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Introduction 

One way humans can come to group visual objects is through learned associations 

between the names of the objects. For example, if your friend comes home from a trip to 

Paris and tells you that they had the best macarons at a little shop next to the Eiffel Tower, 

then the next time you see macarons, you may immediately think of the Eiffel Tower. This 

process has been modeled through the use of an experimental paradigm called the intraverbal 

naming task. During the intraverbal naming task, participants are first taught to verbally label 

several visual stimuli (tact instruction), and they are then taught associations between pairs of 

verbal labels (intraverbal instruction). Participants are then given a match-to-sample (MTS) 

image-matching test in which one of the visual stimuli (the sample) is presented in the center 

of a computer screen. The participant clicks on that picture and three more visual stimuli 

appear. The correct response is to click on the visual stimulus that has the verbal label 

previously paired with the verbal label of the sample. Many adults and some preschool-age 

children pass this visual-visual MTS test, even though relations between visual stimuli have 

not been directly taught (Jennings & Miguel, 2017; Ma et al., 2016; Petursdottir et al., 2015; 

Santos et al., 2015). How do verbal associations alter our behavior toward visual objects in 

this manner? One possibility is that participants use the directly taught verbal relations to talk 

themselves through the task of grouping the visual stimuli together at the time of testing 

(Horne & Lowe, 1996). However, this would require the presence of backward verbal 

associations relative to those established in intraverbal instruction. For example, if the 

participant is taught to say or indicate verbal label B1 when presented with verbal label A1, 

the backward intraverbal relation would be to say or indicate A1 when presented with B1. 

However, children have been found to pass the image-matching test without having the 
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backward intraverbal relations (Petursdottir et al., 2015). In addition, reaction time data were 

not consistent with the use of an alternative, more time-consuming verbal mediation strategy 

that would not require backward intraverbal relations. What other behavioral events could 

mediate image-matching test performance? Through a series of studies, we have found 

converging evidence that image-matching test performance may be facilitated by the 

occurrence of visual imagery during intraverbal training (Cox & Petursdottir, 2021; Cox et 

al., in preparation; Petursdottir et al., 2019). The purpose of the proposed experiments is to 

further test this hypothesis. 

Concept Formation 

From birth, humans and nonhumans begin to form concepts based on their learning 

histories. When a group of stimuli are responded to in the same way, a class of stimuli are 

formed in which all stimuli produce the same reaction. A class of stimuli that evoke the same 

response is referred to as a concept (Keller & Schoenfeld, 1950). For example, when walking 

through a park, a person may hear a golden retriever bark, then see a child playing fetch with 

a border collie, followed by the sight of an Australian shepherd jumping in a pond, finally 

followed by the sound of a German shepherd whining for a treat. All of these sights and 

sounds are likely to evoke the verbal response “dog” by the human observer, exemplifying 

the concept of a dog. Stimulus generalization may occur such that, when first exposed to a 

wolf, fox, and a coyote, a young child may say “dog”. However, as the child ages, they may 

no longer call all of these animals a dog, as their concept of a dog has changed. Concepts can 

change as humans’ learning histories grow. The adolescent child will likely reserve the word 

“dog” for different breeds of dogs such as a chihuahua or German shepherd, and the child 

will likely develop new concepts such as “fox” that includes different breeds of foxes.  
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 Humans and nonhumans can form concepts based on shared perceptual features, 

shared relations among features, or learned associations (Zentall et al., 2002). Humans 

categorize objects based on perceptual features often. For example, if a typically developing 

adult sees an object with a flat surface supported by four perpendicular pillars, they are likely 

to verbally label this item as a table as it is perceptually similar to other items that fit in their 

concept of table. Perceptual concept formation occurs in nonhumans as well. For example, 

Bhatt et al. (1988) trained pigeons to categorize novel stimuli into four categories (cats, 

flowers, cars, and chairs) based on the perceptual features of these stimuli.  

Relational concept formation is more abstract than perceptual concept formation. In 

relational concept formation, concepts are formed based on shared relations between sets of 

stimuli. For example, in a relational learning task, participants may be taught to press a green 

button if two stimuli are the same and press a red button if two stimuli are different. 

Therefore, if the two pictures of foxes were presented, the participant would press the green 

key, but if one picture of a fox was presented next to a picture of a fish, the participant would 

press the red key. Even though a fox was presented in both trials, participants learn to 

respond based on the relation between the stimuli, not their perceptual features. As a real-

world example, when grocery shopping for fruit, a person is likely to pick out the 

strawberries and blueberries that are the biggest in relation to the other strawberries and 

blueberries, respectively. The chosen fruits now belong to the stimulus class of “best fruit”. 

While the chosen fruits don’t share any perceptual similarities, they belong to the same 

relational concept because they were both the biggest in relation to the other fruits.  

Nonhumans have also been shown to have the ability to create relational concepts. 

For example, Wright et al. (1988) trained pigeons to select comparison stimuli that were 
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identical to the respective sample stimuli. Lastly, in associative concept formation, stimuli 

are grouped based on learned associations. For example, the object lamp, the spoken word 

“lamp,” and the written word “lamp,” all belong to the associative concept of a lamp. While 

there are no perceptual or relational similarities between these exemplars, they still form a 

concept. This concept can only be formed based on a prior learning history that groups these 

three exemplars together. For example, an infant may come into contact with a lamp, but 

without any prior learning, there is no associative concept for the object to fit into. However, 

if an adult is present when the infant contacts the lamp, they may label the object with the 

spoken word “lamp” for the infant. As the infant learns that the spoken word goes with the 

object, an associative concept of lamp begins to form. As the infant ages, they will begin to 

learn to read. As they learn to read, they will come into contact with the written word “lamp”. 

Once the written word is paired with the spoken word and the object, it joins the spoken word 

and object in the associative concept of lamp. Many human concepts have both perceptual 

and associative features. For example, the concept of lamp includes many different kinds of 

perceptually similar lamps but also the spoken word and written word.  

 In associative concept learning, not all relations between stimuli must be taught for a 

stimulus class to form. Instead, only some relations may be taught while the rest emerge. For 

example, when taught that stimulus A goes with stimulus B and stimulus B goes with 

stimulus C, humans will infer that stimulus A also goes with stimulus C. In the example of 

the lamp above, when the written word “lamp” is paired with the spoken word, the relation 

between the written word and the object will likely emerge. In other words, if the child has 

already learned the relationship between the object and the spoken word and then learns the 

relationship between the spoken word and the written word, they must not also be directly 
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taught the relationship between written word and the object—this relationship will emerge 

without any instruction. This exemplifies a derived stimulus relation, that is, a relation 

between stimuli that is not directly taught.  

Stimulus Equivalence 

Sidman and Tailby (1982), suggested that networks of derived relations between 

functionally equivalent stimuli—stimulus equivalence—could be described using terms from 

mathematical set theory. Stimulus equivalence tasks are typically taught in an MTS format. 

This means that participants are taught to match one stimulus, called the sample stimulus, to 

one of a few stimuli, called the comparison stimuli. Through many training trials, participants 

are taught which comparison stimuli go with which sample stimuli. A relevant example of an 

MTS trial is a multiple-choice question on a test. The question (e.g., “What is the capital of 

Texas?”) serves as the sample stimulus, while the answer choices (e.g., “Dallas, Houston, or 

Austin”) are the comparison stimuli. Only one answer choice will result in reinforcement 

(e.g., selecting “Austin”). In stimulus equivalence tasks, a subset of relations is directly 

taught, and other relations emerge without direct teaching. For example, Sidman and Tailby 

(1982) used three classes of stimuli (A, B, and C) with three stimuli in each class (A1, A2, 

A3, etc.). A stimuli were auditory, B stimuli were visual pictures, and C stimuli were textual. 

Using an MTS training format, they directly taught their participants six baseline relations: 

the AB (A1B1, A2B2, A3B3) and AC (A1C1, A2C2, A3C3) relations. Following training, 

the authors tested their participants for emergent relations, and found that the relations 

exhibiting the defining features of stimulus equivalence emerged without direct teaching. 

There are three defining features of stimulus equivalence. The first is reflexivity. For 

a relation to be reflexive, there must be a determination that a stimulus is related to itself 
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(Sidman & Tailby, 1982). Take, for example, an identity matching task: when shown the 

picture of a lamp in the presence of three comparison stimuli (a dog, an apple, and a lamp), 

choosing the comparison picture of the lamp demonstrates a reflexive relationship in that in 

the presence of a picture of a lamp, the individual chooses the identical picture, showing that 

the picture of the lamp is related to itself. The second defining feature of stimulus 

equivalence is symmetry. Symmetric relations are those that demonstrate the backward 

relation between stimuli (Sidman & Tailby, 1982). For example, if an individual is taught 

that A goes with B, then the relation is said to be symmetric if the individual can also select 

A in the presence of B. In line with the example of the lamp, when the infant hears the word 

lamp, they may point to the lamp (i.e., demonstrating understanding of the relation from the 

spoken word to the object). As the infant learns to talk, they may demonstrate the symmetric 

relation by seeing a lamp and labeling it vocally with the word “lamp” (i.e., demonstrating 

understanding of the relation from the object to the spoken word). The last defining feature of 

stimulus equivalence is transitivity. Transitivity is demonstrated by the addition of a third 

stimulus. Once taught that A goes with B and B goes with C, a transitive relation emerges if 

the relation between A and C is inferred without direct teaching (Sidman & Tailby, 1982). 

For example, when a child is taught that the spoken word “lamp” goes with the object and the 

written word “lamp” goes with the spoken word “lamp,” the child will infer that the written 

word goes with the object. This emergent relation would be the transitive relation. 

