual stimuli. During the equivalence postprobe, 

she did not derive the untrained relations between the visual stimuli themselves (birds and 

flowers) that were linked to one another by a common state. However, she did reach criterion 

performance on all of these tasks following CT instruction. That is, once Sigrid learned to tact 

(label) the categories of the visual stimuli, she responded consistently to these relations as a 

listener and intraverbally by answering the fill-in-the-blank questions. She also derived the 

untrained relations (equivalence) between the visual stimuli (birds and flowers). 

Because Sigrid failed the intraverbal probe following CL instruction, DI instruction was 

provided for that stimulus set. Following nine sessions (three per state) of DI instruction, she 

again failed the intraverbal postprobes, category tact probe, and equivalence probe. The category 
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listener probe was not performed again because she had already passed it following CL 

instruction. Although Sigrid did not pass the intraverbal postprobes following DI instruction, it is 

notable that she performed better than she did on the first intraverbal postprobe, which followed 

CL instruction (75% as compared to 50% accurate). Despite increased correct performance on 

the intraverbal postprobes following DI instruction, her scores on the category tact probe and 

equivalence probe did not improve. In other words, learning to respond to fill-in-the-blank 

questions about the relations between visual stimuli and their associated states did not produce 

criterion level performance when she was asked to tact the state following presentation of the 

visual stimulus, nor did she respond at criterion level on the equivalence tasks which required her 

to select the visual stimuli that went together. 

Additional mixed intraverbal (MI) instruction was provided in an attempt to help Sigrid 

pass the intraverbal probe. As mentioned previously, this instruction was similar to DI 

instruction and nearly identical to the intraverbal probe because the experimenter interspersed 

trials with all three states. Sigrid reached mastery on this task in 11 sessions and then passed the 

remaining postprobes. Thus, MI instruction engendered additional untrained responding that was 

not observed following CL or DI instruction (e.g., expressive categorization and visual-visual 

matching).  

In total, Sigrid mastered the intervention tasks (CL and CT instruction) each in 108 trials, 

and immediately passed the intraverbal postprobes following CT instruction, but required 348 

trials to pass the intraverbal postprobes following CL instruction (third attempt). Thus, CT 

instruction was just over three times as efficient as CL instruction at producing mastery of the 

intraverbal postprobes (as well as the other postprobes).   
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Data for Frances are shown in the second panel from the top of Figure 10. Although some 

correct responding occurred during the equivalence probe in the CL condition during baseline, 

all other probe data were at zero. She mastered CT instruction prior to CL instruction (in only 

nine sessions) and then performed perfectly (100% correct) on all four of the postprobes in this 

condition. Following those postprobes, CL instruction was resumed for four more sessions until 

she reached mastery. She then passed the category listener probe but failed the intraverbal, 

category tact, and equivalence probes. Just as with Sigrid, follow-up DI instruction was provided 

until she reached mastery (nine sessions).  Unlike Sigrid, this was sufficient for her to pass the 

intraverbal postprobe as well as the equivalence probe; however, she failed the category tact 

probe. In other words, DI instruction following CL instruction was sufficient to produce criterion 

level intraverbal behavior, but was not sufficient to produce category tacts. Similarly to Sigrid, 

CT instruction was doubly as efficient (108 trials) as CL instruction (264 trials) in producing 

passing intraverbal performance. However, unlike Sigrid, Frances mastered the initial CT task 

(108 trials) more quickly than the CL task (156 trials). Whereas the combination of CL plus DI 

instruction eventually led to criterion responding on the intraverbal postprobes, Frances never 

reached criterion on the category tact postprobe following CL plus DI instruction. Therefore, CL 

plus DI instruction produced less skills overall than CT instruction.   

 Data for Nathan are shown in the third panel from the top of Figure 10. Just as Frances, 

Nathan was given two baseline intraverbal probes. Similarly to both Frances and Sigrid, he 

occasionally responded correctly in those probes which required selection responses (category 

listener and equivalence), but not in those probes which required production responses 

(intraverbal and category tact). Following baseline, Nathan mastered CL instruction first in 10 

sessions. When he reached mastery in the CL instruction condition, his responding in the CT 
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instruction condition was around forty percent accurate. However, as with Frances and Sigrid, 

CL responding was maintained under extinction but did not produce passing performance on the 

intraverbal postprobe or the category tact probe. 

Nathan appeared to have learned relations about one state (Colorado) from CL instruction 

because he responded correctly to all trials which involved Colorado and did not say “Colorado”, 

“columbine”, or “bunting” to any other questions during the intraverbal postprobe. This outcome 

differs from Frances and Sigrid, who made errors for each state in the stimulus set being tested in 

the intraverbal postprobe that followed CL instruction. Unlike Frances and Sigrid, Nathan passed 

the equivalence postprobe following CL instruction. Due to his failure to meet criterion 

performance on the intraverbal postprobe, DI instruction was introduced and was alternated with 

CT instruction which was resumed following CL postprobes. Eight more sessions of CT 

instruction were required before Nathan passed all of the postprobes for that condition. Because 

he responded correctly to all trials involving the state of Colorado during the intraverbal 

postprobes, DI instruction was only conducted for Montana and California before the intraverbal 

probe was repeated. In the CL instruction condition, an additional 12 sessions of DI instruction 

were necessary for Nathan to pass the intraverbal probe, yet, he still did not pass the equivalence 

probe. Just as with Frances, DI instruction in addition to CL instruction produced passing 

intraverbal performance, but it did not impact category tact performance. In total, 216 and 264 

trials were required for CT and CL followed by DI instruction respectively for him to pass the 

intraverbal postprobes. Just as with Frances, CL plus DI instruction did not produce passing 

category tact probe performance.  

 The bottom panel of Figure 10 shows data for Ogden. Unlike the previous participants, he 

demonstrated some correct responding during all baseline probe types, including those that 
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required vocal responses. Ogden mastered both CL and CT instruction in six sessions (or 72 

trials) and passed all postprobes immediately.  

Table 5 shows trials to criterion for each participant. This number was calculated by 

summing the total number of CL, CT, and intraverbal instructional trials (DI/MI) required in 

each condition until the intraverbal postprobe was passed. All ITI and ITMP trials were excluded 

from this measure.  

