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ABSTRACT 

Recent research has utilized equivalence-based instruction to teach foreign-language 

nouns to young children, which may result in emergent untrained foreign-language noun 

relations. The current line of studies evaluated the effects of training specific relations on 

the emergence of untaught relations for 9 children. For Experiment 1, we systemically 

replicated Petursdottir & Hafliðadóttir (2009) by evaluating 4 foreign-language noun 

relations with 5 young children. The 4 relations we evaluated included: foreign-language 

tact (tact), auditory (foreign language word)-visual (pictures) conditional discrimination 

(listener), foreign-to-native intraverbal (FNI), and native-to-foreign intraverbal (NFI). In 

addition, we assessed 3 of the 5 participants’ preference for learning conditions using a 

concurrent chains procedure. For Experiment 2, we compared tact training with one 

exemplar to tact training with multiple exemplars (4 total) on emergent listener, NFI, and 

FNI responding with 2 pre-kindergarten students. For Experiment 3, we compared the 

efficiency of tact training in combination with emergent listener, NFI, and FNI 

responding to directly teaching all targeted relations (mixed training) with 2 pre-

kindergarten students. Similar to Experiment 1, we assessed participants’ preference for 

learning conditions. Across all three studies, tact training, with one exemplar as well as 

multiple exemplars, resulted in high levels of emergence to untrained relations for most 

participants. For Experiment 1, 3 participants preferred the tact and listener learning 

conditions. The findings for Experiment 3 demonstrated that tact training was a more 

efficient teaching strategy than mixed training for one participant, and that the opposite 

was true for the other participant. In addition, both participants preferred the mixed 

training learning condition. The results of the 3 studies suggest that tact training may be 
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an efficient equivalence-based instructional strategy to teach foreign-language nouns to 

young children. 

  



Texas Tech University, Ashley L. Matter, August 2017  

 ix 

LIST OF TABLES  

1. Nouns Assigned to Each Participant in Experiment 1 Across all Conditions.............121 

2. Nouns Assigned to Each Participant in Experiment 2 Across all Conditions.............123 

3. Nouns Assigned to Each Participant in Experiment 3 Across all Conditions.............124 

4. Number of Sessions to Meet the Mastery Criterion Across all Stimulus Relations and  

Sets for all Participants and the Relation that Participants Preferred for 

Experiment 1........................................................................................................125 

5. Session Number of Modifications Made During Training Sessions for Brittany, Brian,  

Amber, and Alex in Experiment 1.......................................................................126 

6. Frequency of Error Type Across Baseline and Training Phases for Scarlet................127 

7. Frequency of Error Type Across Baseline and Training Phases for Brittany..............128 

8. Frequency of Error Type Across Baseline and Training Phases for Brian..................129 

9. Frequency of Error Type Across Baseline and Training Phases for Amber................130 

10. Frequency of Error Type Across Baseline and Training Phases for Alex.................132 

11. Number of Sessions to Meet the Mastery Criterion during Tact Training and METT  

for Paula’s Set 1 and Set 2 Stimuli......................................................................132 

12. Number of Sessions to Meet the Mastery Criterion During Tact Training and METT  

for Albert’s Set 1 and Set 2 Stimuli.....................................................................133 

13. Frequency of Error Type Across Baseline and Training Phases for Paula................134 

14. Frequency of Error Type Across Baseline and Training Phases for Albert..............135 

15. Number of Sessions to Meet the Mastery Criterion During Training and Training 2,  

and Total Number of Sessions to Acquire all Relations Across Tact and Mixed  

Training for Sabrina’s Set 1 and Set 2 Stimuli.................................................136 



Texas Tech University, Ashley L. Matter, August 2017  

 x 

16. Number of Sessions to Meet the Mastery Criterion During Training and Training 2,  

and Total Number of Sessions to Acquire all Relations Across Tact and Mixed  

Training for Renee’s Set 1 and Set 2 Stimuli......................................................137 

17. Frequency of Error Type Across Baseline and Training Phases for Sabrina............138 

18. Frequency of Error Type Across Baseline and Training Phases for Renee...............139 

19. Number of responses correct out of total number of opportunities during maintenance  

trials across trained and tested relations for nouns assigned to the Tact and Mixed  

training conditions of the Set 1 stimuli for Sabrina.............................................140 

20. Number of responses correct out of total number of opportunities during maintenance  

trials across trained and tested relations for nouns assigned to the Tact and Mixed 

training conditions of the Set 1 stimuli for Renee...............................................141 

 

	
  



Texas Tech University, Ashley L. Matter, August 2017  

 xi 

LIST OF FIGURES 

1. Number of correct responses during baseline and training for Scarlet........................142 

2. Number of correct responses during baseline and training for Brittany......................143 

3. Number of correct responses during baseline and training for Brian..........................144 

4. Number of correct responses during baseline and training for Amber........................145 

5. Number of correct responses during baseline and training for Alex...........................146 

6. Number of correct responses during pre- and post-tests for Scarlet............................147 

7. Number of correct responses during pre- and post-tests for Brittany..........................148 

8. Number of correct responses during pre- and post-tests for Brian..............................149 

9. Number of correct responses during pre- and post-tests for Amber............................150 

10. Number of correct responses during pre- and post-tests for Alex.............................151 

11. Percentage of trials correct during pre- and post-tests for all participants combined in  

Experiment 1........................................................................................................152 

12. Number of correct responses during baseline and training for Paula........................153 

13. Number of correct responses during baseline and training for Albert.......................154 

14. Number of correct responses during pre- and post-tests for Paula............................155 

15. Number of correct responses during pre- and post-tests for Albert...........................156 

16. Number of correct responses during baseline and training for Sabrina.....................157 

17. Number of correct responses during baseline and training for Renee.......................158 

18. Number of correct responses during pre- and post-tests for Sabrina.........................159 

19. Number of correct responses during pre- and post-tests for Renee...........................160



Texas Tech University, Ashley L. Matter, August 2017  

 1 

CHAPTER I 

INTRODUCTION 
Individuals with autism or other intellectual disabilities (ID) often exhibit deficits in 

language and communication skills that range from mild to severe (Centers for Disease Control 

and Prevention, 2015). Language interventions based on the concepts and principles of behavior 

analysis (commonly referred to as the verbal behavior approach) have been shown to be highly 

effective for this population (National Standards Project, 2014). According to Sundberg (2016), 

the verbal behavior approach consists for four components. The first component is that the 

teaching procedures that are incorporated into a child’s intervention are based on the principles 

of behavior analysis. For example, incorporating discrete trial teaching, differential 

reinforcement, and prompting procedures into language acquisition programs. The second 

component is that the language intervention is based on how children learn and develop 

throughout early childhood, such that that the skills assessed and targeted are those that occur 

during typical development. The third component is identifying and treating barriers that may 

impede an individual’s progress during language acquisition, such as problem behavior or 

stereotypy. Therefore, language interventions based on the verbal behavior approach will include 

procedures to increase language skills as well as decrease interfering behaviors. Finally, the last 

and most distinct component of the verbal behavior approach to language acquisition, is the 

application of Skinner’s (1957) analysis of verbal behavior.  

B. F. Skinner extended the principles of behavior to describe, explain, and predict 

language acquisition in his book Verbal Behavior (1957). Rather than refer to indirect 

interactions between humans as “speech,” “communication,” or “language,” which often refer to 

the behavior of a community of individuals, Skinner believed the term “verbal behavior” was 

more appropriate because it focused on the individual speaker. Skinner defined verbal behavior 
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as behavior that is reinforced through the mediation of another person’s behavior (p. 2). By 

focusing the analysis of verbal behavior on the individual speaker, Skinner was able to describe 

behavior mediated by other persons in the same way in which all other behavior is described; via 

operant and respondent conditioning.  

Skinner (1957) developed six functional relations he termed as elementary verbal 

operants that comprise verbal behavior: mand, tact, echoic, intraverbal, textual, and listener 

behavior. The verbal operants are described in terms of the controlling antecedent and 

consequence variables that maintain each response. A mand occurs when a motivating operation 

is present (e.g., water deprivation) and is maintained by specific reinforcement (e.g., water). A 

tact is under the control of nonverbal stimuli (e.g., a dog) and is maintained by generalized 

conditioned reinforcement (e.g., verbal praise). The discriminative stimuli of the echoic, 

intraverbal, textual, and nonverbal behavior are verbal stimuli, and each is maintained by 

generalized conditioned reinforcement. The antecedent stimulus of the echoic is an auditory 

verbal stimulus (e.g., a mother says “cat”) and the response has point-to-point correspondence 

and formal similarity with the antecedent stimulus (e.g., the child echoes the mother and says 

“cat”). The antecedent variable of the intraverbal is a vocal verbal stimulus (e.g., “What did you 

eat for lunch today?”) and the response is a verbal stimulus without point-to-point 

correspondence but with formal similarity to the antecedent stimulus (e.g., the response “A 

sandwich.”). The antecedent stimuli of a textual operant is written or printed stimuli (e.g., the 

written word “fish”) and the response has point-to-point correspondence but not formal similarity 

with the antecedent stimuli (the vocal response “fish”). The antecedent stimuli for listener 

behavior include any of the aforementioned verbal stimuli (e.g., vocal word “shoe,” written word 
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“shoe,”) and the response is nonverbal (e.g., pointing to a shoe after hearing someone say 

“Where is the shoe?”). 