 Reflexivity has been readily demonstrated in humans and nonhumans when arbitrary 

identity matching is trained prior to a reflexivity test (McIntire et al., 1987, Sweeney, & 

Urcuioli, 2010). However, recently, Swisher and Urcuioli (2018) conducted a study during 

which pigeons received successive matching training on three sets of nonidentical arbitrary 



 

 7 

stimuli. Following this training, the pigeons were given a test for reflexivity, which they 

passed. The results of this study indicate that prior identity matching experience may not be 

necessary for reflexivity. Transitivity has also been demonstrated in nonhumans through 

teaching procedures similar to those used in human studies (Kuno et al., 1994). Symmetry, 

however, while easily demonstrated in humans, has not been so easy to demonstrate in 

nonhumans (Lionello-DeNolf, 2009). Early studies that used procedures similar to those used 

in human studies described by Sidman and Tailby (1982) failed to demonstrate symmetry in 

nonhumans (Hogan & Zentall, 1977; Holmes, 1979; Rodewald, 1974). Other, more recent 

studies have found that with some specific procedural modifications, symmetry can emerge 

in pigeons (Campos et al., 2014; Frank & Wasserman, 2005; Urcuioli, 2008; Swisher, 2013). 

In his 2015 review, Urcuioli describes the contingencies under which symmetry emerges in 

nonhumans; these are specific temporal and spatial location contingencies. 

 Because of the difficulties and procedural modifications necessary for nonhumans to 

demonstrate symmetry relative to humans, it is possible that stimulus equivalence, as 

described by Sidman and Tailby (1982) is facilitated by human problem-solving skills, such 

as the ability to use language to solve problems (see verbal mediation hypothesis section). 

That idea, however, stands in contrast to Sidman’s (1994) proposal that stimulus equivalence 

underlies human language and explains its symbolic properties. Sidman (2000) proposed that 

equivalence relations emerge directly from the reinforcement contingency, and no mediating 

behavioral events are required to explain them. Other variables (e.g., participant’s history 

with the stimuli, preference for some stimuli, etc.) influence the strength of the learned 

relations and, subsequently, the strength of the relations that derive from the learned 
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relations. Sidman (2000) suggests that repeated exposure to the taught relations increases the 

strength of those relations resulting in the emergence of stronger equivalence relations. 

Relational Frame Theory 
Similarly to Sidman’s theory of equivalence relations, relational frame theory (RFT) 

is a non-mediational theory of derived stimulus relations; that is, it maintains that 

equivalence and other derived relations can be explained without reference to language or 

other behavioral mediating events (Hayes et al., 2001). Also similar to Sidman (2000), it 

proposes that such relations account for the symbolic and generative properties of human 

language; that is, they explain language rather than being explained by language.  However, 

RFT differs from Sidman’s (2000) theory in two ways. First, it addresses additional stimulus 

relations besides those in which the stimuli are equivalent, for example, relations of 

opposition, comparison, and deixis. Second, it rejects Sidman’s (2000) notion that stimulus 

equivalence is a primary process available across species, and instead, proposes that 

“arbitrarily applicable relational responding” (AARR) is learned human behavior. In RFT, 

relational frames are higher-order classes of operant behavior that are the product of 

reinforcement (Ingvarsson & Morris, 2004). Relational frames are established through 

multiple exemplar training, which builds a history of responding relationally. After sufficient 

teaching of bi-directional relations across multiple exemplars, derived relational responding 

can be extended arbitrarily if the context is appropriate (Barnes-Holmes et al., 2004). For 

example, after learning to identify objects that differ in physical size as “smaller than” and 

“larger than,” the contextual cues “smaller than” and “larger than” may come to control 

similar behavior toward objects that do not actually differ in physical size. RFT readily 

explains the greater ease with which equivalence is demonstrated in humans than 
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nonhumans. However, the complex relational tasks that have been used to demonstrate 

various forms of AARR have been criticized for ignoring the actual sequence of behavior 

that occurs prior to the response that is measured (Palmer, 2012). Recent data on variables 

affecting performance in such tasks are consistent with that criticism (e.g., Diaz et al., 2020; 

Meyer et al., 2019). Other hypotheses suggesting that some type of mediating behavior 

facilitates the emergence of equivalence, such as the verbal mediation hypothesis, attempt to 

address these criticisms of RFT. 

Verbal Mediation Hypothesis 

As previously stated, stimulus equivalence has been demonstrated in nonhumans 

(e.g., Campos et al., 2014; Frank & Wasserman, 2005; Swisher & Urcuioli, 2013; Urcuioli & 

Swisher, 2015); therefore, it is unlikely that the verbal mediation hypothesis holds true in all 

aspects. Nevertheless, some aspects of stimulus equivalence are more readily exhibited in 

humans than nonhumans, suggesting that some mediating behavior, either verbal or 

nonverbal, may facilitate the emergence of untrained stimulus relations in stimulus 

equivalence tasks. Several studies show evidence suggesting that verbal behavior facilitates 

stimulus equivalence test performance. For example, Mandell and Sheen (1994) found that 

stimulus equivalence is facilitated when the names of the stimuli are pronounceable. 

Additionally, Randell and Remington (1999) found that stimulus equivalence is facilitated 

when the names of the stimuli within a class rhyme. Lastly, Eikeseth and Smith (1992) 

demonstrated that when tests for equivalence are failed, teaching relevant verbal behavior 

results in passing.  

The verbal mediation hypothesis (Horne & Lowe, 1996) proposes that reinforcement 

of correct selection responses while learning baseline relations in stimulus-equivalence tasks 
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also reinforces task-related verbal behavior such as labeling the stimuli and, in some cases, 

stating the relations between them. At test, the sample stimulus in each trial may evoke this 

unintentionally trained verbal behavior, which then provides a source of stimulus control to 

guide correct stimulus selection. For example, during stimulus equivalence tasks in which 

one stimulus in each class is a spoken or written word, participants may come to apply that 

word as a name for all stimuli in the class; a process Horne and Lowe (1996) termed common 

naming. When all stimuli are non-verbal, Horne and Lowe hypothesize that participants often 

assign names to visual stimuli based on their similarity to known objects (see left panel of 

Figure 2. For example, if participants were taught that stimulus A1 (e.g., a picture of a sail 

boat or unknown object reminiscent of a sail boat) goes with stimulus B1 (e.g., a picture of a 

flower), and stimulus B1 goes with stimulus C1 (e.g., a picture of an apple), then 

reinforcement of correct selection responses during baseline teaching, may also reinforce 

verbal behavior such as labeling the stimuli and relations between stimuli (e.g., “this is a sail 

boat, and it goes with the flower.”). When testing for the emergent relation between stimulus 

A1 and stimulus C1, this untrained verbal behavior may be evoked and control correct 

responding during the test (e.g., “the sail boat goes with the flower, and the flower goes with 

the apple”) and occasion selection of a correct comparison stimulus (e.g., the apple). Horne 

and Lowe (1996) termed this process intraverbal naming, and as with common naming, 

suggested that it mediates the emergence of untrained relations in stimulus equivalence tasks 

by providing sources of stimulus control for correct selection in novel test trials.  

A task that models Horne and Lowe’s common naming mechanism was first 

described in Lowe et al. (2002) and has since been used in many basic and applied studies on 

naming. Studies using this task have demonstrated that participants can pass conventional 
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stimulus equivalence tests with visual stimuli simply after learning a common name for the 

stimuli in each class, without experiencing a learning history that involves training 

conditional discriminations among the visual stimuli (e.g., Kobari-Wright & Miguel, 2014; 

Miguel & Kobari-Wright, 2013). The intraverbal naming task (Petursdottir et al., 2015) was 

similarly designed to model the intraverbal naming mechanism in Horne and Lowe’s verbal 

mediation hypothesis by teaching participants to assign names to novel visual stimuli, and 

then teaching them intraverbal relations between pairs of verbal labels, followed by a test for 

emergent relations among the visual stimuli (i.e., the image-matching test), see Figure 1. 

Success on the image-matching test in this task has sometimes been interpreted as support for 

the verbal mediation hypothesis (e.g., Ma et al., 2016). However, simply passing the test does 

not demonstrate that the participant engaged in verbal behavior during the test, or that the test 

was passed because of that verbal behavior.  

 

 

Figure 1. Depiction of tact and intraverbal training and the image-matching test in the 

intraverbal naming task. In tact training, the labels of visual stimuli are taught (A-A’). In 

intraverbal training, the relations between verbal labels are taught (A’-B’). In the image-

matching test, subjects are tested for the emergence of A-B relations. 
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The intraverbal mechanism requires that intraverbal relations must be bidirectional 

(Horne & Lowe, 1996). This means that if participants are directly taught the relation 

between A stimuli and B stimuli and between B and C stimuli, then the participant must 

acquire intraverbal relations in which the names of A stimuli evoke names of B stimuli and 

the names of B stimuli also evoke the names of A stimuli, and similarly, B-names evoke C-

names and vice versa. When testing for emergent transitive relations, the transitive relation 

will be tested in both directions (A goes with C and C goes with A), so the intraverbal 

relations must also be bidirectional. However, participants who do not pass tests for 

bidirectional intraverbal relations can still pass the tests for the untaught relationship between 

the visual stimuli (Cox & Petursdottir, 2021; Petursdottir et al., 2015; Petursdottir et al., 

2019). For example, Petursdottir et al. (2015) taught children to label a set of nonverbal 

stimuli. Then, they taught the participants the intraverbal relations between these verbal 

labels. Finally, they tested for the emergent relations between the visual stimuli. Five 

participants were found to pass this test. Finally, participants were given a reverse intraverbal 

test to test for the emergence of bidirectional relations between the verbal stimuli. Of the five 

participants who passed the test for the emergent relations between visual stimuli, four did 

not pass the test for bidirectional relations between the verbal labels. According to Horne and 

Lowe’s hypothesis (1996), passing the test for emergent relations between the visual stimuli 

should not have been possible without the emergence of the backward intraverbal 

associations between the verbal labels as well. While this finding may not be consistent with 

Horne and Lowe’s (1996) hypothesis, that does not mean that performance in the test for 

derived relations was not verbally mediated. The joint control account of symbolic stimulus 
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relations (Lowenkron, 1988) suggests that correct responding in equivalence tests is likely to 

occur when the selected comparison evokes a response that is topographically similar to the 

response evoked by the sample. If the participant scans all comparisons and names them and 

finds one of them evokes an intraverbal response that matches the name of the sample, that 

comparison will be selected, eliminating the need for a backward intraverbal association.  