Table 5 

Trials-to-Criterion to pass Intraverbal Postprobe: Experiment 1 

Participant CL Instruction CT Instruction 

Sigrid 348 108 

Frances 264 108 

Nathan 264 216 

Ogden 72 72 

 

A more fine-grained analysis of the intraverbal probe data is shown in Tables 6 and 7. 

Intraverbal probes consisted of two trial types (item and category intraverbal questions) that 

together made a bidirectional intraverbal relation. In item intraverbal questions, the experimenter 

asked questions such as, “The state bird of Colorado is the…?” in which participants were 

expected to provide the item name (e.g., “bunting). Conversely, in category intraverbal 

questions, the experimenter asked questions such as, “The bunting is the state bird of…?” and 

participants were expected to provide the category name (e.g., “Colorado”). Both trial types 

tested the relation between the stimulus item (bird or flower) and its corresponding state, but 

required different vocal responses. For a participant to demonstrate bidirectionality of an 
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intraverbal relation, they had to answer each of the questions correctly for a given state. Thus, 

each intraverbal probe consisted of six opportunities (one per stimulus, 12 trials total) to 

demonstrate bidirectionality of an intraverbal relation. Each opportunity (pair of questions) was 

scored as correct or incorrect and the total number of correct pairs was converted to a percentage. 

Table 6 shows the percent of correct responses to each intraverbal trial type tested during 

the first intraverbal postprobe that followed CL and CT instruction. Overall, CT instruction 

produced higher accuracy on category intraverbal trials for all four participants, and higher 

accuracy on item intraverbal trials for two of four participants (Sigrid and Frances).  CL 

instruction never produced better performance than CT instruction on category intraverbal trials, 

but did so on item intraverbal trials for Nathan and Ogden.  

Table 6 

Percent Correct of Category and Item Intraverbal Trials during First Postprobe: Experiment 1 

  CL Instruction CT Instruction 

Participant Category Intraverbal Item Intraverbal Category Intraverbal Item Intraverbal 

Sigrid 50% 50% 100% 67% 

Frances 33% 50% 100% 100% 

Nathan 50% 83% 100% 67% 

Ogden 100% 100% 100% 83% 

 

Table 7 shows that CT instruction produced more bidirectional relations than CL 

instruction for Frances, Sigrid and Nathan. Furthermore, DI/MI instruction produced as many or 

more bidirectional relations for these three participants than did CT instruction; however, the 
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effects of DI/MI instruction cannot be analyzed independently as they followed a history of prior 

CL instruction.  

Table 7 

Percent Correct of Bidirectional Intraverbal Relations during All Probes: Experiment 1 

Participant CL Instruction CT Instruction DI Instruction MI Instruciton 

Sigrid 33% 67% 67% 83% 

Frances 17% 100% 100% 

 

Nathan 33% 67% 67% 

 

Ogden 100% 83%     

 

Discussion 

All participants demonstrated an increase in correct responding in intraverbal probes 

following both CL and CT instruction, and the multiple baseline design suggested that the 

instruction the participants received was responsible for this increase  (i.e., it was not a result of 

passage of time or exposure to intraverbal probe trials). However, only one out of four 

participants passed the intraverbal postprobes following CL instruction, whereas all four 

participants passed the intraverbal postprobes following CT instruction. Specifically, CT 

instruction led to perfect performance on category intraverbal trials during the postprobe for all 

participants whereas CL instruction produced at or below chance level responding on category 

intraverbal trials for everyone but Ogden. CT instruction also produced better performance on 

item intraverbal trials for all participants than did CL instruction, however not always to 

proficiency. In concert with these data, all four participants passed the postprobe for the relations 

they had just been taught (passed category listener probe following CL instruction and category 

tact probe following CT instruction) but only one of four participants passed the category tact 
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probe following CL instruction (Ogden) whereas all four participants passed the category listener 

probe following CT instruction. Similarly, two out of four participants passed the equivalence 

probe following CL instruction (Ogden & Nathan); but all four participants passed the 

equivalence probe following CT instruction.  

DI instruction was never necessary following CT instruction, but was necessary for three 

out of four participants following CL instruction (Frances, Sigrid, Nathan). None of these 

participants passed the category tact probe following DI instruction. Two passed the intraverbal 

probe following DI instruction (Frances, Nathan), but one participant (Sigrid) required further 

instruction (MI) to do so. One out of two participants passed the equivalence probe following DI 

instruction (Frances) and one (Sigrid) required further instruction to do so (Nathan passed the 

initial equivalence postprobe so did not need to be tested again following DI instruction). As for 

the instructional conditions, two of four participants mastered the initial CL and CT instruction 

tasks simultaneously and one of four mastered each of the conditions first. 

The results of Experiment 1 suggest that CT instruction was more productive and 

efficient than CL instruction for three of the four participants. For these three participants, CT 

instruction better promoted emergence of untaught but related relations, including category 

listener and intraverbal responses as well as derived equivalence relations. For all three, fewer 

trials were required to establish intraverbal responses to mastery in the CT condition than in the 

CL condition, not because CT necessarily took fewer trials than CL to complete, but because CT 

rendered subsequent inraverbal instruction unnecessary whereas CL did not. Thus, in opposition 

to many EIBI recommendations (Eikeseth & Smith, 2013; Sundberg & Partington, 1998, Lovass, 

2003), the present data suggest it may be more productive to begin with tact instruction as it can 

produce a wealth of other untrained skills (including listener relations) with little to no additional 
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training required. Before such a suggestion can be made empirically, however, the current study 

needs to be replicated with more clinically relevant populations.  

Ogden’s results differed from the other participants in that CL and CT instruction 

produced equal outcomes. Ogden required substantially fewer sessions to complete CL and CT 

instruction than the other participants, and immediately performed at mastery level in all probes. 

Thus, it is possible that his performance represents a ceiling effect reflecting his age and acquired 

learning skills. Although Ogden was not the oldest participant in Experiment 1, the one 

participant who was older (Sigrid) had a diagnosis of dyslexia, which may have reflected more 

general learning problems. It is possible that a more difficult task (e.g., a greater number of 

stimuli) that produced slower acquisition for Ogden would have resulted in a CL advantage as in 

the case of the other participants. 