Each verbal operant is a function of specific antecedent and consequence variables; thus, 

Skinner (1957) argued that the six verbal operants are functionally independent from one 

another. Therefore, if an individual learns one verbal operant, for example, to tact cookie, this 

does not necessarily mean that the individual also will be able to emit the same topographical 

response (i.e., the vocal word “cookie”) to mand for a cookie without direct instruction. Rather, 

Skinner suggested that if an individual were to emit more than one verbal operant that has the 

same response form, they must be accounted for separately. This viewpoint of language 

acquisition contradicts traditional conceptualizations of language, which suggest that once an 

individual acquires the meaning of a word that he or she can therefore use the word in many 

different contexts. Conceptualizing language acquisition in terms of function (Skinner’s 

viewpoint) as opposed to meaning (traditional viewpoint) has implications for how language 

interventions are developed. Previous research supports Skinner’s notion of functional 

independence of the verbal operants (e.g., Lechago, Carr, Kisamore, & Grow, 2015; Miguel, 

Petursdottir, & Carr, 2005); thus, language interventions based on the verbal behavior approach 

focus on directly teaching the different verbal operants.  

Since the 1980s, a substantial increase in the study of Skinner’s analysis of verbal 

behavior has been conducted (Sautter & LeBlanc, 2006). The latest review of research evaluating 

language interventions based on the verbal behavior approach showed that a large portion of 

research had been dedicated to assessing the notion of functional independence of the verbal 

operants (Sautter & LeBlanc, 2006). A majority of the studies included in the review assessed 

the functional independence of verbal operants by directly teaching one verbal operant (e.g., tact) 
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and probing additional verbal operants (e.g., mand) to determine if emergent responding would 

occur. The results of these studies demonstrated that training one specific verbal operant almost 

always did not result in emergent responding. Shortly afterward, Grow and Kodak (2010) 

reviewed research assessing the functional independence of verbal operants. The authors showed 

that researchers had begun to demonstrate that verbal operants did emerge under some 

circumstances. For example, some researchers had demonstrated that participants were more 

likely exhibit emergent verbal behavior if the discriminative stimuli or responses were similar 

across training and testing conditions (Petursdottir, Carr, & Michael, 2005; Petursdottir, 

Ólafsdóttir, & Aradóttir, 2008b). Based on these findings, the authors suggested that researchers 

continue evaluate the conditions under which verbal operants emerge because this information 

could result in more efficient and efficacious language interventions for individuals with 

language delays.  

Some researchers have recently begun to assess the notion of functional independence 

within the context of teaching foreign-language noun relations to young children (May, Downs, 

Marchant, & Dymond, 2016; Petursdottir et al., 2008b; Petursdottir & Haflidadótter, 2009; 

Petursdottir, Lepper, & Peterson, 2014; Rosales & Rehfeldt, 2011; Sprinkle & Miguel, 2012). 

Acquisition of foreign language nouns can be conceptualized as verbal operants (e.g., tacting 

pictures in the foreign language, intraverbals consisting of translating the foreign-language word 

to the native-language word). The assessment of conditions under which foreign-language noun 

relations emerge may be particularly useful for early language instruction strategies because a 

large portion of lessons focus on teaching vocabulary. Additionally, identifying the conditions 

under which foreign-language noun relations are more likely to emerge may allow for the 
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development of efficient second-language instructional strategies. Thus, continued research in 

this area may benefit children who are learning additional languages. 

Purposes of the Experiments 

The purposes of Experiment 1 were to replicate and extend Petursdottir and Hafliđadóttir 

(2009) by evaluating the effects of a stringent mastery criterion used during training on the 

emergence of verbal operants and to identify which teaching strategies children prefer when 

learning foreign-language nouns. The results of Experiment 1 demonstrated that tact training 

often resulted in the highest levels of emergence to untrained relations compared to the other 

teaching strategies. However, tact training did not result in total emergence to all untrained 

relations for 3 of the 5 participants. Previous research suggests that multiple exemplar training 

may result in generalization within and across stimulus relations (Garcia-Albea, Reeve, Brothers, 

& Reeve, 2014; Haring, 1985; Ledbetter-Cho et al., 2015). Thus, we may hypothesize that 

multiple exemplar tact training may result in faster acquisition of the trained relation (within the 

tact stimulus relation) and higher levels of emergence during post-tests (across stimulus 

relations) than tact training with only one exemplar for each target noun. However, the effects of 

multiple exemplar tact training on the rate of acquisition of the trained relation and emergent 

listener, NFI, and FNI responding within the context of teaching foreign-language noun relations 

to young children is unknown. Therefore, the purpose of Experiment 2 is to compare the effects 

of multiple exemplar tact training with four exemplars per noun and tact training with one 

exemplar per noun on the rate of acquisition of the trained relations and the emergence of 

listener, NFI, and FNI relations.  

In addition to demonstrating that tact training often resulted in high levels of emergent 

responding across all untrained relations, the results of Experiment 1 showed that almost all of 
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the participants acquired the four foreign-language noun relations in a similar number of sessions 

also (although the number of sessions was different across participants, they were similar within 

participants). However, it is unknown if directly teaching all four foreign-language noun 

relations would result in faster acquisition of all the relations compared to implementing tact 

training alone. Therefore, the purposes of Experiment 3 were to compare the effects of tact 

training alone to directly teaching all four relations (mixed training) on the rate of acquisition of 

the trained relations, emergent responding (tact training), and maintenance of responding (mixed 

training), as well as which teaching method (i.e., tact or mixed training) children prefer.   
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CHAPTER II 

LITERATURE REVIEW 
The Origin of Equivalence-Based Instruction 

The first experiment evaluating stimulus equivalence procedures was conducted by 

Murray Sidman in 1971. The purpose of the study was to determine if children could acquire 

reading comprehension without this skill being directly trained. Reading comprehension in this 

study referred to matching written words to pictures and vice versa. Sidman (1971) taught a 17-

year-old male with severe intellectual disability reading comprehension skills using a match-to-

sample procedure. Match-to-sample procedures involve conditional discriminations in which one 

or more stimuli are presented (e.g., picture of a dog), referred to as the sample. After the sample 

is presented, a variety of comparison stimuli are shown (e.g., written words “dog” and “cat”). 

After the comparison stimuli are shown, an individual is taught to select the correct comparison 

stimulus (e.g., the written word “dog”).  

In his seminal study, Sidman (1971) first conducted test sessions to determine if the 

participant had reading comprehension skills in his repertoire. Test sessions consisted of 

presenting a picture of an object as the sample and written words as the comparison stimuli. The 

researcher also tested the reverse relation, in which a written word was presented as the sample 

and the comparison stimuli were pictures of objects. During both test conditions, the researcher 

did not reinforce correct responding. The results showed that the participant did not respond 

correctly during both tests. Following the baseline test sessions, the researcher taught the 

participant to match pictures of objects to their dictated name (A-B relation). Therefore, instead 

of presenting pictures or written words as a sample stimulus, the researcher said the name of the 

object (e.g., “dog”). Then, the participant touched the blank sample key on the apparatus, and the 

comparison stimuli were presented. The researcher reinforced selecting the correct comparison 
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stimulus. The participant learned to match 20 dictated words to pictures. Multiple exemplars of 

the 20 pictures were used during training to decrease the likelihood that irrelevant features of the 

pictures would exert stimulus control over the participant’s responding.  

After the participant acquired the A-B relation, the researcher taught him to match written 

words of objects to their dictated name for the same set of 20 words (A-C relation). These 

training sessions were similar to A-B relation training, except that the comparison stimuli were 

written words of the objects instead of pictures. After the participant acquired the A-C relation, 

the researcher conducted the test sessions that were implemented before training (B [picture]-C 

[written word] and A [written word]-B [picture] relations). The results showed that the 

participant responded correctly during B-C and C-B tests following A-B and A-C training, 

demonstrating that this training method resulted in emergent relational responding. Thus, after 

teaching 40 relations directly, 40 additional relations emerged without additional training.  

The results of Sidman (1971) were of great significance because they demonstrated a 

highly efficient training procedure in which a large number of stimulus relations emerged 

without direct training. This type of teaching procedure is now commonly referred to as the 

“stimulus equivalence paradigm” and “equivalence-based instruction.” Sidman and Tailby 

(1982) extended the concept of equivalence used in mathematics to the types of relational 

responding that occurred as a result of conditional discrimination training. Mathematical 

equivalence contains three properties: reflexivity, symmetry, and transitivity. Each property can 

be explained within the match-to-sample procedure typically used to evaluate stimulus 

equivalence. Reflexivity occurs when an individual matches the sample with a comparison 

stimulus that is exactly the same (A-A relation); this type of responding is referred to as identity 

matching. Symmetry occurs when, after an individual is taught to select B given A (A-B 
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relation), the individual can now select A given B (B-A relation) without additional training. 

Transitivity occurs when, after an individual is taught A-B and B-C relations, the individual can 

select C when presented with A (A-C relation). An equivalence class between stimuli forms if an 

individual can emit all three types of responding following A-C and B-C training. 