However, reaction time data in Petursdottir et al. (2015) were not consistent with this 

presumably more time-consuming route in trials that required it relative to trials that did not. 

In other words, there was no evidence that test performance was mediated by the 

participants’ verbal behavior in test trials.  One possibility is that test performance did not 

require mediation by any other participant behavior. Another possibility is that it is mediated 

by sources of stimulus control other than those arising from the participants’ verbal behavior.  

Visual Mediation Hypothesis 

During the intraverbal naming task as described previously, participants are taught to 

label a set of nonverbal stimuli and then intraverbal relations between these verbal labels. 

Participants then are given an image-matching test for the emergence of relations between 

the visual stimuli. According to the visual mediation hypothesis (Petursdottir et al., 2019), 

correct responses on this image-matching test could controlled by a non-verbal source of 

stimulus control in the form the sample evoking “conditioned seeing” (Skinner, 1953) of the 

correct comparison, see right panel of Figure 2. This perceptual response results from 

imaginal conditioning that occurs during intraverbal training; that is, as participants are 

learning the intraverbal relations between the verbal labels, they may be covertly seeing the 

visual images associated with those verbal labels together. For example, if participants are 

taught that visual stimulus A1 is called “sita” and visual stimulus B1 is called “rupo,” then in 
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intraverbal training, when the participants learn that “sita” goes with “rupo” in the absence of 

the visual stimuli, they imagine the visual stimuli associated with the labels “sita” and 

“rupo”. Imaginal conditioning produces effects that are similar to conditioning that involves 

sensory input (Lewis et al., 2013) and is used as a component of many treatments for mental 

health problems. 

Visual imagining has been found to facilitate adult subjects’ paired-associate learning 

(Engelkamp et al., 1989), which is similar to intraverbal training in the intraverbal naming 

task, as well as to facilitate the emergence of intraverbal listing of category exemplars in 

children (Kisamore et al., 2011). Both children and adults spontaneously engage in overt 

behaviors indicative of visual imagining (e.g., eye closure, gaze aversion) in problem-solving 

and recall situations (Doherty-Sneddon et al., 2002; Glenberg et al., 1998), and this behavior 

occurs more reliably in children as they grow older (Doherty-Sneddon & Phelps, 2005). In 

other words, it seems likely that participants might engage in visual imagining during 

intraverbal training in the intraverbal naming task, possibly because of prior histories in 

which visual imagining has aided learning (i.e., “operant seeing”; Skinner, 1953). According 

to the visual mediation hypothesis, visual imaging during intraverbal training later aids 

correct responding on the image-matching test because feedback on verbal responding during 

training reinforces the imagining of the corresponding stimulus compounds, and at test, 

seeing one element of an established compound presented as a sample stimulus activates 

conditioned seeing of the other element, which then guides comparison selection. The visual 

mediation hypothesis is not intended to suggest verbal mediation does not occur, but rather, 

to supplement the verbal mediation hypothesis by specifying other types of behavior that (a) 

humans may be likely to engage in when faced with learning tasks due to their prior histories, 
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and (b) may provide sources of stimulus control at test that can guide the selection of the 

correct comparison, see Figure 2.  

 

Figure 2. Depiction of individual steps for the verbal mediation and visual mediation 

processes. 

 

The visual mediation hypothesis was originally based on participants in studies that 

used the intraverbal naming task exhibiting behavior suggestive of visual imagining 

(Jennings & Miguel, 2017; Petursdottir, et al. 2015). Jennings and Miguel (2017) taught 

participants to tact sets of birds, trees, and reptiles. Following mastery, the participants were 

taught the intraverbal associations between the names of the birds, trees, and reptiles. For 

example, in one set of stimuli, participants were taught that the mockingbird goes with the 

pecan tree and the pecan tree goes with the horned lizard. Participants were then given post-

tests for emergent equivalence relations. Seven out of eight participants passed the post tests. 

The experimenters completed a post-experiment interview asking participants to describe any 

strategies they used to help them complete the post-tests. Several participants reported 

visualizing the pictures during intraverbal training. Participants in Petursdottir et al.’ (2015) 
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study were also taught to label a set of visual stimuli followed by being taught the intraverbal 

associations between the verbal labels. As reported by Petursdottir et al. (2019), several 

participants in Petursdottir et al. (2015) were observed to close their eyes during intraverbal 

instruction trials, before producing a response. The authors speculate that the participants 

may have been visualizing the visual stimuli while their eyes were closed.  

Petursdottir et al. (2019) tested a prediction of the visual mediation hypothesis by 

manipulating training sequence in the intraverbal naming task. If visual imagining facilitates 

performance on the image-matching test, it must be imperative to receive tact training prior 

to intraverbal training. This is because the visual mediation hypothesis states that the visual 

imagining that facilitates image-matching test performance occurs during intraverbal 

training, and if intraverbal training occurs prior to tact training, then the participants will not 

yet have been exposed to the visual stimuli when learning the intraverbal relations between 

the verbal labels, so visual imagining could not occur. Therefore, only if tact instruction 

occurs before intraverbal instruction would participants be expected to have conditioned 

seeing available as a source of stimulus control on the image-matching test, reducing reliance 

on verbal mediation. Participants receiving this sequence of instruction may perform better 

because they have more sources available (i.e., if one fails, the other one may provide the 

needed stimulus control), and they may perform faster because verbal mediation requires 

more steps to construct the relevant source of stimulus control at test.  

In Petursdottir et al. (2019), participants were divided into two groups. The first group 

(TI) received tact training prior to intraverbal training while the second group (IT) received 

intraverbal training before tact training. Although a significant difference between groups on 

image-matching test accuracy scores was not found, there was a significant difference in the 
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groups’ reaction times on the image-matching test with the TI group performing significantly 

faster than the IT group. This difference in reaction time could have been due to the TI 

group’s ability to use visualization during intraverbal training. If participants solved the 

image-matching test verbally, they would have to engage in a series of previously learned 

and emergent verbal responses in order to construct a source of stimulus control for correct 

image selection. If participants were visualizing the images during intraverbal training, on the 

image-matching test, the sample visual stimulus could immediately evoke conditioned seeing 

of the matching visual stimulus, resulting in faster selection. We hypothesized this 

explanation for why participants in the TI group performed significantly faster on the image-

matching test (Petursdottir et al., 2019).  

One limitation of Petursdottir et al. (2019) is that the majority of participants did not 

pass tests for baseline retention; it was unknown if the training sequence would have made a 

difference if baseline relations had been retained. A follow up study (Cox & Petursdottir, 

2021) aimed to replicate the training sequence effect with higher levels of baseline retention, 

as well as to test the generality of the effect across training formats. The number of stimuli 

was reduced from eight to six, stringency of mastery criteria was increased, and the stimuli 

were tested for perceptual similarities to ensure that all stimuli were perceptually different 

from each other and that participants did not have a predisposition to group any stimuli 

together. In Experiment 1, other methods were held constant from Petursdottir et al. (2019). 

Experiment 2 then examined if the effects found in the previous experiments would 

generalize from a vocal training format to an MTS training format. As previously mentioned, 

an MTS instruction format is commonly used in stimulus equivalence tasks, so by using an 

MTS instruction format in this study, I demonstrated the effect was not limited to trained 
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relations involving vocal responses. In both experiments, participants in the TI groups 

performed with higher accuracy on the image-matching test than the IT groups. Additionally, 

in Experiment 2, participants were found to perform significantly faster on the image-

matching test in the TI group than in the IT group. In both experiments, we found intraverbal 

retention and the emergence of reverse intraverbal relations was correlated with image-

matching test accuracy in the IT group, but not the TI group. Lastly, in Experiment 2, about 

half of participants in the TI group reported using visual imagining during intraverbal 

instruction. Those who did performed significantly better on the image-matching test than 

those who reported not using visualization.  

These two studies found preliminary evidence for the visual mediation hypothesis. 

First, all three experiments found an effect of training sequence on reaction time, accuracy, 

or both. This effect was always in favor of the TI group outperforming the IT group, 

suggesting that something about having tact instruction prior to intraverbal instruction 

facilitates test performance. Secondly, in experiment 2, participants in the TI group who 

reported using visual imagining performed significantly better than participants who reported 

not using visual imagining. Lastly, in both experiments, as well as in Petursdottir et al. 

(2015), baseline retention and/or reverse intraverbal emergence were found to be 

significantly correlated with image-matching accuracy in the IT group but uncorrelated in the 

TI group. This finding suggests that the performance of participants in the IT group was more 

dependent on intact intraverbal relations than the performance of participants in the TI group. 