The superior effects of CT to CL instruction are not surprising given previous findings 

that tact instruction may generally be more efficient than listener instruction for both typically 

and atypically developing individuals (Horne, Harris, & Randle, 2002; Horne, Hughes, & Lowe, 

2006; Horne, Lowe, & Randle, 2004; Lowe, Horne, & Hughes, 2005; Petursdottir & Carr, 2011). 

However, Experiment 1 is the most conclusive demonstration to date of this effect on the 

establishment on intraverbals.   

Experiment 2 

In Experiment 1, CL instruction followed by DI instruction as needed reliably required 

more trials-to-criterion than did CT instruction before intraverbal responding occurred at 

mastery.  The purpose of Experiment 2 was to address whether CT instruction was also more 

efficient than DI instruction without any prior instruction relating images to category names. In 

other words, Experiment 2 was designed to evaluate the efficiency of omitting listener or tact 
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instruction as a first step and instead implementing direct intraverbal instruction from the 

beginning of training. It was similar to Experiment 1, except that the initial conditions compared 

were CT instruction (programmed to be followed by DI instruction if necessary) and 

unidirectional DI instruction that directly targeted the category intraverbal relations shown in 

Table 3.  

Method 

 Participants. Three typically developing children between the ages of 7 and almost 9 

participated in Experiment 2. All were recruited through personal acquaintances of the 

experimenter. Keller was an 8-year, 8-month old third grade boy. Eugen who was an 8-year, 7-

month old, third grade boy, and Marian was a 7-year, 2-month old, third grade girl.  

Materials. Materials were identical to those described for Experiment 1, and all but one 

participant received instruction with stimulus set 1 and 2; however Keller was taught with 

stimulus sets 1 and 3 due to an experimenter error.  

Pre-experimental assessments.  These assessments were identical to Experiment 1.  

Experimental design. The design was identical to that used for Experiment 1 except for 

one change. Trials to criterion to pass the intraverbal probe were measured in the CT condition, 

and trials to mastery of the instructional task were counted in the DI condition because 

participants who failed the intraverbal probe that followed DI instruction were not given 

additional training to boost their performance to passing. Figure 11 shows a flow chart 

illustrating the sequence of conditions in Experiment 2.  
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Figure 11. Sequence of events for Experiment 2. Items that are asterisked (*) indicate that this 

step only occurred as needed for each individual participant.  
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Response measurement and interobserver reliability. The dependent variables, 

measurement system and  mastery criterion were identical to Experiment 1.To obtain 

interobserver agreement (IOA), a second, independent observer collected date for at least thirty 

percent of all experimental sessions in the same manner as Experiment 1. IOA was calculated for 

47% of sessions for Marian, 39% of sessions for Keller, and 32% of sessions for Eugen. Mean 

agreement was 100% for correct and incorrect responses on all trials across instruction and probe 

sessions for all participants.  

Procedure 

Category tact (CT) instruction. This condition was identical to Experiment 1, 

participants were shown a visual stimulus (e.g., bunting) and asked “This is the state bird of?” 

Direct intraverbal (DI) instruction. This condition was nearly identical to Experiment 1, 

except for two modifications. First, rather than teaching the states sequentially (as in Experiment 

1), the states were taught simultaneously, such that a 12 trial session contained four trials about 

each state. Second, rather than teaching bidirectional intraverbal relations by targeting item and 

category intraverbal trials, only category intraverbal trials were taught because these relations 

corresponded to those taught in the CT instruction condition in that both required participants to 

provide the category name. The training involved category intraverbal trials, such that the vocal 

response required was a category tact. For example, in the absence of any visual stimuli, 

participant were asked “The bunting is the state bird of?” and expected to say that state name. 

Thus, the vocal response required in both DI and CT instruction was of the same type.  

Probes. Probes were identical to Experiment 1.  
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Results 

 Data from the item tact instruction (ITI), item tact maintenance probes (ITMP) and 

booster ITI are shown in Table x for all three participants.  

Table 8 

Number of ITI, ITMP, and Booster ITI Sessions Conducted per Stimulus Set: Experiment 2 

Participant Stimulus Set Condition ITI ITMP Booster ITI 

Marian 
2 CT 8 8 1 

1 DI 9 8 0 

  

 

   
Keller 

1 CT 6 5 0 

3 DI 7 3 0 

  

 

   
Eugen 

1 CT 10 5 2 

2 DI 15 3 0 

      

Figure 12 shows the percent of correct responses in all sessions for each of the three 

participants in Experiment 2. Each panel represents the data for a single individual.  
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Figure 12. Results of Experiment 2 for all three participants. All filled markers indicate the 

Direct Intraverbal (DI) condition and all open markers indicate the category tact (CT) condition. 

CT instruction (CTI) is shown as the open diamond markers and DI instruction (DII) is shown as 

the filled circle markers. The legend on the bottom right side of the figure shows the markers for 

all probe types. 
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Data for Marian are in the top panel of Figure 12. One of each type of baseline probe was 

conducted prior to the intervention. Correct responding was observed below chance levels during 

most baseline probes except for the equivalence probe in the CT condition (44% correct) during 

which Marian responded slightly higher than chance, but lower than criterion levels. Marian 

mastered category (CT) instruction first in 18 sessions and was responding around 40% correctly 

during direct intraverbal (DI) instruction sessions at that time. Though she scored 83% correct in 

the following category tact probe, which tested the just-trained relations in the absence of 

feedback, she did not meet the criterion for passing because both of her errors were on the same 

relation. Following the failed category tact probe, she received one booster session of CT 

instruction and then she scored 100% correct on the second category tact probe before passing all 

of the three probes that followed (intraverbal, category listener, and equivalence).  

Following her passing performance on all postprobes after CT instruction, Marian 

required eight more sessions of DI instruction to meet mastery criterion. Although she responded 

with higher accuracy than in baseline (8%), she failed (66%) the intraverbal postprobes that 

followed DI instruction but passed all other postprobes (category tact, category listener, 

equivalence). Specifically, she failed the intraverbal probe because her acquisition of category 

intraverbals during training did not reliably produce emergence of item intraverbals.   

Data for Keller are shown in the second panel from the top of Figure 12. A procedural 

error was made; the experimenter performed three initial DI instruction sessions incorrectly with 

stimulus set 2 following baseline probes. When the error was discovered, set 2 was discarded and 

new baseline probes and DI instruction were performed correctly with set 3. Thus, following 

baseline probes, the three CT instruction sessions with set 1 are graphed followed by the baseline 
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probes and then three DI instruction sessions for set 3.  These three DI instruction sessions were 

conducted in isolation and then alternation of CT and DI instruction began. 