Theories of Derived Relational Responding 

There are three theories commonly cited in the research literature evaluating emergent 

verbal behavior via the stimulus equivalence paradigm: naming, joint control, and relational 

frame theory (RFT). Each theory poses a different perspective regarding the origin of emergent 

verbal behavior. However, there is at least one feature that all three theories have in common: 

that derived relational responding is directly related to a previous history of reinforcement for 

engaging in verbal behavior in similar situations. The three perspectives have influenced 

research evaluating emergent verbal behavior, such that a large number of studies have been 

conducted to validate the three theories. Research evaluating these theories may allow for a 

better understanding of the processes involved in emergent verbal behavior, thus providing 

researchers and clinicians with an effective technology to teach a variety of language skills.  

Naming 

Horne and Lowe (1996) describe a combination of multiple processes termed as 

“naming” that may be responsible for derived relational responding. The naming relation is 

rooted in Skinner’s analysis of verbal behavior (1957) as well as empirical research evaluating 

the language development of typically developing young children. According to Horne and 

Lowe, naming develops within the first two years of a child's life via repeated interactions with 

their caregiver and occurs when the child responds as a listener to his or her own speaking. The 

process of naming can be conceptualized as a circular relation in which an individual sees an 
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object (e.g., a ball), says “ball” (either overtly or covertly), hears him or herself say “ball,” and 

sees the ball again. A child may be able to pass tests of stimulus equivalence if they are taught a 

common name for stimuli in a given class. For example, during conditional discrimination 

training, a child may be taught to select a picture of a ball after hearing “ball,” and then to select 

the printed word ball after hearing “ball.” When the child is presented with the picture of the ball 

or the printed word ball as the sample during tests of stimulus equivalence, she may covertly or 

overtly say “ball,” which is discriminative for orienting toward and selecting either the picture of 

the ball or the printed word ball from the comparison stimuli. 

To acquire the naming relation, an individual must sequentially learn to engage in 

listener, echoic, and tact behavior. Listener behavior is considered to be a prerequisite for 

naming, and often co-occurs with echoic and tact behavior. Horne and Lowe (1996) describe 

different interactions that occur between a child and their caregiver that establishes listener 

behavior exhibited by a child. For example, caregivers may point to or look at objects and 

events, or engage with objects that they name in front of the child and say the name of objects 

that the child is already looking at. Although listener behavior can occur in the presence or 

absence of stimuli such as a child’s toys, developmental research described by Horne and Lowe 

demonstrate that caregiver-child interactions frequently occur in the presence of objects during 

the first two years of a child’s life. Over repeated exposures of interactions in which a caregiver 

engages with and names items in front of a child, the caregiver’s vocal stimulus (e.g., “Where’s 

ball?”) begins to serve as a discriminative stimulus (SD) for engaging in listener behavior (e.g., 

looking at the ball) toward objects. After the child engages in the orienting response or other 

listener behavior (e.g., picking up the ball), the caregiver provides nonspecific reinforcement, 

strengthening the behavioral sequence.   



Texas Tech University, Ashley L. Matter, August 2017  

 11 

The second verbal operant required to engage in naming is the echoic. Based on Horne 

and Lowe’s (1996) account, echoic behavior is established via listener behavior. Similar 

caregiver-child interactions that establish a child’s listener behavior also result in echoic 

behavior once the child is able to imitate words. For example, the caregiver may see a ball and 

point to it in front of the child and say, “Say ‘ball, ball.’”, and the child echoes the caregiver and 

says “ball” (overt initially, but can become covert over time). Because the child has also learned 

to engage in listener behavior with respect to the ball, the caregiver’s vocal stimulus, “ball,” is 

also discriminative for orienting toward the ball. The child’s echo of “ball” may also be 

functionally equivalent to the caregiver’s vocal stimulus “ball,” and may promote further listener 

behavior and self-echoics by the child. Therefore, echoic behavior exhibited by the child allows 

her to simultaneously become a speaker and listener.  

The third and final operant required to engage in naming is the tact. A child establishes a 

tacting repertoire by repeatedly engaging in echoic interactions with their caregiver in the 

presence of items. After the child repeatedly engages in echoic behavior in the presence of a 

variety of objects and events (e.g., saying “ball” in the presence of a ball), the stimuli come to 

serve as SDs for the same vocal utterances. Acquiring a tact repertoire allows the child to engage 

in the naming relation in the absence of a caregiver, resulting in rapid acquisition of relations 

between classes of objects and events. For example, after a child sees a ball, she will say “ball” 

either overtly or covertly, which is discriminative for engaging in listener behavior; this sequence 

of events results in the child simultaneously serving as a speaker and listener. The child may also 

begin to engage in the naming relation with objects of similar physical and functional features. 

After the child hears herself say ‘ball,” she may orient toward other balls that look similar, and 

engage with them in a similar manner.  
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According to Horne and Lowe (1996), a child is likely to pass tests of equivalence 

following conditional discrimination training procedures similar to those conducted by Sidman 

(1971) after she acquires the naming relation. For example, a child is taught to select a picture of 

a fox after hearing the word “fox,” and to select the written word fox after hearing “fox.” During 

subsequent tests of emergence, the child may be able to select the picture of a fox given the 

written word fox, and vice versa. Based on the naming relation, the child is able to derive 

untaught relations because she is taught a common name for a class of stimuli. The sample 

stimulus of either the picture of the fox or the written word fox occasions the child to say “fox,” 

covertly or overtly, which evokes previously established listener behavior of orienting toward the 

picture of the fox and the written word fox. Therefore, when the child is presented with a single 

exemplar of the class as the sample during a match-to-sample procedure (e.g., written word fox), 

she may be able to select other exemplars of the class (e.g., a picture of the fox) from the 

comparison stimuli without additional training.   

Joint Control 

Lowenkron’s (1998) account of derived relational responding, termed as joint control, 

emphasizes stimulus control of two stimuli over a common response topography (pp. 328-329). 

Similar to naming, joint control is believed to develop during the first two years of a child’s life 

through the course of natural language development. Joint control is defined as “a change in 

stimulus control that occurs when a response topography, evoked by one stimulus (e.g., the 

sample) and preserved by rehearsal, is emitted under the additional (and thus joint) control of a 

second stimulus (e.g., the comparison)” (p. 332).  

The development of joint control can be explained using the same example used to 

describe how a child may pass tests of equivalence via naming in the previous section. Using 
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conditional discrimination training procedures, a child is taught to select a picture of a fox after 

hearing the word “fox,” and then to select the written word fox after hearing the word “fox.” 

During the initial training phases (i.e., A-B training and A-C training), the child rehearses (i.e., 

self-echoes) the word in-between the presentation of the sample and the comparison stimuli. 

When the comparison stimuli are presented, the child continues to self-echo the response while 

scanning the comparison stimuli until she sees the stimulus that evokes the same response 

topography that was evoked by the sample stimulus. In the current example, the self-echoic is no 

longer solely a self-echoic, but also occurs as a tact in the presence of the picture of the fox, or as 

a textual response in the presence of the written word fox. Therefore, the common response 

topography (i.e., the self-echoic) comes under joint self-echoic/tact control in the presence of the 

picture of the fox, and joint self-echoic/textual control in the presence of the written word fox. 

During equivalence tests (B-C and C-B relations), the child tacts the picture of the fox or 

textually responds to the written word fox when the sample stimulus is presented by saying “fox” 

(either overtly or covertly). Then, the child rehearses the word “fox” when scanning the 

comparison stimuli until she finds the stimulus that evokes the same response topography 

(saying “fox”). After the child acquires joint control, she will select the correct comparison 

during tests of equivalence. According to Lowenkron (1998), the selection response is a 

descriptive autoclitic, which Skinner (1957) describes as a response in which a speaker acquires 

verbal behavior that is descriptive of their own behavior (p. 313). In this case, the child’s 

selection response of the correct comparison stimulus tacts the onset of the additional source of 

stimulus control over the rehearsed verbal topography (Lowenkron, pp. 332).  

Derived relational responding as explained by naming and joint control contain similar 

features. For example, both accounts suggest that the individual must rehearse the name of the 
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object and simultaneously act as a listener and speaker. However, Lowenkron (1998) suggested 

that the naming relation does not provide a complete explanation of how overt or covert self-

echoics evoke selection responding during naming, and that the explanation of this responding 

under joint control is straightforward (p. 334). According to Lowenkron, selection responding 

occurs when an individual self-echoically rehearses a name while searching for the named 

object, and if the child has already acquired the name of the object as a tact and continues to 

rehearse the name in the presence of the object, further rehearsals of the name are therefore 

under joint self-echoic/tact control. If the individual were to select the object as a result of 

previously acquired listener behavior, then the selection response as a result of joint control 

would likely be reinforced by another person in the individual’s environment. The main 

difference between the naming and joint accounts of derived relational responding is the order in 

which specific verbal behavior is acquired. For naming, a listener repertoire must be established 

first before naming can occur, whereas for joint control, a speaker repertoire must be established 

first before joint control over responding can occur (p. 340). 