In another study (Cox et al., in preparation), a third group of participants was instructed to 

use visual imagining during intraverbal training. In this study, participants who were 

instructed to use visualization significantly outperformed the other participants on the image-
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matching test. These results may further support the hypothesis that visual imagery during 

intraverbal instruction facilitates performance in the image-matching test. 

Purpose of Present Study 

The purpose of the present study was to provide additional tests of visual mediation 

hypothesis by examining the effects of interfering with verbal and visual mediation in groups 

that received the TI and IT training sequences in the intraverbal naming task. Experiment 1 

examined the effects of disrupting verbal mediation during the image-matching test, which 

was expected to impair performance more in the IT than the TI condition, due to visual 

mediation being available as an alternative mechanism in the TI condition, and Experiment 2 

examined the effects of disrupting visual imagery during intraverbal training, which was 

expected to selectively impair performance in the TI condition, due to participants in the IT 

condition not having visual imagery available in the first place. Additionally, I examined if 

self-reported vividness of visual imagery was more likely to be correlated with the 

performance of groups that had the ability to engage in visual imagining during intraverbal 

training. 

Experiment 1 

The purpose of Experiment 1 was to further test the visual mediation hypothesis by 

disrupting verbal mediation during the image-matching test portion of the intraverbal naming 

task. If visual mediation can supplement verbal mediation, then disrupting verbal mediation 

should have a greater detrimental effect on image-matching performance following the IT 

than the TI training sequence, as the latter is hypothesized to result in the availability of an 

alternative source of stimulus control at test. To test this, one group receiving TI training and 

one group receiving IT training were instructed to complete a vocal task during the image-
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matching test in order to disrupt their ability to engage in verbal behavior during the test. 

Their performance was compared to a TI and IT group who did not receive these instructions. 

I predicted that the disruption task would have a greater detrimental effect on the selection 

accuracy and/or speed of the IT group, compared to the undisrupted IT group, than on the TI 

group compared to the undisrupted TI group. Consistent with prior research, I also predicted 

a main effect of training sequence with both TI groups performing with greater accuracy 

and/or speed than the IT groups. 

Method 

Participants and Setting 

 Following approval by the Texas Christian University Institutional Review Board, 

122 participants from the Psychology department’s human subjects pool were recruited via 

the research participation software Sona-Systems or from personal contacts. Of the 122 

participants, 36 were dropped due to not completing the study, corrupt data files, or not 

sending in their data. Upon signing up for the study, participants were sent a link to a Zoom 

meeting. During the Zoom meeting, participants were sent a Qualtrics link with a consent 

form. After completing the consent form, an experimenter modeled how to download 

SuperLab Remote and start a session. Participants were then moved to individual virtual 

breakout rooms to complete the study. Participants were able to use Zoom’s “ask for help” 

feature if they needed assistance with the software. Upon completion of the experiment, 

participants were required to send the experimenter their saved data file via email. As part of 

the inclusion criteria for these experiments, participants were required to have access to a 

private space to complete the experiment and a computer with audio, microphone, and video 
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capabilities. Each participant completed one session that lasted no more than 60 minutes. The 

SuperLab 6.0 experiment software was used to program and run the experiment.  

Materials 

         Stimuli. Picture stimuli were selected based on the results of a pilot study comparing 

performance of TI and IT groups with different types of stimuli. Three stimuli were 

designated as A stimuli and labeled A1, A2, and A3 and the other three were designated as B 

stimuli and labeled B1, B2, and B3. The participants were taught the names “orga,” “huzo,” 

and “luti,” for the A stimuli and the names “rido,” “fodi,” and “poga,” for the B stimuli (see 

Figure 3). These names will be referred to as A1’ through B3’ when presented as text stimuli.  

 

Figure 3. Picture stimulus classes and their designated names. 

VVIQ. After completing the experiment, participants completed the Vividness of 

Visual Imagery Questionnaire (VVIQ; Marks, 1973). This questionnaire consisted of 32 

scenarios of which the participants were told to try to create mental images. Then, 

participants were asked to rate the vividness of the mental image on a 5-point Likert scale. A 
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high score indicates low vividness of mental imagery, whereas a low score indicates highly 

vivid mental images. 

Procedure 

The 86 participants were assigned to four groups (TI, n = 25; IT, n = 21; TI-D, n = 

24; IT-D, n = 16). The first group (IT) received intraverbal training prior to tact training in 

order to ensure that they were not able to visualize the picture stimuli during intraverbal 

training and did not receive any specific instructions to use visualization during intraverbal 

training. The second group (TI) received tact training prior to intraverbal training and did not 

receive any specific instructions to use visualization or mnemonics during intraverbal 

training. The third group (TI Disrupted) received tact training prior to intraverbal training and 

was instructed to repeat the alphabet continuously during the image-matching test in order to 

disrupt verbal mediation. The fourth group (IT Disrupted) received intraverbal training prior 

to tact training and was instructed to repeat the alphabet continuously during the image-

matching test in order to block verbal mediation. The TI Disrupted and the IT Disrupted 

group were treated the same as the TI and IT groups, except that immediately before the 

image-matching test, they saw the following instruction: “For the duration of this test (until 

you see the next set of instructions), please say the alphabet out loud continuously. Do not 

pause or stop until you see the next set of instructions.” An experimenter was present in the 

participant’s break out room for the image-matching test in all groups to confirm instructions 

were followed due to video recordings from a pilot study suggesting that participants 

generally did not follow these instructions if unmonitored. 

Overview. After completing the necessary consent and demographic forms, 

participants were prompted to read the instructions on the screen that read, “When you are 
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ready to begin, press the SPACE bar.” Participants were then taught to tact visual picture 

stimuli A1 through B3. Next, the participants were exposed to A’B’ intraverbal training, 

during which the participant learned to respond to the textual stimuli A1’, A2’, and A3’ by 

choosing the corresponding textual stimuli B1’, B2’, and B3’, respectively. All training was 

conducted in an MTS format. Once the A’B’ relations were learned, the participants were 

given an image-matching test for AB and BA conditional discriminations. After 30 image-

matching test trials, participants were given a reverse intraverbal test in which the 

participants saw the B’ stimuli and correct responses consisted of selecting the corresponding 

A’ stimuli. Participants were then given six intraverbal maintenance test trials and six tact 

maintenance test trials followed by a listener test during which participants saw stimuli A1’ 

through B3’ and responded by selecting a picture stimulus. Participants were given the 

instruction to read all instructions out loud to ensure they were attending. 

Tact training (AA’/BB’). During tact training, participants were taught to select 

textual stimuli A1’-B3’ in the presence of picture stimuli A1-B3. Trials were presented in 

blocks of six, with one presentation of each stimulus per trial block. The order of stimulus 

presentation was varied by the experiment software within each trial block. Tact training 

began with the participants being exposed to each picture stimulus paired with the matching 

textual stimulus. Participants saw the following instruction: “You are going to see some 

pictures paired with words. Please try to remember what you see. Press the spacebar when 

you are ready to begin”. Participants saw each stimulus pair on the screen for 3 s. The textual 

stimulus appeared simultaneously with the onset of the picture stimulus directly below the 

picture stimulus. There was a 1-s ITI between the offset of one picture stimulus and the onset 

of the next. After being exposed to each of the six pairs of picture and textual stimuli, the 
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participants saw the following instruction: “You will now see the name of the pictures again, 

one at a time. Please click on the image that goes with each word. If you choose the incorrect 

picture, the correct one will be presented before the start of the next trial”. A trial began with 

the presentation of one of the picture stimuli; participants were then presented with three 

comparison textual stimuli across the bottom of the screen and had 3 s to click the correct 

textual stimulus. For A and B picture stimuli, A’ and B’ textual stimuli were presented as 

comparisons, respectively. Comparisons were randomly assigned to locations in the corners 

of the screen in each trial (see Figure 4 for an example of a tact trial). If the participant did 

not click on the correct comparison stimulus within the 3-s interval, the software displayed a 

screen showing the visual sample again with the correct textual comparison stimulus directly 

below it. If the participant chose the correct response within the allotted time, the software 

automatically moved to the next trial. Training continued in this manner until participants 

responded with 100% accuracy across 30 trials.  

Tact Training Trial: Sample Tact Training Trial: Comparisons 

   

 

Figure 4. Example of a tact training trial. The left panel shows the sample. When the 

participants clicked on the sample, it disappeared, and the comparisons were immediately 

presented (as seen in the right panel). 
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Intraverbal training (A’B’). During intraverbal training, participants were taught to 

select the B’ textual stimuli in response to seeing A’ textual stimuli. Trials were presented in 

blocks of three, with one presentation of each A’ stimulus as the sample per trial block. The 

order of stimulus presentation varied across trial blocks. To begin intraverbal training, 

participants were exposed to each pair of textual stimuli. Participants saw the following 

instruction: “You will see three pairs of words. Please attend carefully and try to remember 

what you see.” Each A’ textual stimulus was displayed next to its corresponding B’ stimulus. 

The pair of textual stimuli was on the screen for 3 s. There was a 5 s ITI between each pair of 

textual stimuli. Following exposure to the intraverbal pairs, participants saw the following 

instruction: “You will now see one of the words in each pair. Please click on the other word 

in the pair. If you choose the incorrect word, the correct one will be presented before the start 

of the next trial.” Participants in the IT-V group got an extra instruction that said, “Each time 

you see or select one of the words in the pair, try to imagine the picture that goes with that 

word in your head.” Participants in the TI-M group saw the following additional instruction: 

“Each time you see or select one of the words in the pair, try to think of a familiar word that 

starts with the same letter and use the familiar words to help remember the word pairs”. As 

with all instructions, participants were instructed to read the instructions aloud to ensure that 

they read every set of instructions. A trial began with the presentation of one of the A’ textual 

stimuli; participants then clicked on the stimulus. The A’ stimulus disappeared followed by 

all three B’ stimuli in the corners of the screen. Comparisons were randomly assigned to 

different corners of the screen in each trial (see Figure 5 for an example of an intraverbal 

training trial). Participants had 3 s from the onset of the comparison stimuli to select a 
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stimulus. If the participant did not select the correct response within the 3 s interval, the 

sample was represented with the correct stimulus next to it. If the participant selected the 

correct response within the allotted time, the experiment software moved on to the next trial. 