 Keller performed below chance levels for all baseline probes in the CT condition except 

for the equivalence probe in which he scored 77% correct. When he was asked why those 

specific bird and flower images went together, he referred to physical features of the birds and 

flowers that he thought would allow them to survive in similar climates, but he never mentioned 

state names or that they might come from the same state.  Keller responded below chance levels 

for all baseline probes in the DI condition including both intraverbal probes in which he scored 

8% correct each. Unlike Marian, Keller mastered the DI instruction condition first in 108 trials, 

followed by mastery of the CT instruction condition in 180 trials (Table 9). He passed all probes 

following each condition. 

 Data for Eugen are shown in the third panel from the top of Figure 12. Eugen received 

five baseline intraverbal probes in each condition because the first three showed an increasing 

trend (0%, 16%, 25%) in correct responses which warranted further probing. Two additional 

probes were conducted before it was evident that Eugen was not acquiring the intraverbal 

relations in baseline. Similarly to Keller, Eugen responded above chance level (61%) but below 

criterion on the equivalence probe in the DI condition, but at or below chance level for all other 

probe types. Table 9 shows that like Marian and unlike Keller, Eugen mastered the CT 

instruction condition first in only five sessions (60 trials) and the DI instruction condition second 

in 11 sessions (132 trials). Although he passed all postprobes following both conditions, DI 

instruction required more than twice the number of trials as did CT instruction to produce 

mastery and criterion level performance on postprobes.   
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Table 9 

Trials-to-Mastery in CT and DI Instruction: Experiment 2 

Participant CT Instruction DI Instruction 

Marian 216 300 

Keller 180 108 

Eugen 60 132 

 

 Table 10 below displays the percent correct of each intraverbal trial type per participant 

and per condition. DI instruction led to perfect accuracy on taught category intraverbal trials for 

all participants; however did not produce proficiency on the untaught inverse questions (item 

intraverbal trials). CT instruction on the other hand, produced proficiency in both category and 

item intraverbal trials for all three participants.  

Table 10 

Percent Correct of Category and Item Intraverbal Trials per Condition: Experiment 2 

  CT Instruction DI Instruction 

Participant Category Intraverbal 

Item 

Intraverbal Category Intraverbal 

Item 

Intraverbal 

Marian 83% 100% 100% 33% 

Keller 83% 83% 100% 83% 

Eugen 100% 100% 100% 67% 

 

Table 11 shows the percent correct for each bidirectional intraverbal relation that was 

tested during the intraverbal postprobe that followed each condition. CT instruction produced 

more bidirectional relations than did DI instruction for Marian and Eugen, and slightly less for 

Keller.  
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Table 11 

Percent Correct of Bidirectional Intraverbal Relations: Experiment 2 

Participant CT instruction DI instruction 

Marian 83% 33% 

Keller 67% 83% 

Eugen 100% 67% 

 

Discussion 

The purpose of Experiment 2 was to determine the relative efficacy of CT and DI 

instruction on acquisition of intraverbals, without prior CT or CL instruction. Although all 

participants demonstrated an increase in correct responding on intraverbal probes following DI 

instruction, it produced criterion level responding for only two of three participants whereas CT 

instruction did so for all three participants. Following DI instruction, all participants performed 

the just-taught intraverbals with perfect accuracy in category trials of the intraverbal probe, but 

two of three struggled with item intraverbals and one of them failed to meet the intraverbal 

passing criterion for that reason. Following CT instruction, by contrast, all participants 

performed at criterion level on the intraverbal probes and with similar accuracy in item and 

category trials. DI instruction also took more trials to complete than CT instruction for two 

participants, whereas CT instruction took more time to complete for the third. Both conditions 

promoted passing performance on all other probe types (category listener, category tact, and 

equivalence) for all participants.  

Keller mastered the DI task more quickly than the CT task and passed all postprobes 

following both types of instruction. It cannot be ruled out that his outcomes are different from 

the other two participants due to the experimenter error. When DI instruction began anew, three 

sessions in a row were conducted with the new stimulus set, whereas CT instruction was always 
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alternated with DI instruction (originally with the incorrectly run DI sessions not depicted in 

Figure 12). Receiving three consecutive sessions with the same stimuli may have boosted 

efficiency of the DI condition relative to CT. Alternatively; his experience with the incorrectly 

run sessions may have affected Keller’s perception of the relative ease of CT and DI instruction. 

Specifically, in the erroneously conducted sessions, bidirectional relations were taught for one 

state at a time, as in DI instruction in Experiment 1, instead of category intraverbal relations for 

three states simultaneously as programmed in Experiment 2. During these sessions, Keller 

commented about the relative ease of this condition over that of CT instruction (which was 

performed correctly and contained trials on all three states in each session). It is possible that this 

error resulted in a preference for DI instruction, which would be consistent with his behavior 

across conditions; during CT instruction Keller behaved in more off-task and disruptive ways 

that indicated his frustration such as yelling, sliding out of his chair, banging his fist on the table, 

and saying things such as “No, you’re wrong, this is stupid!”  or asking to switch to the other 

condition.  

Overall, the results of Experiment 2 are consistent with those of Experiment 1 in that CT 

instruction always rendered subsequent DI instruction unnecessary. Unlike Experiment 1, 

Experiment 2 addressed the possibility that establishing intraverbals through tact instruction 

might nevertheless be less efficient than simply teaching a subset of the intraverbals directly. The 

results showed no consistent advantage of intraverbal over tact instruction as only one of three 

participants learned faster in this condition, and one of the other participants did not perform to 

criterion on the intraverbal postprobes. However, the results were not strongly in favor of CT 

over DI either, and not strongly consistent with the prediction that tact instruction might be more 

likely than intraverbal instruction to produce the full set of emergent relations, as all relations 
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emerged to criterion in both conditions with the exception of the full set of intraverbal relations 

following DI for Marian. 