Relational Frame Theory 

Relational Frame Theory (RFT) is a behavioral analytic account of human language and 

cognition developed by Steven Hayes. According to RFT, emergent verbal behavior occurs as a 

result of multiple exemplar training in which specific contextual cues gain stimulus control over 

responding (Hayes, Barnes-Holmes, & Roche, 2011). Contextual cues refer to stimuli in the 

environment other than the physical properties of the stimuli themselves. For example, 

contextual cues gain stimulus control over responding when an young child is learning to name 

objects. Specifically, the learner is taught to engage in relational responding to tact an object by 

a) seeing an object (e.g., a shoe), b) hearing its name (from their caregiver), and c) saying the 
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name of the object. The learner is also engaging in relational responding when she is taught to 

identify objects by a) hearing the name (from her caregiver) and b) seeing the object. Thus, the 

child is learning to relate hearing the names of objects and the sight of objects based on arbitrary 

relations as opposed to nonarbitrary relations (physical properties of stimuli; e.g., bigger than, 

darker). Researchers have termed contextual cues exerting control over responding as “arbitrarily 

applicable relational responding” because the contextual cues are arbitrary to the stimuli; this 

type of responding is commonly referred to as a relational frame. Thus, derived relational 

responding may be conceptualized as a generalized operant. 

Derived naming, or bidirectional tact and listener behavior, can be explained by the RFT 

account. For example, a caregiver will often say the name of a toy (e.g., a ball) in front of their 

child (“This is a ball”, “Where is the ball?”), and reinforce the child’s orienting toward the ball 

(listener behavior). Then, the caregiver may ask the child to echo the vocal response “ball” while 

the child is orienting toward the ball. After the child echoes “ball” in the presence of the ball, the 

ball will eventually be discriminative for the vocal response “ball” (tact response). The child and 

caregiver may have many interactions of this type with many different toys (i.e., multiple 

exemplar training). According to RFT, following multiple exemplar training, derived listener and 

tact responding comes under control of contextual cues that are present during training. For 

example, after the child is continually told “This is a [ball]” in the presence of many toys, the 

word “is” becomes discriminative for symmetrical responding between listener and tact 

responding. Thus, after the caregiver teaches the child to tact a new toy (e.g., a doll), the child 

may be able to respond as a listener by pointing to the doll when instructed “Where is the doll?” 

without direct training. Emergent tact responding may also occur as a result of teaching the child 

to respond as a listener to a new toy. For example, the caregiver may ask the child “Where is the 
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teddy bear?” and provide praise to the child for picking up the teddy bear. Consequently, the 

child may be able to tact the teddy bear after that caregiver asks, “What is this?” in the absence 

of direct training. The relational frame in the previous example is “sameness” or “coordination,” 

in which an individual engages in symmetrical responding between a word (stimulus A) and an 

object (stimulus B; i.e., engages in listener and tact responding following tact and listener 

training). Other relational frames include opposition, comparison, distinction, and hierarchy 

(Hayes, Barnes-Holmes, & Roche, 2011).  

Language Instruction Assessing Emergent Relations 

A large portion of applied behavior analytic researchers evaluating the stimulus 

equivalence paradigm have used this procedure to assess emergent verbal behavior (e.g., 

Belloso-Díaz & Pérez-González, 2015; Ingvarsson, Cammilleri, & Macias, 2012; May, Hawkins, 

& Dymond, 2013; Petursdottir et al., 2008b). Skinner’s (1957) verbal operants can be 

conceptualized as different types of relations that can be trained and tested within the stimulus 

equivalence paradigm. For example, a researcher could train a child to tact a picture; this verbal 

operant can be conceptualized as an A-B relation, in which stimulus A is the picture, and 

stimulus B is the child vocalizing the word “dog.” Following A-B training, the researcher could 

test for symmetry (B-A). The B-A relation can be conceptualized as listener behavior, in which 

the child selects a picture of a dog (B) after hearing the word “dog” (A). The child could also be 

taught to tact the picture of the dog in Spanish (“perro”), in which the child is taught a new tact 

relation (A-C). After the child learns this relation, intraverbal behavior can be tested. The 

intraverbals can be conceptualized as two additional relations: B-C and C-B. To test the B-C 

relation, the therapist could ask the child, “What is ‘dog’ in Spanish?”, and for the C-B relation, 

the therapist could ask the child, “What does ‘perro’ mean?” Thus, the stimulus equivalence 
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paradigm allows researchers to evaluate the functional independence of the verbal operants. 

Additionally, this methodology allows researchers to identify efficient teaching strategies in 

which verbal relations emerge without direct training as a result of teaching one or a small 

number of other verbal relations.  

Although equivalence classes can contain a large number of stimulus class members, 

researchers who assess emergent verbal behavior typically evaluate classes with a relatively 

small number of members (usually three or four; e.g., Pérez-González et al., 2008; Petursdottir & 

Haflidadótter, 2009). Additionally, although this paradigm can be used to demonstrate stimulus 

class formation, it is commonly used as a method to assess functional independence and 

interdependence of verbal operants. Therefore, it is not uncommon to see one verbal relation 

trained (e.g., tact) and one verbal relation tested (listener behavior; e.g., Delfs, Conine, 

Frampton, Shillingsburg, & Robinson, 2014; Petursdottir, Carr, Lechago, & Almason, 2008a). 

Thus, the study of verbal behavior within the stimulus equivalence paradigm allows researchers 

to determine the conditions under which emergent verbal behavior does and does not occur.  

Tact and Listener Behavior 

A majority of studies conducted to determine if establishing tact or listener behavior 

(often auditory-visual conditional discrimination training) results in the emergence of untrained 

listener or tact behavior have concluded that naming (Horne & Lowe, 1996) may influence 

emergent responding as a result of stimulus class formation (i.e., stimulus equivalence; Horne, 

Hughes, & Lowe, 2006; Horne, Lowe, & Harris, 2007; Horne, Lowe, & Randle, 2004; Kobari-

Write & Miguel, 2014; Lowe, Horne, Harris, & Randle, 2002; Lowe, Horne, & Hughes, 2005; 

Miguel & Kobari-Wright, 2013; Miguel, Petursdottir, Carr, & Michael, 2008). If a stimulus class 

is formed via training of one or a number of specific relations (e.g., A-B and A-C relations), all 
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possible untaught relations will emerge (e.g., B-C, C-B, B-A, and C-A relations). To determine if 

a stimulus class has formed, an individual must select one member of the stimulus class when 

another member is presented as a sample (B-C and C-B relations, which tests transitivity). This 

behavior is commonly referred to as “categorization” in the naming literature. Therefore, 

research evaluating the influence of naming on stimulus class formation frequently assesses the 

emergence of categorization skills as well as untaught tact and listener behavior. Researchers 

also have assessed if acquisition of both listener and tact behavior (i.e., naming) are necessary for 

stimulus class formation.  

According to Horne and Lowe (1996), an individual who has a naming repertoire may 

form a stimulus class if she is taught a common tact for each member of the stimulus class. For 

example, if a child were taught to tact three different arbitrary shapes as “vek,” then she likely 

would pass subsequent categorization tests in which 1 of the 3 veks are presented as a sample 

stimulus, and the comparison stimuli include another vek. Horne and Lowe argue that typically 

developing children acquire a naming repertoire between 2 and 4 years of age. Therefore, the 

naming account predicts that for children around the age of 2 years, tact training alone results in 

stimulus class formation, thus allowing a child to pass tests of stimulus equivalence.  

Thus, Lowe, et al. (2002) conducted a series of three studies to determine if tact training 

alone would result in stimulus class formation. Nine children ages 2 to 4 years old participated in 

the first experiment (Experiment 1A). All participants were taught two, three-member stimulus 

classes that consisted of arbitrary wooden shapes. Tact training consisted of presenting all six 

shapes and teaching the participants to tact three shapes “vek” and the other three “zag” when the 

experimenter pointed to the corresponding shape and said “What is this? Can you tell Teddy 

what this is?” (the experimenters used a hand puppet during research sessions). After the 
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participants met the mastery criterion during tact training, they completed one or two category 

match-to-sample tests. During the first category match-to-sample test (Category Test 1), the 

participants were presented with all six shapes and the experimenter randomly selected one of 

the six stimuli by pointing to it and said, “Look at this, can you give Teddy the others?”, and a 

correct answer was scored if the participants handed the therapist the two other stimuli in the 

stimulus class (e.g., all the veks). If a participant did not complete at least one trial correct during 

the first six trials of Category Test 1, they completed an alternative category test (Category Test 

2) in which the experimenter instructed the participant to tact the sample stimulus first before 

providing the instruction to categorize the comparison stimuli.  

The results of Lowe et al. (2002) demonstrated that 4 of the 9 participants passed the 

Category Test 1. The other five participants failed Category Test 1 but passed Category Test 2 in 

which they tacted the sample stimulus before categorizing the comparison stimuli. These results 

suggest that tact training alone may not be sufficient to produce stimulus class formation for 

some young children. Further, the results demonstrated that tacting the sample stimulus before 

selecting the comparison stimuli may facilitate stimulus class formation because doing so allows 

the individual to simultaneously act as a speaker and listener (naming) and thus select the correct 

comparison stimuli. The researchers conducted an additional study (Experiment 1B) using 

similar procedures to determine if equivalence classes could be formed via tact training with six-

member stimulus classes. Two children from Experiment 1 participated, and the results showed 

that tact training could produce stimulus class formation with six-member stimulus classes.  