Training continued in this manner until participants respond with 100% accuracy across 15 

trials. 

 

 

 

 

 

Intraverbal Training Trial: Sample Intraverbal Training Trial: Comparisons 

   

 

Figure 5. Example of an intraverbal training trial. The left panel shows the sample. When the 

participants clicked on the sample, it disappeared, and the comparisons were immediately 

presented (as seen in the right panel). 
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Image-matching test (AB/BA). The image-matching test consisted of 30 trials, 

which were grouped in trial blocks of 6 trials. Trials were randomized within each trial block, 

with each picture stimulus presented as the sample one time. B stimuli served as comparisons 

for A samples and vice versa. The image-matching test began with instructions that said, 

“you will now see one picture in the middle of your screen. Click on that picture, and then 

three more will appear at the bottom of the screen. Choose the picture that you think goes 

with the first picture. You will not be told if you are correct or incorrect, but please do your 

best to respond correctly. Press the spacebar when you are ready to begin.” A trial began with 

the presentation of a sample picture stimulus in the middle of the screen. Participants had as 

long as they want to look at the sample. When they were ready, participants clicked on the 

sample stimulus and 3 comparison stimuli appeared across the bottom of the screen. 

Comparison stimuli were presented in varying locations in the corners of the screen across 

the image-matching test. Participants had 5 s from the onset of the comparison stimuli to 

make a selection. There was no error correction or reinforcement for image-matching test 

trials. If participants did not respond within 5 s, the next trial commenced. After clicking on a 

comparison stimulus, participants were prompted to press the spacebar to begin the next trial. 

Reverse intraverbal test (B’A’). The reverse intraverbal test, which tested the 

symmetrical counterparts of the trained intraverbal relations, occurred immediately following 

the image-matching test. One block of 6 trials was presented in the same manner as 

intraverbal training with two exceptions: the B’ stimuli were presented as the samples, while 

the A’ stimuli served as the comparisons, and there was no error correction for incorrect 

responses or reinforcement for correct responses.  
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Tact and intraverbal maintenance. Tact maintenance occurred immediately 

following the reverse intraverbal test. One block of 6 trials was presented in the same manner 

as tact training; however, no error correction was provided for incorrect responses, and no 

reinforcement was provided for correct responses. Intraverbal maintenance occurred 

immediately following tact maintenance. One block of six trials was presented in the same 

manner as intraverbal training; however, no error correction was provided for incorrect 

responses, and no reinforcement was provided for correct responses.  

Listener test (A’A/B’B). The listener test, which tested the symmetrical counterpart 

of the trained tact relations, occurred immediately following the intraverbal maintenance test. 

One block of 6 trials was conducted. A picture stimuli served as comparisons for A’ textual 

stimuli, and B picture stimuli served as comparisons for B’ textual stimuli. First, participants 

saw the following instructions, “you will now see one of the words in the center of your 

screen. Click on the word, and then 3 pictures will appear. Click on the picture that goes with 

the word that you saw. You will not be told if you are correct or incorrect, but try your best to 

respond correctly.” A trial began with the presentation of a textual stimulus in the center of 

the screen. The participant clicked on the stimulus, and then three picture stimuli appeared in 

the corners of the screen. The participant had 5 s to click on one of the comparisons. No error 

correction was provided for incorrect responses, and no reinforcement was provided for 

correct responses.  

Exit interview. Following the listener test, all participants were given the link to an 

exit interview on Qualtrics with the following questions:  

1. In the last part of the study, you first saw an image and were then asked to 

click on the matching image. How did you know which one to click? 
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2. When you were memorizing which words went together, was there anything 

you did to help you remember? 

3. When you were memorizing which words went together, did you at any point 

try to visualize the images together?  

VVIQ. The VVIQ was administered after the exit interview in the same Qualtrics 

survey.  

Data Analysis 

Effects of the experimental manipulation on the dependent measures, image-matching 

test accuracy and reaction times, were analyzed using a two-way (disruption X sequence) 

ANOVA or ANCOVA. Tact and intraverbal retention were included as covariates if they 

were significantly correlated with the DV (when analyzed across all groups) or if the groups 

differed significantly on the retention test.  

Data on retention and symmetry tests were also analyzed using two-way (disruption 

X sequence) ANOVAs to identify any differences between groups as a result of the 

experimental manipulations. Effects of training sequence on the number of training trials to 

criterion data were analyzed using independent samples t-tests.  

If ANOVA assumptions were not met (Levene’s test for homogeneity of variance was 

significant and/or significantly skewed distributions), data were transformed using a square 

root  (first) or log base 10 (second) transformation. If neither transformation resulted in 

assumptions being met, a one-way nonparametric test (Kruskal-Wallis) was conducted 

instead of the ANOVA (this occurred only in analyses of retention and symmetry test 

performance) 
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To examine if groups differed in their dependence on the trained and symmetric verbal 

relations at test, within-group bivariate correlations were computed for the relation between 

each of the dependent measures and (a) combined performance on the tact retention and the 

symmetrical listener test, and (b) combined performance on the intraverbal retention and the 

symmetrical reverse intraverbal test.  

Results 

Baseline training and retention 

There was no significant difference between groups on tact trials to criterion (p = 

.28). However, the IT groups received significantly more intraverbal trials to criterion than 

the TI groups, t = -2.68, p = .01.  

There were no significant differences in tact retention between groups, ps ≥ .22. 

There was a significant difference between groups on intraverbal retention, H = 11.29, p = 

.01 with the IT-D group performing significantly worse than the TI and TI-D groups (see 

Table 1 for means and standard deviations; see Figure 6 for retention data). The majority of 

participants passed both maintenance tests (at least 5 out of 6 trials correct). Specifically, 20 

participants in the TI group (80%), 15 in the IT group (71%), 18 in the TI Disrupted group 

(75%), and 12 in the IT Disrupted group (75%) passed both maintenance tests. The 

proportion of participants who passed both retention tests did not differ between groups (χ2 = 

.47, p = .93). 
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Figure 6. Average retention test scores across groups in experiment 1. Error bars represent 

standard error.  

 

Table 1 
 
Means and Standard Deviations for trials to criterion, retention tests, reverse intraverbal test, and listener test for 
Experiment 1 

 TI  IT  TI-Disrupted  IT-Disrupted 

  Mean Standard 
Deviation   Mean Standard 

Deviation   Mean Standard 
Deviation   Mean Standard 

Deviation 
Tact Trials 
to Criterion 131.64 81.38  115.95 108.50 

 
172.08 137.94 

 
141.45 115.55 

Intraverbal 
Trials to 
Criterion 

55.76 30.26  110.19 108.67 
 

63.13 40.47 
 

99.00 73.55 

Total Trials 
to Criterion 187.40 91.67  226.14 143.42 

 
235.21 143.48 

 
243.31 139.04 

Tact 
Maintenance 
Test 

89.33% 17.92  95.23% 9.34 
 

90.28% 15.48 
 

92.71% 8.54 

Intraverbal 
Maintenance 
Test 

91.33% 17.92  83.33% 26.87 
 

93.75% 9.60 
 

77.08% 20.97 

Reverse 
Intraverbal 
Test 

86.00% 25.31  77.78% 30.43 
 

77.78% 25.85 
 

64.58% 24.25 

Listener 
Test 89.33% 19.17   96.83% 6.71   94.44% 9.41   96.88% 6.72 
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Image-Matching Test 

Participants who scored at least 90% correct on the image-matching test were 

considered to have passed the test. Seven participants (28%) in the TI group, five participants 

(24%) in the IT group, zero participants (0%) in the TI-Disrupted group, and 1 (6%) 

participant in the IT-Disrupted group passed. The proportion of participants who passed in 

the TI and IT groups was significantly greater than the disrupted groups (χ2 = 9.73, p = .02). 

Data in the TI group were negatively skewed with a large cluster of individual data points 

between 80% and 100%. Data in the IT and TI-Disrupted groups were approximately 

normally distributed, and data in the IT-Disrupted group had a slight positive skew with a 

large cluster of individual data points around 30% (see Figure 6). 

Image-matching test accuracy was not significantly correlated with either tact or 

intraverbal maintenance, ps ≥ .06. However, intraverbal maintenance was included as a 

covariate in the analysis of image-matching accuracy because the groups differed 

significantly on this variable. The two-way between subjects ANCOVA (training sequence X 

disrupted) was conducted on square-root transformed data. There was a significant main 

effect of disruption of moderate size, F = 8.25, p < .01, η2p = .09, with the disrupted groups 

performing significantly worse than the non-disrupted groups when controlling for 

intraverbal retention (Disrupted M = 40.42%; Non-Disrupted M = 61.38%), see Figure 7. 

There was no significant interaction (p = .27) or main effect of training sequence (p = .43). 
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Figure 7. Image-test accuracy scores across groups in Experiment 1. Bars represent means 

for each group. Data points represent individual participant scores. The figure shows 

untransformed scores; square-root transformed scores were used in statistical analysis. 