More data are needed to determine the relative efficiency of CT and DI instruction, and 

additional research is needed with individuals with developmental disabilities. Nevertheless, 

these results provide a preliminary suggestion that both CT instruction and DI instruction 

without prior CL instruction are effective at producing intraverbal and other relevant emergent 

relations. If future research produces similar outcomes, it may suggest a need to revise EIBI 

curricula recommendations regarding teaching intraverbal behavior. Perhaps behavior analysts 

need to allocate more time to improving CT instruction and trying to take full advantage of its 

potential to promote emergent verbal behavior and eliminate the need for extraneous training.  

General Discussion 

Main Findings 

Results of Experiment 1 suggested that CT instruction facilitated intraverbal responding 

to a greater extent than CL instruction. All participants passed intraverbal probes after CT 

instruction alone, rendering subsequent DI instruction unnecessary, whereas three of four 

participants required DI instruction after CL instruction had been completed to criterion. Each of 

these three participants required fewer instructional trials to complete CT instruction and pass 

intraverbal probes than to complete all of the CL and DI instruction that was necessary before 

they passed the intraverbal probe. The fourth participant (Ogden), who did not require DI 

instruction following CL instruction, completed CT and CL instruction in the same number of 

trials. 

 Previous studies (Miguel et al., 2005; Petursdottir & Haflidadottir, 2009) provided 

preliminary evidence that tact instruction produced a greater effect on emergent intraverbal 
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responding than did listener instruction, which is consistent with the results of Experiment 1. 

Previous studies, however, did not compare the total amount of instruction needed to produce 

intraverbals at criterion level when performance was below mastery following tact or listener 

instruction alone. The results of Experiment 1, therefore, substantially strengthen the evidence 

that tact instruction provides a more efficient means to establish new intraverbal relations than 

does listener instruction followed by DI instruction when necessary. This is a notable outcome 

given that a typical recommendation in the EIBI literature is to teach objectives similar to those 

in the present study through listener instruction followed by DI instruction (e.g., Eikeseth & 

Smith, 2013; Sundberg & Partington, 2008; Taylor & McDonough, 1996). 

In addition to intraverbal responding, the results of Experiment 1 also suggested that CT 

instruction alone produced superior performance on probes for other emergent relations 

compared to CL instruction alone. First, all participants passed category listener probes after 

meeting criterion in CT instruction, whereas only Ogden passed the category tact probe after 

meeting criterion in CL instruction. Second, all participants passed equivalence probes after 

meeting criterion in CT instruction, whereas only two of four participants passed them after 

meeting criterion in CL instruction alone. Participants who failed probes for these other emergent 

relations following CL instruction alone showed some improvement after receiving DI 

instruction; however, two participants continued to respond with low to intermediate accuracy in 

category tact probes following DI instruction. The effects of CT instruction on these emergent 

relations compared to CL instruction replicate previous findings (e.g., Delfs et al., 2014; Horne 

et al., 2004; Lowe et al., 2002; see also Petursdottir & Carr, 2011) and suggest that tact 

instruction generally produces more emergent responding than does listener instruction. 
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Although Experiment 1 suggested that CT instruction provided a more efficient means 

than CL followed by DI instruction to establish intraverbal responding, it did not rule out that 

intraverbal relations, as well as the other relations measured in Experiment 1 could be 

established even more efficiently via DI instruction alone, in the absence of prior CT or CL 

instruction. Experiment 2 did not suggest that this was the case, as only one of three participants 

(Keller) achieved mastery faster in DI instruction than in CT instruction, whereas the other two 

achieved mastery faster in CT instruction. As in Experiment 1, CT instruction always produced 

passing performance on intraverbal, category listener and equivalence probes. Unlike CL 

instruction in Experiment 1, DI instruction typically produced passing performance on probes for 

emergent relations; however, an exception occurred for Marian who failed the intraverbal probe 

due to performing poorly in item intraverbal trials after learning category intraverbal relations in 

DI.  Overall, the results of Experiment 2 did not strongly favor one type of instruction (CT or DI) 

over the other given that results differed across participants, but they at least do not suggest any 

disadvantages to targeting intraverbals through CT instruction. 

Practical Implications 

The current results may have practical implications for teaching verbal behavior to 

children with ASD. Firstly, numerous manuals (e.g., Eikeseth & Smith, 2013; Sundberg & 

Partington, 2008; Taylor & McDonough, 1996) suggest teaching a developmentally sequenced 

curriculum starting with listener skills first; however little empirical research supports this 

arrangement (Carr & Firth, 2005). The current data conflict with this recommendation and 

support the notion that teaching tacts is more efficient than teaching listener behavior 

(Petursdottir & Carr, 2011). Beginning an intraverbal program by teaching tacts may result in 
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more emergent verbal behavior than teaching listener behavior, which could lessen or remove the 

need for subsequent instructional instruction and possibly produce more flexible learning.  

Before clinical recommendations can be made, it will be necessary to replicate the 

present findings with children who are in need of language intervention due to ASD or other 

neurodevelopmental disorders.  Although in some studies, participants with ASD have 

performed with perfect accuracy on tests for emergent verbal behavior (e.g., May et al., 2013), 

other  studies have demonstrated that the lower the level of verbal and intellectual ability, the 

less likely individuals are to demonstrate untaught stimulus relations (Denavy, Hayes & Nelson, 

1986; Lowenkron, 1984; Saunders & Spradlin, 1989; Sundberg & Sundberg, 1990). New 

evidence suggests this could be due to a deficit in verbal mediating behavior which then 

contributes to a lack of opportunities for additional sources of self-made stimulus control to 

emerge and support derived relations (Sundberg, Sundberg, & Michael, 2018). Given these 

findings, the three types of instruction evaluated in the present experiments may be expected to 

yield less emergent responding for at least some children with ASD than it did for the current 

participants. Additionally, due to difficulties with speech production, some individuals with ASD 

use alternative communication systems (e.g., communicative devices) in place of vocal speech, 

which could possibly alter the relative efficiency of instructional procedures. Nevertheless, there 

is evidence to suggest that patterns of emergent behavior in children with ASD are similar to 

those observed in typically developing children. For example, greater emergence of listener 

relations following tact instruction than emergence of tacts following listener instruction is 

consistent across both typically developing children (e.g., Connell & McReynolds, 1981, and the 

present Experiment 1) and children with ASD (e.g., Bao et al., 2017; Delfs et al., 2014; 

Frampton, Robinson, Conine, & Delfs, 2017). This finding holds true for children with ASD 
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even when they are taught manual signs in place of vocal speech (Watters, Wheeler, & Watters, 