The researchers conducted a third study (Experiment 2) because they believed the tact 

training procedures implemented during Experiment 1A and 1B may have facilitated acquisition 

of the stimulus classes. Therefore, the researchers conducted tact training with mixed pairs of the 
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six stimuli (i.e., two stimuli were trained at the same time) as opposed to conducting tact training 

with all six stimuli present. Additionally, listener probes were conducted following category 

testing. Three children ages 3 to 4 years old participated. Also, the “zag” stimulus class was 

changed to “zog.” All other experimental procedures were the same was Experiment 1A. The 

experimenters conducted category tests immediately after the participants met the mastery 

criterion during the modified tact training. If the participants did not pass Category Test 1, they 

completed Category Test 2. Following Category Test 2, the participants completed Category Test 

1 again. After all category tests were completed, listener probes were conducted similarly to tact 

sessions except the experimenter asked the participants “Where is the ‘zog’ [‘vek’]?” and the 

participants pointed to the corresponding stimulus. The results demonstrated that all participants 

passed the listener probe sessions. Additionally, 2 of the 3 participants passed Category Test 1. 

The other participant passed Category Test 2, and then passed Category Test 1 when she 

repeated the test. Although the experimenters changed the tact training procedures, the results 

were similar to those of Experiment 1A.  

Taken together, the results of the three studies conducted by Lowe et al. (2002) showed 

that tact training reliably produced stimulus class formation for 2- to 4-year-old children. These 

results support Horne and Lowe’s (1996) position that children acquire the naming relation by 

the time they are 2 years old. The authors suggested that the participants passed the 

categorization tests because during tact training, the participants simultaneously acted as a 

speaker and listener. Specifically, when the participants tacted the stimuli (e.g., “Vek”), they 

responded as a listener to their own vocalizations by looking at the stimulus (Horne et al., p. 

544). This viewpoint is supported by the results of Experiment 2, which demonstrated that each 

participant passed listener probe sessions following tact training. Category Test 2 trials also 
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support Horne and Lowe’s account of naming. According to the naming relation, if an individual 

does not tact the sample stimulus (either overtly or covertly), then he or she will be unable to 

select the correct comparison stimuli; this may explain why some participants did not pass 

Category Test 1. By requiring the participants to tact the sample during Category Test 2 trials, 

they may have been more likely to select the correct comparison stimuli because their own vocal 

behavior evoked orienting toward the other stimuli in the same class. Acquiring the naming 

relation may also explain why, after successfully completing Category Test 2, 1 of the 3 

participants successfully passed Category Test 1 when she was retested in Experiment 2.  

Although the Lowe et al. (2002) study suggests that naming may be one process involved 

in forming stimulus classes, it did not demonstrate that naming was a necessary component (p. 

546). Specifically, that both the speaker behavior (i.e., tact) and listener behavior were required 

to establish stimulus classes. Rather, the methodology employed in the study only showed that 

tact training was necessary for stimulus class formation. The authors recommended a way to 

determine if naming was necessary for stimulus class formation: by teaching listener behavior 

first and then testing for the emergence of tacts and categories. If tacts do not emerge following 

listener training, then the naming relation would predict that categorization would not emerge as 

well. However, if tacts do emerge following listener training, then the naming relation would 

predict that categorization of the stimulus classes would also emerge.  

Therefore, Horne et al. (2004) extended Lowe et al. (2002) by evaluating the effects of 

listener training on the emergence of tacts and categorization with nine children ages 1 to 4 years 

old. The purpose of this study was to determine if acquisition of listener behavior and tacts (i.e., 

naming) are necessary for stimulus class formation. The researchers implemented very similar 

procedures to Lowe et al. (2002), except listener training was conducted and followed by the two 
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categorization tests (the same category tests implemented by Lowe et al.) and a tact test. During 

listener training, the participants were taught to select the corresponding stimuli when they heard 

the words “Vek” and “Zog.” Following listener training, the participants completed Category 

Test 1 and a tact test. During the tact test, the experimenter presented all six shapes on a table in 

front of the participant, pointed to each one individually and said “What’s this?” Participants 

who passed the tact test completed Category Test 2. Participants who failed the tact test 

completed tact training. The researchers implemented tact training using the same procedures as 

Lowe et al. (2002). After the participants completed tact training, they repeated Category Test 1. 

If the participants failed the second Category Test 1, they completed Category Test 2, and then 

completed Category Test 1 again.  

All nine participants of Horne et al. (2004) did not meet the mastery criterion during 

Category Test 1 following listener training. According to the naming account, these results are 

not surprising because the participants were not required to engage in speaker behavior during 

listener training, both of which are necessary for stimulus class formation (Horne & Lowe, 

1996). Seven of the nine participants did not meet the mastery criterion during the tact test. 

These results support Skinner’s (1957) claim that verbal operants are functionally independent, 

such that teaching one verbal operant (i.e., listener behavior) does not necessarily result in the 

emergence of other verbal operants (i.e., tacts). However, the naming relation may account for 

the two participants who did pass the tact tests following listener training. Horne and Lowe argue 

that whether tacts emerge as a result of listener training depends on if the individual engages in 

self-echoic behavior during listener training. Thus, the two participants may have self-echoed the 

names of the stimuli in the presence of the objects being named during listener training in which 

the objects gained discriminative control over self-echoing behavior. As a result, the two 
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participants were able to tact the stimuli during the tact tests. The five participants who 

completed tact training passed either Category 1 or Category 2 Tests. These results further 

support Horne and Lowe’s account that naming may be necessary for stimulus class formation. 

However, 2 of the 7 participants did not pass either category tests following listener and tact 

training. The authors suggested that the ability to pass category tests may not rely on the 

establishment of the naming relation per se, but rather, if the participant self-echoically produces 

the common name during each testing trial and if this behavior exerts control over subsequent 

listener behavior.  

Thus, the results of Lowe et al. (2002) and Horne et al. (2004) demonstrate that 

acquisition of the naming relation may be necessary for emergent listener, tacts, and 

categorization skills to occur as a result of tact or listener training. These results have been 

replicated with children of the same age (Horne et al., 2006; Horne et al., 2007; Lowe et al., 

2005), children slightly older (ages 4 and 5 years old; Miguel et al., 2008), as well as children 

with autism and intellectual disabilities (Delfs et al., 2014; Kelley, Shillingsburg, Castro, 

Addison, & LaRue, 2007; Kobari-Write & Miguel, 2014; Lee, Miguel, Darcey, & Jennings, 

2015; Miguel & Kobari-Wright, 2013; Sprinkle & Miguel, 2012). This line of research also 

suggests that tact training more reliably results in the emergence of listener behavior than listener 

training resulting in the emergence of tacts.  

Intraverbal Behavior 

There have been several studies conducted evaluating the effects of tact and listener 

training on the emergence of intraverbals, and vice versa, with typically developing children and 

children with developmental disabilities (Ingvarsson, Cammilleri, & Macias, 2012; Kodak & 

Paden, 2015; May, Hawkins, and Dymond, 2013; Miguel et al., 2005; Partington and Bailey, 
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1993; Petursdottir et al., 2008a; Smith et al., 2016). A majority of research studies assessing 

emergent intraverbal responding with typically developing children have targeted categorization 

skills. For example, Partington and Bailey (1993) assessed the emergence of category 

intraverbals following tact training with eight preschool children in two studies. The first study 

was conducted with four participants and demonstrated that exemplar tact training (e.g., tacting 

five different fruits) was not sufficient to produce category intraverbal responding (e.g., 

answering correctly to “What are some fruits?”). However, these results are not surprising; the 

lack of correct responding during intraverbal probes may be because the participants did not 

know the category that the exemplars belonged. Therefore, in the second study, the 

experimenters taught four different participants to tact five exemplars as well as the categories to 

which the exemplars belonged for four categories (e.g., responding “orange” and “fruit” to a 

picture of an orange). The results demonstrated that tact training resulted in no emergent 

intraverbal responding for two participants and moderate levels of emergent intraverbal 

responding for the other two participants. However, 1 of the 2 participants who engaged in 

emergent intraverbals emitted correct intraverbal responses during baseline; thus, the participant 

had an existing intraverbal repertoire before beginning the study. Although 1 of the 2 participants 

who engaged in emergent intraverbal responding had an existing intraverbal repertoire, the 

researchers suggested that both participants may have done so because tact training produced an 

intraverbal connection between the two responses (e.g., “orange - fruit”). The results of this 

study support Skinner’s (1957) account that the verbal operants are functionally independent.  

Miguel et al. (2005) replicated and extended Partington and Bailey (1993) by evaluating 

the effects of tact and listener training on the emergence of category intraverbals with six 

typically developing 3- to 5-year-old children. The researchers conducted listener and tact 
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training with two sets of categories (e.g., tools, musical instruments) that contained 10 exemplars 

each; three participants received listener training followed by tact training and the other three 

received tact training followed by listener training. The researchers conducted listener training in 

two phases. First, the researchers taught the participants to select a picture after hearing the 

exemplars of a category (e.g., “Which one is violin?”). Second, the researchers interspersed trials 

in which the participants were taught to select pictures after hearing the exemplar and category 

names (e.g., “Which one is a guitar?”, “Which one is a musical instrument?”). The researchers 

also conducted tact training in two phases. During the first phase, the researchers taught the 

participants to tact pictures of exemplars from a specific category (e.g., apple). During the 

second phase, the researchers taught the participants to tact pictures in both the exemplar and the 

category (e.g., “It is an apple and a fruit.”). Before beginning training in the other relation (i.e., 

tact or listener training), the researchers conducted intraverbal probes similar to Partington and 

Bailey (i.e., “What are some fruits?”). The results replicated Partington and Bailey in that tact 

training, as well as listener training, did not result in high levels of intraverbal responding. It was 

not until the researchers conducted intraverbal training that the participants could emit 

intraverbals.  