 

Reaction time and accuracy were not significantly correlated, p = .17. Additionally, 

image-matching test reaction time was not significantly correlated with either tact or 

intraverbal maintenance, ps ≥ .14. Individual median reaction times on the image-matching 

test were normally distributed in each group except for the TI-Disrupted group which had a 

slight positive skew. The disrupted groups had larger ranges in median reaction times than 

the non-disrupted groups. Intraverbal retention was included in a two-way between-subjects 

ANCOVA (training sequence X disruption) because the groups differed on this variable. 

There was a significant main effect of training sequence of moderate size, F = 5.95, p < .05, 

η2p = .07, when controlling for intraverbal retention, with the IT groups performing 

significantly slower on the image-matching test than the TI groups (IT M = 1791.93 ms; TI 
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M = 1457.47 ms), see Figure 8. There was no significant interaction (p = .299) or main effect 

of disruption (p = .950). 

 

Figure 8. Reaction times during the image-matching test in Experiment 1. Bars represent the 

average median reaction time in each group. Data points represent individual participant 

median reaction times. 

Emergence of Reverse Intraverbals and Listener Relations 

Reverse intraverbal test scores were significantly correlated with intraverbal retention 

(r = .56, p < .001). A two-way between subjects ANOVA (training sequence X disrupted) 

was conducted on reverse intraverbal test accuracy. After log base 10 transformation, there 

was a significant main effect of training sequence (p < .05) with the TI groups performing 

significantly more accurately than the IT groups (TI M = 83.68%, SD = 22.93; IT M = 

70.18%, SD = 30.30). There was also a significant main effect of disruption (p < .05) with 

the non-disrupted groups performing significantly more accurately than the disrupted groups 

(Non-Disrupted M = 82.25%, SD = 27.76; Disrupted M = 72.50%, SD = 25.75).  There was 

no significant interaction (p = .36), see Figure 9. 
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Figure 9. Mean score on the reverse intraverbal test and the listener test in each group in 

Experiment 1. Error bars represent the standard error.  The figure shows untransformed 

scores; log base 10 transformed scores were used in statistical analysis of reverse 

intraverbal test scores. 

Bivariate correlations were conducted between listener test scores and tact retention. 

Listener test scores were significantly correlated with tact retention (r = .50, p < .001). There 

was no significant difference between groups on a Kruskal-Wallis test (p = .53), see Figure 9. 

Within-Group Correlations Between Baseline Retention and Dependent Measures 

Image-matching test accuracy was positively correlated with combined intraverbal 

retention and reverse intraverbal test performance in the TI group only (r = .47, p = .02), and 

not significantly correlated with tact retention and listener relations in any group (see Table 

2). Reaction times were positively correlated with combined tact retention and listener test 

performance in the TI group only (r = .42, p = .04), and not significantly correlated with the 

intraverbal measure.  

Table 2     
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Pearson Correlation Coefficients for Baseline Retention and Emergent Relations Performance 
Measures in Experiment 1 

   Image-Matching 
Test Accuracy 

Median 
Reaction 

Time 
TI  Reaction Time 1.00  

 Image-Matching Test Accuracy 0.36 1.00 
 Reverse Intraverbal and Intraverbal Retention 0.37 .47* 
 Listener Test and Tact Retention .42* 0.30 

IT Reaction Time 1.00  
 Image-Matching Test Accuracy -0.35 1.00 
 Reverse Intraverbal and Intraverbal Retention 0.02 0.01 
 Listener Test and Tact Retention -0.06 0.13 

TI-Disrupted Reaction Time 1.00  
 Image-Matching Test Accuracy .48* 1.00 
 Reverse Intraverbal and Intraverbal Retention 0.27 0.21 
 Listener Test and Tact Retention 0.03 0.18 

IT-Disrupted Reaction Time 1.00  
 Image-Matching Test Accuracy 0.03 1.00 
 Reverse Intraverbal and Intraverbal Retention -0.16 0.50 

  Listener Test and Tact Retention 0.18 -0.05 
Note: * indicates significance at the .05 level 

Exit interview 

Only one participant, who was in the TI group, reported visualizing the images during 

intraverbal training when asked if there was anything they did to help them remember the 

word pairs. However, in response to the third, leading question of whether the participants 

visualized the images during intraverbal training, five participants in the TI group, four 

participants in the IT group, six participants in the TI-Disrupted group, and five participants 

in the IT-Disrupted group reported visualizing the images during intraverbal training. 

VVIQ 

Bivariate correlations were computed between VVIQ scores, image-matching test 

performance, and reaction times for all groups. There were no significant correlations. 
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Discussion 

Contrary to prediction, the disruption task did not differentially affect the 

performance of the IT and the TI groups. Instead, the task disrupted both groups’ accuracy 

equally, and did not affect either group’s speed of responding. Both of the disrupted groups 

performed significantly worse on the image matching test than their non-disrupted 

counterparts, which could indicate either that both groups’ performance relied equally on 

verbal behavior at test, or that the task interfered with attention to the image stimuli 

regardless of which sources of stimulus control were available. Reaction time was unaffected 

by disruption, but the TI groups performed significantly faster on the image-matching test 

than their IT counterparts, replicating previous findings (Cox & Petursdottir, 2021; 

Petursdottir et al., 2019).  

The fact that the TI-Disrupted group performed with speed equal to that of the TI 

group, may suggest that whichever variable was responsible for the faster responding of the 

TI relative to the IT group remained present in the face of disrupted matching accuracy. This 

could be because the TI group had an additional source of stimulus control available 

(consistent with the visual mediation hypothesis) that continued to be available in the 

disruption condition even though the disruption still interfered with correct responses. 

Alternatively, some other variable could have been responsible for the training sequence 

effect. Differences in intraverbal maintenance, although they differed between groups, can be 

ruled out as a source of the effect as they were controlled for in statistical analysis. However, 

it cannot be ruled out that some other variable associated with the greater recency of 

intraverbal instruction in the TI groups was responsible for this effect.   
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In previous studies (Cox & Petursdottir, 2021; Petursdottir et al., 2019), intraverbal 

retention and/or emergence of reverse intraverbals was significantly correlated with image-

matching accuracy in the IT groups but uncorrelated in the TI groups, suggesting that 

retention of the intraverbal relations was more important to correct responding following the 

IT sequence. This finding indirectly supported the visual mediation hypothesis by suggesting 

some non-verbal source of stimulus control was available to guide responding in the TI 

groups. In the present study, however, this correlation was present only in the TI group, 

which contradicts the hypothesis. Additionally, performance on tact maintenance and listener 

tests was positively correlated with image-matching reaction time in the TI group.  

The exit interview revealed that a smaller proportion of participants reported 

visualizing compared to previous studies. Additionally, participants in the IT group were just 

as likely to report visualizing the images during intraverbal training as participants in the TI 

group, suggesting their verbal reports may not have been accurate. 

In summary, the verbal disruption task did not differentially affect the TI and IT 

groups’ performance. The training sequence effect on reaction times was replicated from 

previous studies (Cox & Petursdottir, 2021; Petursdottir et al., 2019), and retained in the face 

of verbal disruption, but whereas previous studies found evidence that the effect might be 

related to greater reliance on verbal relations in the IT groups, the present data suggested the 

opposite. Overall, the data from Experiment 1 provided little support for the visual mediation 

hypothesis. 

Experiment 2 

The purpose of Experiment 2 was to further test the visual mediation hypothesis by 

disrupting visual imagining during intraverbal training. If visual imagining during training 
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results in availability of sources of stimulus control at test that enhance image-matching 

accuracy and speed, then participants whose ability to engage in visual imagining is disrupted 

should perform slower and less accurately than participants whose visual imagining is not 

disrupted. To test this, two groups were included (one receiving TI training and one receiving 

IT training) whose ability to visually imagine during intraverbal training was disrupted by a 

distractor task, and their performance compared with TI and IT groups that did not receive 

the distractor task. Participants in the disrupted groups were instructed to visualize colored 

circles during intraverbal training to disrupt their ability to visualize the picture stimuli. I 

predicted that the distractor task would selectively impair the image-matching accuracy 

and/or speed of the disrupted TI group, compared to the undisrupted TI group. The disrupted 

IT group’s performance was predicted to be unaffected, relative to the undisrupted IT group, 

as the IT training sequence already precluded task-relevant visual imagining during 

intraverbal training.  

Method 

Participants and Setting 

 Following approval by the Texas Christian University Institutional Review Board, 

135 adults were recruited from the Psychology department’s human subjects pool via the 

research participation software Sona-Systems in the same manner as experiments 1 and 2. Of 

the 135 participants, 55 were dropped due to not completing the study, corrupt data files, or 

not sending in their data. The same inclusion criteria were used from experiments 1 and 2. 

Likewise, the same experimental software was used in the same manner.  Each participant 

completed one session that lasted no more than 60 minutes. 
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Stimuli 

           The same visual and textual stimuli were used from experiments 1 and 2.  

Procedure 

The 80 participants were assigned to four groups. The first group (IT, n = 20) 

received intraverbal training prior to tact training in order to ensure that they were not able to 

visualize the picture stimuli during intraverbal training and did not receive any specific 

instructions to use visualization in any way. The second group (TI, n = 22) received tact 

training prior to intraverbal training and did not receive any specific instructions to use 

visualization in any way. The third group (TI Visualization Disrupted: TI-VD, n = 20) 

received tact training prior to intraverbal training and was instructed to visualize two circles 

that are the same color as the two words in the pair continuously during intraverbal training 

in order to block visual mediation. The fourth group (IT Visualization Disrupted: IT-VD, n = 

18) received intraverbal training prior to tact training and was instructed to visualize two 

circles that are the same color as the two words in the pair continuously during intraverbal 

training in order to control for any additional effects instructing participants to visualize the 

colored circles during intraverbal instruction may have on performance.  