1981). Similarly, tact instruction may yield emergent relations between visual stimuli more 

reliably than listener instruction in both typically developing children (Horne et al., 2004; Lowe 

et al., 2002; equivalence probes in the present Experiment 1) and in children with ASD (Kobari-

Wright & Miguel, 2014; Miguel & Kobari-Wright, 2013; Sprinkle & Miguel, 2013). As a result, 

it may be reasonable to expect that the relative efficiency of tact and listener instruction found in 

Experiment 1 will also be seen for children with ASD and possibly also with the use of 

alternative communication systems. A caveat, however, is that less is known about the 

emergence of intraverbal relations in children with ASD than about the emergence of tact and 

listener relations. The literature on intraverbal acquisition and emergence has seen a sizable 

surge in the last ten years (Aguirre, Valentino & LeBlanc, 2016), but most of the studies have 

been conducted with typically developing children. Thus, there is a need to continue pursuing 

research on both taught and untaught intraverbal behavior to children with ASD. 

If similar results are found with children with ASD in the future, it may be wise to 

recommend that clinicians begin by teaching tact responses and then probe for listener and 

intraverbal responses and fill in the gaps as needed. Direct intraverbal instruction could then be 

provided only when emergence of these responses did not occur. Few if any resources (e.g., 

Greer & Ross, 2007; Sundberg & Partington, 1998) suggest training specific verbal operants and 

then testing for emergence of others.  Although this idea is simple and could greatly decrease the 

amount of instruction required, it is unknown to what extent such a strategy is currently followed 

in clinical settings. Additionally, some of the major EIBI manuals or resources (Greer & Ross, 

2008; Leaf & McEachin, 1999; Lovaas, 2003; Maurice, Green & Luce, 2003; Sundberg & 

Partington, 1998; Taylor & McDonough, 1996) have not been updated in over ten years and in 
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addition to the present study, other recent data suggest that some commonly made suggestions in 

these texts are not empirically supported.  A survey of EIBI clinicians found that most of them 

used one or more of these major manuals in their practice (Love, Carr, Almason, Petursdottir, 

2008) and it is unknown to what extent clinicians read new scholarly research or use it to inform 

their practice. As a result, it may be time for these manuals to be revised to ensure that common 

EIBI practices are consistent with empirical findings. 

Theoretical Implications 

Naming theory. The finding in Experiment 1 that CT instruction produced more 

emergent responding than CL instruction  was not surprising given previous research (Horne et 

al. 2004; 2006); Lowe et al., 2002; 2005; Petursdottir & Carr, 2011).This finding is not directly 

predicted by the original formulation of Naming theory (Horne & Lowe, 1996) but is potentially 

consistent with it if it is assumed that the component responses of naming are more likely to 

occur during tact than listener instruction (Horne et al., 2004). However, although some aspects 

of the data are consistent with Naming theory, others appear inconsistent with it. 

To review, Naming theory states that emergence of untaught verbal behavior is the result 

of a naming repertoire (bidirectional tact and listener behavior). With respect to the present 

study, it predicted that both tact and listener instruction should be capable of producing novel 

intraverbal relations if and only if (a) reinforcement of tacts also produced emergent 

corresponding listener behavior, and (b) reinforcement of listener responses produced emergent 

corresponding tact behavior. The data from the present study are consistent with this prediction 

in that (a) CT instruction, which produced emergent intraverbal behavior for all seven 

participants in both experiments, also produced CL relations that corresponded to the trained CT 

relations, and (b) CL instruction produced intraverbal behavior only when it produced 
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corresponding CT relations (Ogden) and not when CT relations failed to emerge (Sigrid, 

Frances, Nathan). It may be noted, that Frances and Nathan, who eventually passed the 

intraverbal postprobe after DI instruction, still did not show emergence of the related category 

tact repertoire. This finding is not necessarily inconsistent with Naming theory, but Frances and 

Nathan’s performance on equivalence probes conducted at the same time raises questions. 

Naming theory predicted that equivalence between visual stimuli following CT or CL 

instruction would be observed only when CT instruction produced CL relations or CL instruction 

produced CT relations. Additionally, for intraverbal instruction to produce equivalence, 

bidirectional intraverbal relations should be necessary in addition to the relevant tacts and 

listener relations.  Some of the probe data from Experiment 1 are inconsistent with this 

prediction. Specifically, Nathan passed the equivalence probe but failed the category tact probe 

following CL instruction, and again following DI instruction. Similarly, Frances passed the 

equivalence probe following DI instruction, yet failed the category tact probe. In other words, 

these two participants identified which bird and flower images went together (via their shared 

state) without being able to reliably tact the category of these items (i.e., the state name).  These 

data are not consistent with the verbal mediation model of stimulus equivalence proposed by 

Naming theory (Horne & Lowe, 1996).  

It is possible, however, that stimulus conditions were sufficiently different from the 

category tact probe to the equivalence probe such that a verbal mediating response was not at 

strength during the former but was during the latter. For example, it is possible that displaying 

only one visual stimulus (as happened in the category tact probe) did not provide a sufficient 

source of stimulus control from prior instruction, but perhaps seeing two stimuli (bird and 

flower) that belong to the same category (as occurred during the equivalence probe) was 
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sufficient to evoke the category tact. To test for this in future research, following a failed 

category tact probe, the slides could be altered to show both the bird and flower that go together 

and ask which state both of these stimuli go with. If participants could pass this version of the 

probe, it would suggest that the equivalence probe could occasion tacting even though the 

category tact probe did not. Alternatively, it is possible that the confluence of both the bird and 

state that go together (positive sample and comparison), plus the addition of the non-examples of 

stimuli that do not go together (negative comparison stimuli) provided the necessary amount of 

stimulus control for covert mediation to happen. 

 Finally, according to Naming theory, when two name relations become intraverbally 

linked through intraverbal instruction, new tacts and listener behavior should be observed if (a) 

name relations exist with respect to an element of the question or a response to the question, and 

(b) intraverbal instruction produces bidirectional intraverbal relations. The first condition was 

met through the initial ITI in which participants learned to name the individual birds and flowers. 