The authors of Miguel et al. (2005) suggested that intraverbal responding may not have 

occurred because training and testing procedures were not comparable. Typically, researchers 

evaluating stimulus equivalence procedures evaluate emergent responding established by 

conditional discriminations, in which a sample stimulus is presented and selection responses are 

made from comparison stimuli. However, in the current study, the types of discriminations 

(simple vs. conditional), discriminative stimuli (picture vs. auditory), and responses (vocal vs. 

selection) were different between the training and testing conditions. The authors suggested that 
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perhaps the discrepancy in training and testing procedures from common stimulus equivalence 

research explains why intraverbal responding did not emerge. Additionally, the number of 

exemplars trained in each category may have hindered emergence of intraverbals. Perhaps tact or 

listener training in which there are fewer exemplars, or a one-to-one correspondence between the 

SD and response (e.g., SD: What do you brush your teeth with?; response: a toothbrush), would 

be more likely to result in emergent intraverbal responding than many-to-one (SDs: What is a 

hammer?, What is a wrench?; response: a tool) or one-to-many training procedures (e.g., SD: 

What are some animals?; responses: fish, cat). This study also supports the notion of functional 

independence of the verbal operants (Skinner, 1957). 

Belloso-Díaz and Pérez-González (2015) further evaluated the effects of tact training on 

emergent intraverbal responding by implementing procedures similar to Partington and Bailey 

(1993) and Miguel et al. (2005). The researchers conducted two experiments and assessed the 

effects of multiple tact training on the emergence of all untrained relations across two sets of 

stimuli for the first experiment. Three children 5 to 6 years old participated. The researchers 

taught the participants to tact pictures of two women by which country she resided in and the 

tribe in which she belonged (A-B and A-C relations; SD: “Name the country[tribe]”, response: 

“Pakistan [The Kalash]”). Before and after training, the researchers assessed listener responding 

(B-A and C-A relations; SD: “Point to that from Pakistan [The Kalash]”, response: selection of 

corresponding picture) and intraverbal responding (B-C and C-B relations; SD: “Name the 

country [tribe] of the Kalash [Pakistan]”, response: “Pakistan [The Kalash]”). The results 

demonstrated that all three participants engaged in emergent listener and intraverbal responding 

following multiple tact training. The researchers suggest that emergent intraverbals occurred 

because of similarities between the training and testing procedures. Specifically, training and 
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testing procedures required the participants to engage in conditional discriminations in which 

responding was under stimulus control of two relevant stimuli (i.e., the country and the tribe of 

the woman). Additionally, the response required during tact training and intraverbal testing was 

the same.  

These results of Belloso-Díaz and Pérez-González (2015) contrast with those of 

Partington and Bailey (1993) and Miguel et al. (2005). One reason this might have occurred is 

because Belloso-Díaz and Pérez-González conducted tact training in which there was a one-to-

one correspondence between the SD and response as opposed to using a one-to-many or many-to-

one correspondence between SDs and responses during training or testing. Belloso-Díaz and 

Pérez-González taught the participants two different conditional discriminations which had one 

correct answer only. For example, during the B-C test (SD: “Name the tribe of Pakistan”), the 

correct tribe was conditional on the country and for the C-B test, the correct country was 

conditional on the tribe. These results suggest that emergent intraverbal responding may be more 

likely to occur when there is a one-to-one correspondence between the SDs and responses of the 

target stimuli. Additionally, the training and testing procedures were more similar in the Belloso-

Díaz and Pérez-González study than the Partington and Bailey and Miguel et al. studies, 

suggesting that these differences could also be responsible for discrepancies in emergent 

responding across the studies. Finally, differences across the aforementioned studies could be 

due to differences in ages across the participants. Specifically, the participants in the Belloso-

Díaz and Pérez-González study were slightly older than those in the two other studies and may 

have had more advanced verbal repertoires, thus facilitating emergent responding. 

Researchers also have assessed emergent responding when teaching categorical relations 

following listener and intraverbal training. For example, Petursdottir et al. (2008a) assessed the 
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effects of listener training and intraverbal training on the emergence of the untaught relations 

(i.e., intraverbal and listener responding) using a within-subject design with five typically 

developing 3- to 4-year-old children. The researchers taught the participants to categorize novel 

stimulus sets that included two categories (e.g., Greek symbols) with two exemplars in each 

category (e.g., Psi and Rho). For all participants, the researchers conducted listener training with 

one set of stimuli and intraverbal training with another set. Before conducting intraverbal and 

listener training, the researchers taught the participants to tact pictures of the exemplars from 

both category sets. Intraverbal training consisted of a many-to-one training procedure, in which 

the researcher taught the participants one category in response to two exemplars (e.g., SD: “Psi 

[Rho] is--” ; response: “Greek”). Listener training was implemented using a one-to-many 

training procedure, in which the participants were taught to select two exemplar pictures when 

they heard the category name (e.g., SD: “Which one is Greek?”; response: selecting the picture of 

Psi [Rho]). Following training, the researchers conducted listener and intraverbal probes with the 

sets of stimuli taught in the intraverbal and listener relations, respectively. The researchers also 

conducted pre- and post-test sessions of all other untaught relations (i.e., category match-to-

sample, category tacts, and reverse intraverbals).  The results demonstrated that for all 

participants, little to no listener and intraverbal responding emerged as a result of intraverbal and 

listener training. Additionally, low levels of emergence occurred for all the participants during 

the pre- and post-test sessions of the other untrained relations. A recent study conducted by 

Lechago et al. (2015) also demonstrated that category listener training did not result in the 

emergence of intraverbal responding, even with the addition of multiple exemplar training of the 

trained and tested relations with novel stimulus sets. 
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The results of Petursdottir et al. (2008a) replicated Miguel et al. (2005) in that emergence 

of intraverbal responding following listener training when teaching categories did not occur. 

Additionally, Petursdottir et al. demonstrated that intraverbal training was similarly ineffective at 

producing emergent listener responding when teaching categories. It is interesting to note that 

intraverbal responding did not emerge following listener training in both studies although Miguel 

et al. implemented many-to-one training and Petursdottir et al. implemented one-to-many 

training. Also, similar results were obtained even though there were fewer exemplars trained in 

Petursdottir et al. (two for each category) compared to Miguel et al. (10 for each category). The 

results of Partington and Bailey (1993), Miguel et al., Petursdottir et al., and Lechago et al. 

(2015) suggest that teaching category skills using tact, listener, or intraverbal training may not 

reliably result in emergent responding. In addition, the results of the aforementioned studies 

suggest that teaching category skills using intraverbal training may not result in emergent listener 

behavior. 

Research evaluating emergent relations with stimuli that have a one-to-one 

correspondence between SDs and responses, rather than categorical relations, have more 

commonly been studied with children diagnosed with autism or other intellectual disabilities. 

Kodak and Paden (2015) conducted a study similar to Petursdottir et al. (2008a) with two 

children with autism ages 3 and 4 years old. The stimuli trained in this study were fill-in-the-

blank statements (e.g., SD: “You talk to people on a --”; response: “Phone.”). One set of stimuli 

were assigned to the listener training condition, and one set of stimuli were assigned to the 

intraverbal training condition. The researchers trained both sets of stimuli at the same time using 

a multielement design. The researchers also conducted tact probes with the stimuli that were 

assigned to the listener training condition during the training phase to determine if the ability to 
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tact the target stimuli may be related to emergent intraverbal responding. The results 

demonstrated that for both participants, listener behavior emerged as a result of intraverbal 

training; however, intraverbals emerged as a result of listener training for only 1 of the 2 

participants. 

The different results obtained by Kodak and Paden (2015) and Petursdottir et al. (2008a) 

may be attributed to the dissimilarities between the stimuli trained (i.e., stimuli with a one-to-one 

and one-to-many correspondence between the SDs and responses). Also, the SDs presented in the 

Kodak and Paden study were the same across training and test sessions, whereas the SDs 

presented in the Petursdottir study were not. These results suggest that perhaps similarities 

between the training and testing conditions may influence the emergence of untaught relations. 

Kodak and Paden also showed that the participant who produced intraverbals following listener 

training could also tact the stimuli. These results indicate that acquisition of tact and listener 

behavior of the targeted stimuli may be a prerequisite for emergent intraverbal relations, a claim 

supported by a study conducted by Grannan and Rehfeldt (2012). Grannan and Rehfeldt 

demonstrated that teaching exemplar tacts, category tacts, and listener behavior (category match-

to-sample) training resulted in emergence of category intraverbal responses with two young 

children with autism. 