All procedures were held constant from experiment 1 with the following changes: 

1. Textual stimuli during intraverbal training were all different colors (for all 

groups). Colors were varied by the experimental software from trial to trial. 

2. The TI-V and TI-M groups were replaced with the TI Disrupted Visualization 

and IT Disrupted Visualization groups. 
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3. Immediately before intraverbal instruction, the disrupted groups saw the 

following instruction: “As you select a word to complete each pair, try to 

visualize two circles that are the same color as the two words in the pair.” 

4. In the exit interview, a fourth question was added that said “When you were 

learning the word pairs, did you at any point try to visualize two circles that 

were the same colors as the words in the pair?” 

Data Analysis 

Data were analyzed in the same way as Experiment 1 except for trials to criterion 

data. Data on trials to criterion were analyzed using a one-way ANOVA.  

Results 

Baseline training and retention 

There were no differences between groups on tact or intraverbal trials to criterion, (ps 

> .05). There were no significant differences between groups on retention tests, ps ≥ .23 (see 

Table 3 for means and standard deviations). The majority of participants passed both 

maintenance tests (at least 5 out of 6 trials correct). Specifically, 18 participants in the TI 

group (81.82%), 13 in the IT group (65.00%), 18 in the TI-DV group (90.00%), and 9 in the 

IT-DV group (50.00%) passed both maintenance tests. The proportion of participants who 

passed both maintenance tests in TI groups was significantly greater than the IT groups (χ2 = 

9.16, p < .05). 

 

 

 

 



 

 42 

 

 

 Image-matching test and other emergent relations 

Participants who scored at least 90% correct on the image-matching test were 

considered to have passed the test. Seven participants (32%) in the TI group, four participants 

(20%) in the IT group, four participants (20%) in the TI-DV group, and four participants 

(22%) in the IT-DV group passed this test. There were no differences between groups in the 

proportion of participants who passed the image-matching test (p = .12). Data in the TI and 

TI-DV groups were negatively skewed with a large cluster of individual data points between 

Table 3 
 
Means and Standard Deviations for trials to criterion, retention tests, reverse intraverbal test, and listener test for 
Experiment 2 
 TI  IT  TI-VD  IT-VD 

  Mean Standard 
Deviation   Mean Standard 

Deviation   
Mean Standard 

Deviation   
Mean Standard 

Deviation 

Tact Trials 
to Criterion 175.41 134.93  112.05 93.04 

 
158.15 127.40 

 
122.78 69.92 

Intraverbal 
Trials to 
Criterion 

61.59 53.78  71.60 29.86 

 

63.15 40.13 

 

71.06 10.16 

Total Trials 
to Criterion 237.00 150.52  183.65 105.78 

 
221.30 135.66 

 
193.83 92.65 

Tact 
Maintenance 
Test 

90.15% 23.38  85.56% 21.70 

 

93.75% 10.32 

 

91.11% 12.39 

Intraverbal 
Maintenance 
Test 

93.18% 11.10  78.89% 33.61 

 

90.63% 22.75 

 

80.00% 28.31 

Reverse 
Intraverbal 
Test 

90.15% 19.69  68.89% 38.76 

 

84.38% 30.71 

 

75.56% 28.08 

Listener 
Test 90.15% 15.14   90.00% 15.17 

  
94.79% 13.22 

  
91.11% 18.76 
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80% and 100%. Data in the IT group were normally distributed, and data in the IT-DV group 

positively skewed with a large cluster of individual data points around 40%. 

Image-matching test accuracy was significantly correlated with tact retention (r = .39, 

p < .001) and intraverbal retention (r = .43, p < .001). Additionally, tact maintenance was 

significantly correlated with reaction time (r = .38, p < .001). As a result, these variables 

were included as covariates in ANCOVAs. 

For image-matching test accuracy, controlling for tact and intraverbal retention, there 

were no significant main effects of training sequence or disruption, and no significant 

interaction (ps ≥ .52), see Figure 10. 

 

Figure 10. Image-test accuracy scores across groups in Experiment 2. Bars represent means 

for each group. Data points represent individual participant scores. 

 

Individual median reaction times were normally distributed in all groups. 

Additionally, reaction times were positively correlated with image-matching test accuracy (r 

= .38, p < .001) Controlling for tact retention, there was no significant main effect of either 
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training sequence or disruption on reaction times, but there was a significant interaction 

between training sequence and disruption (F = 5.70, p < .05, η2p = .07), with the TI group 

performing significantly faster than all other groups, see Figure 11. 

 

Figure 11. Reaction times during the image-matching test in Experiment 2. Bars represent 

the average median reaction time in each group. Data points represent individual participant 

median reaction times. 

Emergence of Reverse Intraverbals and Listener Relations 

Bivariate correlations were conducted on each group between reverse intraverbal test 

scores and intraverbal retention. Reverse intraverbal test scores were significantly correlated 

with intraverbal retention (r = .72, p < .001). 

Using log base 10 transformed data, there was a significant main effect of sequence 

on reverse intraverbal test performance, with the TI groups performing significantly better 

than the IT groups, (F = 4.98, p < .05, η2p = .06), see Figure 10.   
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Figure 12. Mean score on the reverse intraverbal and listener tests in each group in 

Experiment 2. Error bars represent the standard error. The figure shows untransformed 

scores; log base 10 transformed scores were used in statistical analysis of reverse 

intraverbal test scores. 

 

Listener test scores were significantly correlated with tact retention (r = .31, p < .01). 

There were no significant main effects of training sequence or disruption on listener test 

accuracy, nor was there a significant interaction (ps ≥ .27), see Figure 12. 

Within-Group Correlations Between Baseline Retention and Dependent Measures 

Image-matching test accuracy was positively correlated with combined tact and 

listener test performance in the IT, TI-VD, and IT-VD groups (ps ≤ .05), and positively 

correlated with combined intraverbal retention and reverse intraverbal test performance in the 

TI, IT, and IT-VD groups (ps ≤ .03), see Table 4. Reaction times were positively correlated 

with combined tact retention and listener test performance in the TI, IT, and TI-VD groups 

(ps ≤ .02).  
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Table 4     
Pearson Correlation Coefficients for Baseline Retention and Emergent Relations Performance 
Measures in Experiment 1 

   Image-Matching 
Test Accuracy 

Median 
Reaction Time 

TI  Reaction Time 1.00 .67** 
 Image-Matching Test Accuracy .67** 1.00 
 Reverse Intraverbal and Intraverbal Retention 0.34 .483* 
 Listener Test and Tact Retention .57** 0.33 

IT Reaction Time 1.00 .56* 
 Image-Matching Test Accuracy .56* 1.00 
 Reverse Intraverbal and Intraverbal Retention 0.39 .64** 
 Listener Test and Tact Retention .60** .47* 

TI-Disrupted Reaction Time 1.00 0.34 
 Image-Matching Test Accuracy 0.34 1.00 
 Reverse Intraverbal and Intraverbal Retention 0.34 0.27 
 Listener Test and Tact Retention .52* .47* 

IT-Disrupted Reaction Time 1.00 0.16 
 Image-Matching Test Accuracy 0.16 1.00 
 Reverse Intraverbal and Intraverbal Retention -0.11 .51* 

  Listener Test and Tact Retention 0.31 .47* 
Note. * indicates significance at the .05 level 
          ** indicates significance at the .001 level 
 

Exit Interview 

Four participants in the TI group, seven participants in the IT group, eight participants 

in the TI-VD group, and seven participants in the IT-VD group reported visualizing the 

images during intraverbal training. Zero participants in the TI group, two participants in the 

IT group, three participants in the TI-DV group, and two participants in the IT-DV group 

reported visualizing colored circles during intraverbal training. Many participants reported 

that this was a difficult task that they were frustrated with due to it not aiding in learning the 

word pairs. These participants often reported that due to frustration, they stopped trying to 
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visualize the circles before intraverbal training was over. These participants were scored as 

not visualizing the circles since they did not do the task throughout intraverbal training. 

VVIQ 

 Bivariate correlations were computed between VVIQ scores, image-matching test 

performance, and reaction times for all groups. There were no significant correlations. 

Discussion 

 Consistent with the predicted results, the disruption task increased reaction times in 

the TI condition but had no effect on reaction times in the IT condition. The disrupted TI 

group performed with similar speed as the IT groups. This could mean that when visual 

mediation is disrupted, participants rely on verbal mediation to complete the image-matching 

test. In other words, the only group that had the ability to engage in undisrupted, task-

relevant visual imagining during intraverbal training performed faster than the other groups, 

which could indicate that they were less dependent on engaging in verbal behavior during the 

test. This finding provides support for the visual mediation hypothesis. 

 There was not a significant main effect of disruption or training sequence on image-

matching test accuracy; that is, the TI group that was able to engage in undisrupted visual 

imagining did not perform any better than the other groups. While there was not a significant 

difference between groups on image-matching test accuracy, many more participants in the 

TI group passed the image-matching test compared to the TI-VD group. In previous studies, 

the training sequence effect has been present variously in image-matching test accuracy or 

reaction times. In this experiment, the means were higher in the TI than in the IT groups but 

when controlling for baseline tact and intraverbal retention, the difference was not 

statistically significant. Inconsistent with prior research, more participants in the TI groups 
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passed both retention tests than participants in the IT groups. It is unclear why this difference 

was present in this experiment. 

The exit interview revealed that, as in Experiment 1, few participants overall reported 

visualizing the picture stimuli during intraverbal training. Additionally, participants in the IT 

groups were just as likely to report visualizing the images during intraverbal training as 

participants in the TI groups suggesting their verbal reports may not have been accurate. 