However, Marian’s data from Experiment 2 are inconsistent with the second condition because 

she passed the category tact, category listener and equivalence probe following DI instruction, 

but did not demonstrate bidirectional intraverbal relations. In other words, she mastered the 

category intraverbals that were directly taught through DI instruction and this promoted category 

tacting, responding as a listener to those categories and equivalence between the visual stimuli, 

yet it did not yield the same intraverbal relations in an inverse order from what she was taught 

(item intraverbal trials).  

Stimulus equivalence and RFT. Although accurate performance on equivalence probes 

in the absence of CT relations is inconsistent with Naming theory, it is consistent with Sidman’s 

(2000) stimulus equivalence theory. Sidman (2000) posits that topographically or physically 
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different stimuli can become members of a class through a history of training that results in the 

stimuli becoming substitutable or equivalent to one another under specific conditions. In other 

words, through a history of CL instruction, perhaps the bunting (bird) and the columbine (flower) 

became equivalent to one another (in the context of the equivalence probe), irrespective of any 

verbal mediation. Such an occurrence would not by default lead to emergent category tact 

responses, and thus a stimulus equivalence account of emergent equivalence relations would not 

require category tact responses to be present in the repertoire. On the other hand, the equivalence 

probe data may not be fully consistent with Sidman’s (2000) account, because simply 

participating in a reinforcement contingency together did not produce equivalence between 

visual stimuli for Sigrid and Frances following CL instruction. In addition, Sidman’s (2000) 

account does not predict the generally superior effects of CT relative to CL that was found in the 

present study.  

RFT similarly does not make specific predictions with respect to the relative efficiency of 

tact versus listener instruction. This theory posits that in the face of unknown learning histories, 

individual differences in responding should be expected in the two instructional conditions 

because different participants may have unique histories with respect to the natural-language 

contextual cues presented in probes for emergent relations. Individual differences were, indeed, 

observed in the study. A post-hoc RFT account of the results might suggest that listener 

responses were more likely to emerge following CT instruction because the contextual control 

was better established in that condition as a result of pre-experimental histories. The differences 

in intraverbal probe results following CT and CL instruction, however, could not be explained in 

this manner because the contextual cues presented in these probes were identical irrespective of 

which condition they followed.  
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Alternative explanations. In summary, the primary finding that CT instruction produced 

more emergent relations CL instruction is potentially consistent with Naming theory, but not 

consistent with non-mediational accounts of emergent relations (i.e., stimulus equivalence and 

RFT). Some aspects of the data are nevertheless inconsistent with the specific verbal mediation 

mechanism proposed by Naming theory. These inconsistencies do not rule out that other types of 

behavioral mediating events can account for the patterns of emergent responding. It is possible 

that emergent verbal behavior can come about from a variety of mediational strategies, some of 

which may involve naming repertoires and some of which may not (Sundberg, Sundberg, & 

Michael, 2018).  Perhaps bidirectional intraverbal performance emerged most consistently 

following CT instruction because this instruction promoted a one-to-one association between 

visual stimuli and state names (as opposed to the multiple visual stimuli presented in CL and no 

stimuli in DI instruction), resulting in visual imagining of the stimuli during intraverbal probe 

trials.  

Alternatively, it is possible that the differential effects of CT and CL instruction were due 

simply to the procedural differences inherent in tact and listener instruction and testing. First, 

superior effects of CT instruction on CL relations relative to the effects of CL instruction on CT 

relations may be related to the fact that CL probes constrained responding by providing only 

three stimuli to select from, whereas in the CT probes, participants were not provided with 

response options. This possibility may apply not just to the present research but also to the body 

of literature that already exists on the relative effects of tact instruction on corresponding listener 

relations and vice versa (Petursdottir & Carr, 2011). Future research might examine this 

possibility by providing multiple response options in tact probes following listener training.  In 

the context of the procedures used in the present experiments, the spoken names of the three 
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states could be presented while the visual stimulus is displayed, and participants could select the 

name of the state they believed to be correct. If participants who failed the original category tact 

probe were able to pass this version of the probe, it might suggest that their failure on the 

category tact probe was due to the limitless amount of response options that this probe offered, 

but that the relevant stimulus-category relationship has been acquired.  

These differences in probing procedures would not explain the differential effects of CT 

and CL instruction on intraverbal and equivalence performance, in which probes were identical 

following both types of instruction. However, a parallel procedural difference between CT and 

CL instruction might be responsible. Any time an instructional procedure requires a selection 

response, as does CL instruction, correct responding is potentially inflated by chance selection, 

raising the possibility of false mastery. In other words, when identical mastery criteria are used 

for CT and CL instruction, as in the present research, the mastery criterion for CT may require 

more complete acquisition than the mastery criterion for CL instruction, the attainment of which 

may be influenced by chance selection. If CT thereby more firmly establishes the taught relations 

than does CL instruction, it would explain its greater effects on emergent relations. 

The possibility that different instructional or testing formats account for the superior 

effects of CT to CL in the present research does not undermine the practical implications of the 

findings, as the procedures and mastery criteria used here were representative of clinical 

practices. However, if the effect can be attributed to these procedural issues, it might be 

consistent with non-mediational theories. 

Category Intraverbals and Item Intraverbals 

The two types of intraverbals (category and item intraverbals) included in intraverbal 

probes may warrant further discussion given that emergent and directly taught intraverbals were 
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not always bidirectional. That is, being able to respond correctly to “The state bird of Colorado is 

the?” did not necessarily entail being able to respond to “The bunting is the state bird of?”. 

Even though the two different intraverbal trial types may be thought of as inverse of one 

another, and both test the same relation, the item intraverbal trials (e.g., the state bird of 

Colorado is the [pause]”) may be considered more complex.  On such trials, convergent stimulus 

control is required in that two different features of the question should converge to control the 

response, both the state as well as the subcategory (whether the experimenter said “bird” or 

“flower”). In other words, during intraverbal probe trials, when participants hear the state name 

“Colorado”, two responses may be at strength: “bunting” as well as “columbine.”  To answer 

correctly, participants must also attend to the subcategory label (i.e., “bird” or “flower”). The 

category intraverbal trials, on the other hand, category intraverbal trials may be considered 

simpler, because when a participant hears “Columbine”, there is only one correct response that 

could follow (e.g., “Colorado”). Participants performed slightly better on the item intraverbal 

trials following CL instruction and slightly better on the category intraverbal trials following CT 

instruction. 