Ingvarsson et al. (2012) obtained results similar to Kodak and Paden (2015). The 

researchers evaluated the effects of intraverbal training using either echoic (standard intraverbal 

training) or tact prompts on emergent listener behavior for four, 4- to 10-year-old children 

diagnosed with autism. The researchers taught the participants to respond intraverbally to 

questions about state birds (e.g., “What is the state bird of Ohio?”; response: “Bluebird.”) using 

either tact or echoic prompts across two sets of stimuli. The researchers taught both sets of 
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stimuli at the same time using a mutlielement design. Following intraverbal training, the 

researchers conducted listener probes by displaying four pictures of birds and presenting the SD 

“Point to the state bird of [Ohio].” The results demonstrated that intraverbal training with both 

prompting procedures resulted in emergence to listener behavior for 3 of the 4 participants, 

whereas intraverbal training with echoic prompting did not result in high levels of emergent 

intraverbal responding for one participant. Emergent listener behavior may have occurred 

following intraverbal training with tact prompting because the participants may have acquired 

listener behavior during tact training; such responding is in agreement with the naming account 

(Horne and Lowe, 1996). It could also be the case that the participants had a naming repertoire 

before beginning the study, in which tact training would produce emergent listener behavior. The 

results of Ingvarsson et al. may be similar to Kodak and Paden because both studies trained 

stimuli with a one-to-one correspondence between the SD and responses, and the SDs were 

identical across the training and testing conditions. One additional feature of the study that may 

have contributed to the emergence of intraverbals following both training procedures is that all of 

the participants correctly tacted some of the state birds during pre-test sessions. Because some of 

the participants could correctly tact the state birds, they may have also had a prior history of 

responding to the state birds as a listener, or intraverbally, which may have enhanced emergent 

intraverbal responding.  

Smith et al. (2016) assessed the emergence of intraverbals following listener training for 

five children with autism ages 5 to 15 years old. The researchers taught the participants to select 

a picture in response to a variety of questions (e.g., SD: “What animal has gills?”; response: 

selecting a picture of a fish). Before conducting listener training, the researchers conducted tact 

probes and demonstrated that all participants could tact the target stimuli. During intraverbal 
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testing, the SD was the same as listener training and the response was a vocal response. The 

results demonstrated that listener training resulted in emergent intraverbal responding for 4 of 5 

participants; the other participant required listener training in addition to tact training for 

emergence of intraverbal responding to occur.  

These results obtained by Smith et al. (2016) are similar to those obtained by Kodak and 

Paden (2015) in that listener training resulted in emergent intraverbal responding for some 

participants. Perhaps the participants were able to emit intraverbals following listener training 

because of the similarities between the training and testing procedures (i.e., the SD was the 

same). Additionally, 3 of the 5 participants were much older (12, 13, and 15 years old) than the 

participants in Kodak and Paden study. Thus, the older participants may have had advanced 

verbal repertoires, which may have attributed to emergent responding. The results differed from 

Petursdottir et al. (2008a) and Miguel et al. (2005), which demonstrated that listener training did 

not result in emergent intraverbal responding; these differences support the proposition that 

intraverbal behavior may be more likely to emerge following listener training if the trained 

stimuli have a one-to-one correspondence between the SD and response rather than a many-to-

one or one-to-many correspondence. However, the researchers of Smith et al. reinforced correct 

responding during the intraverbal probes, which may have resulted in higher levels of correct 

intraverbals than if testing had been conducted under extinction contingencies. Thus, the results 

of this study should be interpreted with caution.  

A study conducted by Luciano (1986) evaluated the effects of an intraverbal training 

procedure similar to that used by Ingvarsson (2012) on the emergence of listener responding 

using stimuli with a one-to-many correspondence between the SDs and responses. The researcher 

taught three 13- to 16-year-old adolescents with ID with to respond intraverbally to questions 
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about foods, drinks, clothes, and vehicles (SD: “Tell me names of [foods].”; response: “[Bread].”) 

using tact prompts. Before and after intraverbal training, the researcher conducted baseline 

sessions of intraverbal and listener (SD: “Give me [clothes]”; response: handing the therapist a 

[shirt]) responding. For all baseline and training sessions, the researchers used pictures of the 

target stimuli as well as actual objects of the stimuli and varied the presentation of the different 

stimuli throughout all sessions. During training, the researchers used tact prompting to teach the 

participants five exemplars in each category and delayed presentation of the tactual prompt 

following consecutive correct answers. The results demonstrated that none of the participants 

could emit intraverbal responses before training. Additionally, one of the participants engaged in 

high levels of listener responding during baseline and the other two participants engaged in low 

or moderate levels of listener responding before intraverbal training. Following intraverbal 

training, all participants emitted intraverbals and moderate to high levels of emergent listener 

responding occurred for the two participants who engaged in low levels of listener responding 

during baseline.  

The results of Luciano (1986) differ from results of other studies evaluating emergent 

responding with categorical relations that have a many-to-one or one-to-many correspondence 

between the SDs and responses conducted with typically developing children (Lechago et al., 

2015; Miguel et a., 2005; Petursdottir et al., 2008a). Specifically, high levels of emergent 

responding occurred with the participants in the Luciano study whereas little or no emergence 

occurred for the participants in the Lechago et al., Miguel et al., and Petursdottir et al. studies, 

regardless of the relations trained or tested. Thus, based on the results of Lechago et al., Miguel 

et al., and Petursdottir et al. alone, it could be argued that emergent responding is less likely to 

occur with stimulus relations that have a many-to-one or one-to-many correspondence between 
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the SDs and responses. However, high levels of emergent responding occurred for the 

participants in the Luciano study with stimuli that had a many-to-one correspondence between 

the SDs and responses. Emergent listener responding may have been more likely to occur with 

the participants from the Luciano study because of the training procedures used. Specifically, the 

researcher used tactual prompts during intraverbal training, whereas the Petursdottir et al. 

(2008b) did not. Thus, the training and testing procedures were similar in that the therapist 

presented similar SDs (“Tell me names of [food]” and “Give me [foods]”) and the same stimuli 

across both conditions. Additionally, Lechago et al. and Miguel et al. tested intraverbal 

responding following listener (Lechago et al., 2008b; Miguel et al., 2005) and tact training 

(Miguel et al., 2005). Thus, it may be argued that listener responding may be more likely to 

emerge following intraverbal training combined with tactual prompts with stimuli that have a 

many-to-one correspondence between the SDs and responses than intraverbal training that does 

not incorporate tactual prompts.  

Additional research has been conducted evaluating the effects of tact training, similar to 

that conducted by Partington and Bailey (1993), on the emergence of intraverbals with children 

with autism. May et al. (2013) taught three adolescents, 11, 15, and 16 years old diagnosed with 

autism to tact novel pictures of cartoon monsters. Specifically, the researchers taught the 

participants, in the presence of a picture of a cartoon monster, to tact the name of the monster (A-

B relation; SD: “What is the name if this monster?”, response: “Simon.”) and what the monster 

eats (A-C relation; SD: “What food does this monster eat?”, response: “Chips.”). Following 

training, the researchers probed the B-C and C-B intraverbals (i.e., “What food does Simon eat?” 

and “Which monster eats chips?”, respectively). All participants passed intraverbal testing 

following tact training.  
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The results of May et al. (2013) results are similar to the results obtained by Experiment 

1 in the Belloso-Díaz and Pérez-González (2015) study and differ from those conducted by 

Partington and Bailey (1993) and Miguel et al. (2005). Differences in emergent responding 

across the aforementioned studies may be due to dissimilarities of the correspondence between 

the SDs and responses of the stimuli the researchers used. Specifically, May et al. and Belloso-

Díaz and Pérez-González used stimuli with a one-to-one correspondence between the SDs and 

responses and Partington and Bailey used stimuli with a one-to-many and many-to-one 

correspondence. The differences in correspondence between the SDs and responses seem to 

influence the likelihood that intraverbals will emerge following tact training when teaching 

certain stimulus relations. The similarities between the training and testing conditions also may 

have facilitated the emergence of the targeted intraverbals. During training, the participants were 

taught to say the monster’s name and food they eat vocally; during the intraverbal tests, the 

response topography was the same as during training. Additionally, the participants were 

required to make conditional discriminations across all training and testing sessions. These 

results support the argument that emergent responding may be more likely to occur if training 

and testing conditions are similar (e.g., include the same SDs and/or responses) than dissimilar 

(i.e., incorporate different SDs and/or responses; Kodak & Paden, 2015; Miguel et al., 2015; 

Petursdottir et al., 2008a).  

Research has been conducted also to evaluate the effects of training specific intraverbals 

on the emergence of bidirectional intraverbals. For example, after asking the question “What is 

the capital of Florida?” and teaching the response “Tallahassee.” (A-B relation), testing the 

bidirectional intraverbal would consist of asking the question “Tallahassee is the capital of what 

state?” (B-A relation). Researchers have tested bidirectional intraverbals in previous studies 
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teaching categorical relations in which three stimuli were related using common stimulus 

equivalence training (i.e., training A-B and B-C relations and testing B-A, C-B, A-C, and C-A 

relations; Belloso-Díaz & Pérez-González, 2015a; Belloso-Díaz & Pérez-González, 2015b; 

Belloso-Díaz & Pérez-González, 2016; Carp & Petursdottir, 2012; Pérez-González, 

Herszlikowicz, & Williams, 2008; Petursdottir et al., 2008a). In these studies, the researchers 

tested bidirectional intraverbals following category listener or intraverbal training (Petursdottir et 

al., 2008a), multiple tact training similar to May et al. (2013; Belloso-Díaz & Pérez-Gonzáleza, 

2015a [Experiment 1]) tact training combined with intraverbal training (Belloso-Díaz & Pérez-

Gonzáleza, 2015a [Experiment 2]; Belloso-Díaz & Pérez-González, 2016 [Experiment 1]), and 

training in which all of the relations were intraverbals (i.e., A, B, and C stimuli; Belloso-Díaz & 

Pérez-González, 2016 [Experiment 2]; Carp & Petursdottir, 2013; Pérez-González et al., 2008).  