In summary, the visual mediation disruption task differentially affected the TI and IT 

group’s reaction time, supporting the visual mediation hypothesis. There was not a 

significant difference between groups on image-matching test accuracy, but this is consistent 

with prior studies that found effects on either reaction times or accuracy. Overall, Experiment 

2 provided support for visual mediation hypothesis. 

General Discussion 

 The purpose of Experiments 1 and 2 was to further examine the visual 

mediation hypothesis by disrupting visual mediation and verbal mediation and assessing 

these effects on performance on the image-matching test. In Experiment 1, I predicted that 

the disruption task would have a greater detrimental effect on the selection accuracy and/or 

speed of the IT group, compared to the undisrupted IT group, than on the TI group compared 

to the undisrupted TI group. Consistent with prior research, I also predicted a main effect of 

training sequence with both TI groups performing with greater accuracy and/or speed than 

the IT groups. However, the verbal disruption task did not differentially affect the TI and IT 

groups’ performance, so this hypothesis was not supported. The training sequence effect on 

reaction times was replicated from previous studies. In Experiment 2, I predicted that the 

distractor task would selectively impair the image-matching accuracy and/or speed of the 
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disrupted TI group compared to the undisrupted TI group. The disrupted IT group’s 

performance was predicted to be unaffected, relative to the undisrupted IT group, as the IT 

training sequence already precluded task-relevant visual imagining during intraverbal 

training. This prediction was supported in the reaction time data where the distractor task 

selectively impaired the image-matching test speed of the disrupted TI group compared to the 

undisrupted TI group, and the IT group’s performance was unaffected.  

The finding that the verbal mediation disruption task affected both the TI and IT groups 

equally, could mean that test performance relies heavily on verbal behavior regardless of 

training sequence. Another potential explanation for why both of the disrupted groups 

performed significantly worse on the image-matching test than the non-disrupted groups in 

Experiment 1 could be due to the difficulty of the disruption task. Saying the alphabet while 

also trying to complete the image-matching test may be so difficult that participants could not 

perform above chance level, resulting in no significant interaction. This disruption task may 

not have selectively disrupted. verbal behavior, but instead, disrupted attention to the stimuli 

or motivation to respond correctly. The response effort may have been too high for some 

participants resulting in them not trying to choose the correct comparisons. Due to the 

difficulty of the disruption task, it is plausible to assume that participants engaging in this 

task would have slower reaction times than TI group who did not have to engage in the 

disruptive task.  

While there was not a significant sequence effect, data in the TI group were more 

negatively skewed with a large cluster of participants passing the image-matching test as 

compared to the IT group. 
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 Across both experiments, there was a main effect of training sequence on image-

matching test reaction times. This finding is consistent with prior research that has often 

found this same training sequence effect on reaction times and/or image-matching accuracy 

(Cox & Petursdottir, 2021; Petursdottir et al., 2019). This finding is consistent with the visual 

mediation hypothesis which predicts that the TI groups will perform faster on the image-

matching test than IT groups due to their ability to visualize the images during intraverbal 

training. Covertly seeing the images together prior to the image-matching test should provide 

an additional source of stimulus control to guide correct responding during the image-

matching test, subsequently speeding up reaction times.  

 While neither experiment found a main effect on image-matching test accuracy, this 

could be because all participants had 5 s to choose a comparison stimulus during the image-

matching test. It could be that 5 s is enough time to choose the correct response regardless of 

the source of stimulus control that guides responding. This hypothesis is supported by the 

fact that no participant in any group had a median reaction time of more than 4000 ms, 

meaning 5 seconds was long enough for participants who were engaging in verbal mediation 

to choose the correct stimulus. If 5 s is sufficient time to permit solving the task verbally, 

there should not be a difference in accuracy between groups on the image-matching test as 

long as the trained relations remain intact. On the other hand, previous studies have found an 

effect on accuracy (Cox & Petursdottir, 2021). This effect could be because visual mediation 

may compensate for forgotten verbal baseline relations. In other words, when verbal 

mediation fails due to forgotten relations, visual mediation can still guide correct responding. 

It is possible that there was not an effect of accuracy in these studies due to the high number 

of participants who retained baseline relations.  



 

 51 

 The training sequence effect on image-matching test reaction times could be due to 

the visual imagining of the picture stimuli during intraverbal training, as predicted by the 

visual mediation hypothesis. The findings from Experiment 2 support this hypothesis because 

visualization disruption task had a more detrimental effect on the group with the TI training 

than the group with the IT training sequence, suggesting that the TI group’s faster reaction 

times were directly related to their ability to visualize the pictures during intraverbal training. 

This prediction is also supported by data from previous studies that suggest the performance 

of TI groups is less dependent on baseline retention than IT groups. However, this finding 

was not as strong in the present studies. For example, image-matching test accuracy was 

correlated with intraverbal training in the IT groups’ and tact retention in the IT and TI-VD 

groups, but reaction time was correlated with tact retention in the TI, IT, and TI-VD groups 

in Experiment 2. 

 In the TI-Disrupted group, image-matching test scores were significantly correlated 

with reaction times, with participants who performed slower performing better. This finding 

was inconsistent with prior research that has found that groups with faster reaction times 

tended to perform better on the image-matching test (Cox & Petursdottir, 2021; Petursdottir 

et al., 2019). One possible interpretation is that participants in the TI-Disrupted group were 

still able to perform the task when they responded more slowly because they had another 

source of stimulus control present to control correct responding when verbal mediation was 

disrupted. However, participants in this group did not perform better overall on the image-

matching test compared to the IT-disrupted group.  

The disruption tasks in both experiments seemed to increase variability in reaction 

times. The disrupted groups in Experiment 1 had larger ranges of reaction times than the TI 
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and IT groups. Likewise, in Experiment 2, The TI group had the smallest range out of all the 

other groups. This finding suggests that not only was the TI group performing faster on 

average, but more participants were performing closer to that average. The participant with 

the slowest median reaction time in the TI group was under 2 s. However, every other group 

had multiple participants with a median reaction time between 2 and 3 s. These data show 

that participants in the TI group were consistently faster than participants in the other groups, 

which could be consistent with the visual mediation hypothesis. 

 Overall, Experiment 2 contributed novel support for the visual mediation hypothesis 

by showing that interfering with visual imagining during training affected performance in the 

TI group. By contrast, Experiment 1 results were less consistent with the hypothesis. One 

reason the results were not consistent across studies could be due to lack of participant 

fidelity. Many participants in groups who received extra instructions reported not following 

these instructions. This could have caused insignificant results. Specifically, in Experiment 2, 

very few participants reported following the given instructions, even in the TI-VD group. It is 

unclear why the results showed that the disruption task differentially affected the TI-D group 

if most of the participants were not following instructions. However, it is possible that the 

participants did not understand the question during the exit interview or did not answer it 

based on what they actually did during training. Another limitation of these studies was the 

online format. Using an online format hindered the experimenter’s ability to be sure the 

participants were in a distraction-free environment. Additionally, it is possible that by not 

having an experimenter observing them, participants did not put as much effort into doing 

well on the tasks as participants who are monitored in-person by an experimenter may have. 

Lastly, participants in many of the IT groups reported visualizing the images during 
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intraverbal training when this was not possible because the IT groups were only introduced to 

the images when they had completed intraverbal training. Reporting visualizing the images 

during intraverbal training in the IT groups suggests that participants did not understand the 

question fully. As a result, answers to this question in the TI groups may also be inaccurate. 

These limitations could have impacted the results of these studies. 

 Future research should use additional procedural fidelity checks to ensure participants 

are following all instructions accurately. Additionally, future research could include prompts 

and reminders to continue using directed strategies during training, in order to help the 

participant, remember what task they should be engaging in. Future research should also 

consider administering the exit interview questions verbally to allow an opportunity for 

participants to ask questions if they don’t understand how to answer the questions. Future 

research should consider using more thorough monitoring during research sessions to control 

for environmental factors that could be influencing some participant’s performance. Lastly, 

studies should be conducted that apply these findings to relevant teaching procedures. The 

data presented here suggest that creating visual imagining opportunities could potentially 

improve speed on tasks, which could have relevant implications in teaching.  

 In conclusion, many of the data here support the visual mediation hypothesis. More 

often than not, participants who have visual mediation available as an additional source of 

stimulus control during intraverbal training often perform faster on the image-matching test.  
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ABSTRACT 

SOURCES OF STIMULUS CONTROL IN TESTS FOR EMERGENT STIMULUS 

RELATIONS 

by Reagan E. Cox, M.S., 2018 

Department of Psychology 

Texas Christian University 

Dissertation Advisor: Anna I. Petursdottir, Associate Professor of Psychology 

The purpose of the present study was to provide additional tests of visual mediation 

hypothesis by examining the effects of interfering with verbal and visual mediation in groups 

that received the TI and IT training sequences in the intraverbal naming task. Experiment 1 

examined the effects of disrupting verbal mediation during the image-matching test. 

Participants were assigned to one of four groups. Two groups received tact instruction prior 

to intraverbal instruction (TI groups) and the other two groups received the opposite training 

sequence (IT groups). One TI and one IT group were instructed to engage in a task intended 

to disrupt verbal mediation during test. The disruption task did not differentially affect the 

groups based on instruction sequence. Experiment 2 examined the effects of disrupting visual 

imagery during intraverbal training. Participants were assigned to one of four groups, two TI 

and two IT groups. One TI and one IT group were instructed to engage in a task intended to 

disrupt visualization during intraverbal training. This disruption task differentially affected 

speed of responding during test for the IT group.  

 

 