However, performance on the more difficult question type following CL instruction (max 

of 50% correct) was not indicative of acquisition of item intraverbals. This is in sharp contrast to 

data for the category intraverbal trials that show all participants responded 100% correctly to 

these trials following CT instruction. These data could suggest that participants are more likely 

to answer the simpler intraverbal trials correctly, or that perhaps participants performed better on 

category intraverbal trials following CT instruction because the same response topography was 

required on those questions as during CT instruction itself (saying the state name).  
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Limitations 

Several limitations of the current experiments should be noted. The first is the use of a 

convenience sample which resulted in large differences in age, educational history and ability 

between the participants. In a typical educational setting, it would be expected for a nine year old 

student to require less instruction to master a new set of intraverbal responses than it would for a 

five year old; however it is unclear to what extent these differences in participants affected the 

outcomes in these experiments. Future research should seek to use more purposeful sampling 

methods to ensure a more homogeneous population.  

The second is the absence of within-subject replication. The adapted alternating-

treatments design (AATD; Sindelar, Rosenberg, & Wilson, 1985) that was used to compare the 

effects of the instructional conditions is a weak single-case design when implemented only once 

per participant as was done here. In those cases, it cannot be ruled out that differences in trials to 

acquisition are due to uncontrolled factors (e.g., idiosyncratic histories with stimuli that resemble 

the experimental stimuli). Ideally, the comparison should be replicated at least twice for each 

participant; however, doing so also increases the risk of participant attrition, which was the 

reason within-subject replication was not included in the current research. In the absence of 

within-subject replication, an effect observed in an AATD is ideally replicated across a number 

of participants. A consistent effect across multiple participants strengthens the conclusions, 

particularly if assignment of stimulus sets to conditions is counterbalanced across subjects as in 

the present research. On the other hand, when results differ across participants, they become 

uninterpretable unless a sufficient number of participants is included to permit the detection of an 

effect through inferential statistics. Experiment 2 in the present research clearly suffered from 
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this problem and firm conclusions cannot be drawn from this experiment regarding the relative 

efficiency of CT and DI instruction. Although Experiment 1 produced more consistent data, a 

limitation is still that no difference between the CT and CL conditions was seen for Ogden. 

Nevertheless, some aspects of the results were highly consistent among participants, including 

the observation that CT instruction always rendered DI instruction unnecessary across both 

experiments. 

Second, a difference between the feedback provided during CL/CT and DI instruction 

existed in both experiments. CL and CT instruction were conducted via programmed slides 

which meant either a four second (Sigrid, Frances, Keller) or two second (Ogden, Nathan, 

Marian, Eugen) black-out screen preceded the corrective prompt. This is in contrast to feedback 

delivered during DI instruction in which the experimenter immediately provided a prompt 

following incorrect responses. Perhaps the black-out screen served to punish incorrect responses 

in CL and CT instruction, and DI instruction might have been more efficient if a similar 

consequence was included. Therefore, it is possible that the instructional task is not the sole 

reason for the differences in correct responding between the two instructional conditions and 

their associated probes. 

Third, a limitation of Experiment 1 was that intraverbal probes were not conducted 

following mastery of each state during DI instruction to determine if further intraverbal 

instruction was necessary. As a result, it cannot be ruled out that DI instruction with one state 

could have produced emergent bidirectional relations for the other two states if it produced new 

understanding that information which served as part of the fill-in-the-blank questions on some 

trials could subsequently be emitted as answers on other trials and vice versa. Although it seems 

unlikely that instruction relevant to relations about one state would produce similar performance 
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with different states, it remains possible that Sigrid, Frances, and Nathan received more DI 

instruction than necessary.   

In a related vein, DI instruction in Experiment 1 involved teaching intraverbal relations 

one state at a time because mixed instruction with all 12 relations simultaneously was deemed 

likely to be too difficult for the participants. However, it cannot be ruled out that mixed 

instruction actually would have been more efficient than teaching one state at a time. Sigrid in 

Experiment 1 failed the intraverbal probe that followed DI instruction but then passed the probe 

that followed mixed DI instruction. Although she may have performed better on the final probe 

simply because she had received more instruction and not specifically because it was mixed 

instruction, it is alternatively possible that mixed instruction produced better performance 

because its structure was more similar to the intraverbal probes. 

Conclusion 

Despite several limitations, the current experiments extend a line of research which has 

begun to investigate existing recommendations for teaching verbal behavior to children with 

ASD within an ABA framework. One of the key features of ABA is its focus on providing 

instruction which has been empirically demonstrated to be effective. These investigations are an 

important step toward enhancing the quality of education that both children with and without 

disabilities will receive in the future. Because these data run contrary to common 

recommendations made in the EIBI literature, there is a need to replicate the current experiments 

with children with ASD using more developmentally appropriate stimuli.  
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ABSTRACT 

 

EVALUATION OF TACT AND LISTENER INSTRUCTION AS A FIRST STEP TOWARD 

ESTABLISHING INTRAVERBAL RESPONDING 

by Bailey Devine, M.S., 2016 

Department of Psychology 

Texas Christian University 

Dissertation Advisor: Anna I. Pétursdóttir, Associate Professor of Psychology 

 

The present research compared the efficiency of different teaching procedures on the acquisition 

of intraverbal responses in typically developing children between the ages of five and nine years 

old. In Experiment 1, four participants were taught to categorize birds and flowers by their 

dictated state name, either receptively (as in CL instruction) or expressively (as in CT 

instruction). Following mastery of the instructional conditions, participants were tested to 

determine if either instructional condition produced untaught, yet related, verbal responses. The 

results revealed that CT instruction was more efficient than CL instruction because it produced 

emergent intraverbal, category listener and equivalence responding to criterion levels for all four 

participants, and CL instruction only did so for one participant. DI instruction was provided 

following failed intraverbal postprobes in the CL condition and produced passing performance 

on intraverbal postprobes for the three participants who required it. However, CL instruction 

followed by DI instruction was in all cases a more time-consuming way to establish intraverbal 

responses than was CT instruction alone. Experiment 2 compared CT instruction directly to DI 

instruction for three participants. Results revealed that CT instruction reliably produced passing 

performance on all postprobes for three out of three participants; however DI instruction only did 

so for two. These results suggest that an intraverbal repertoire may be taught indirectly yet 

efficiently through CT instruction.  