The results of the aforementioned studies demonstrated that bidirectional intraverbals 

emerged following combined tact and intraverbal training (Belloso-Díaz & Pérez-González, 

2015a), multiple tact training, and intraverbal training in which all relations were intraverbals as 

opposed to intraverbal training alone (i.e., teaching A-B relation only and testing the B-A 

relation; Belloso-Díaz & Pérez-González, 2016 [Experiment 1]). Belloso-Díaz and Pérez-

González and Belloso-Díaz and Pérez-González (Experiment 1) demonstrated that emergent 

intraverbals may be more likely to occur when the tested relation shares the same response as 

one of the trained relation (trained relations: A-B and B-C; tested relation: C-B). Belloso-Díaz 

and Pérez-González (2016, Experiment 2) replicated these results when all of the trained and 

tested relations were intraverbals. Additionally, training in which all of the stimuli were 

intraverbals produced emergent bidirectional intraverbals, but only following intraverbal training 

in which the category and exemplar names were trained (Belloso-Díaz & Pérez-González, 
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2015b; Carp & Petursdottir, 2012; Pérez-González et al., 2008). Emergent bidirectional 

intraverbals did not emerge following category listener or intraverbal training in the Petursdottir 

et al. study. However, all the aforementioned studies used stimuli with a one-to-one 

correspondence between the SDs and responses, whereas Petursdottir et al. used a many-to-one or 

one-to-many training procedure. Furthermore, Belloso-Díaz and Pérez-González (2015b), 

Belloso-Díaz and Pérez-González (2016), Carp and Petursdottir, and Pérez-González et al. 

included participants who were older and had potentially more advanced verbal repertoires than 

the younger children who participated in the Petursdottir et al. study. Thus, differences in 

emergent responding across the aforementioned studies could also be attributed to developmental 

differences. 

Researchers evaluating the conditions under which bidirectional intraverbals emerge with 

children with autism or other intellectual disabilities typically have trained A-B relations only, 

and then tested for B-A relations (Allan, Vladescu, Kisamore, Reeve, & Sidener, 2014; Dickes & 

Kodak, 2015; Pérez-González, Garcia-Asenjo, Williams, & Carnerero, 2007). In addition, the 

researchers of the aforementioned studies implemented training procedures in which there is a 

one-to-one correspondence between the SDs and responses. For example, Pérez-González et al. 

taught two children with pervasive developmental disability to respond to questions of 

opposition; for example, one question was “Name the opposite of hot,” and the answer was 

“Cold.” Then, the researchers tested the bidirectional intraverbals (i.e., “Name the opposite of 

cold.”). The results of the study demonstrated that bidirectional intraverbals did not emerge 

initially. However, after training both original and bidirectional intraverbals with different sets of 

stimuli, bidirectional intraverbals did eventually emerge with the original and novel sets of 

questions for both participants. The researchers suggested that the participants were able to emit 
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emergent bidirectional intraverbals following original and bidirectional intraverbal training 

because they learned a relational frame of the two related intraverbals (Hayes et al., 2001). This 

argument is consistent with RFT, which suggests that emergent verbal behavior occurs as a result 

of multiple exemplar training. Thus, the results of this study suggest that acquisition of targeted 

relational frames may be necessary for emergent intraverbal responding to occur.  

In another study, Allan et al. (2014) further evaluated the emergence of bidirectional 

intraverbals following intraverbal training. Allen et al. suggested that reverse intraverbals may 

not have emerged for the participants of the Pérez-González et al. (2007) study because the SD 

was a complex antecedent stimulus (i.e., “opposite” and “cold”), therefore, stimulus control of 

both the relevant stimulus features of the questions may not have been acquired. Also, the 

authors suggested that the number and range of exemplars used during multiple exemplar 

training may not have been sufficient to promote emergent bidirectional intraverbals in the 

Pérez-González et al. study. Thus, Allan et al. extended Pérez-González et al. by teaching four, 

9- to 18-year-old individuals with autism multiple sets of intraverbals in both directions that had 

simple antecedent stimuli (e.g., 10 state-city and city-state relations each, and 10 country-city 

and city-country relations each, for a total of 40 relations). After the participants acquired all the 

trained intraverbals, the researchers continued to conduct training sessions with interspersed 

reverse intraverbal probe trials. The results of this study showed that 3 of the 4 participants could 

emit the bidirectional intraverbals without direct training; the other participant required reverse 

intraverbal training with all stimulus sets. These results suggest that bidirectional intraverbals 

may be likely to emerge when the stimuli consist of simple antecedent stimuli and many 

exemplars of intraverbals are trained in both directions (i.e., A-B and B-A). 
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Dickes and Kodak also extended Pérez-González et al. (2015) and Allen et al. (2014) by 

assessing the effects of multiple exemplar training of original intraverbals on the emergence of 

bidirectional intraverbals, as well as generalization of emergent bidirectional intraverbals 

following training of other types of intraverbal relations. Three children with autism ages 4-to 6-

years old participated. The researchers taught each participant multiple exemplars (nine to 11) of 

sets of intraverbals (two intraverbals per set) in two to three of the following categories: animal 

sounds, function, feature, and opposites. A multiple baseline design across the different 

intraverbal relations (e.g., function, opposite) was used to assess generalization effects of 

emergent responding.  If bidirectional intraverbals did not emerge following original intraverbal 

training of the first 2-6 sets of intraverbals, the researchers taught the reverse intraverbals of 

remaining sets if emergent responding did not meet the mastery criterion. The results of the study 

demonstrated that original intraverbal training produced some emergence of bidirectional 

intraverbal responding, and that multiple exemplar training of bidirectional intraverbals did not 

enhance emergent responding.  

These results of Dickes and Kodak (2015) are inconsistent with the results of Pérez-

González et al. (2015) and Allen et al. (2014). The researchers suggested that the results obtained 

may conflict with previous research because multiple exemplar training was conducted within 

and across different types of categories (e.g., opposites, function) as opposed to within one 

category only (e.g., opposites). Additionally, results of similar studies suggest that many sets of 

intraverbals (up to 10) trained in both directions (i.e., A-B and B-A) may be necessary for 

bidirectional intraverbal responding to occur (Allen et al.). Perhaps the lack of emergent 

responding in Dickes and Kodak could be explained by an insufficient number of exemplars 

trained in each relation.  
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Derived Relational Responding as an Efficient Teaching Strategy to Teach Foreign 

Language-Nouns 

Researchers have recently begun to extend the study of derived relational responding to 

teach foreign-language nouns to young children. The study of different foreign language 

relations may allow researchers to identify one or more relations that reliably result in emergent 

responding. Identifying which relations do and do not result in emergent responding would 

provide introductory-level second language teachers with an efficient teaching strategy that may 

save instructional time in the classroom. Utilizing this type of instruction with foreign-language 

nouns may be especially beneficial for introductory-level second language courses because often 

a large portion of instruction is dedicated to teaching foreign-language nouns.  

Petrusdottir et al. (2009) suggested that acquiring foreign-language nouns may be 

conceptualized as learning four distinct stimulus relations: (a) foreign-language tacts (tact), in 

which a learner vocalizes a foreign-language noun when presented with nonverbal stimulus, such 

as a picture; (b) auditory (foreign language word)-visual (picture) conditional discriminations 

(listener responding), in which the learner orients toward or engages in a selection response 

following vocalizations of a foreign-language noun; (c) native-to-foreign intraverbals (NFI), in 

which the listener emits the corresponding foreign-language noun when presented the native 

language noun; and (d) foreign-to-native intraverbals (FNI), in which the learner emits the 

corresponding native language noun after being presented with the foreign-language noun. Few 

studies have been conducted to determine which of the four foreign-language relations is the 

most efficient in terms of trials or sessions to acquisition and emergence to untaught relations.  

Petursdottir et al. (2008b) extended previous research evaluating the effects of tact and 

listener training on emergent intraverbal responding by teaching foreign language relations that 
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had a one-to-one correspondence between the SD and response as opposed to teaching categorical 

relations (Miguel et al., 2005; Petursdottir et al., 2008a). Four, 5-year-old typically developing 

children participated and spoke Icelandic as their native language. Two participants were 

sequentially taught to respond as a listener to two sets of six Spanish nouns, and the other two 

were taught to tact two sets of six nouns. The researchers conducted repeated measures of FNI 

and NFI test sessions before and after training. The results demonstrated that tact training 

resulted in overall higher levels of emergence to both intraverbal relations than listener training. 

However, tact training did produce higher levels of NFI than FNI for one participant, and listener 

training produced the opposite result for both participants who received listener training.  

The results of Petursdottir et al. (2008b) replicated previous findings in that tact training 

more reliably resulted in emergent intraverbal responding than listener training (Belloso-Díaz & 

Pérez-González, 2015; Kodak & Paden, 2015; Lechago et al., 2015; May et al., 2013; 

Petursdottir et al., 2008a). Additionally, the results also support previous research that tact and 

listener training may be more likely to result in emergent intraverbal responding when the 

training stimuli have a one-to-one correspondence between SDs and responses than if the stimuli 

are categorically related (Belloso-Díaz & Pérez-González, 2015a; Kodak & Paden, 2015; May et 

al., 2013; Smith et al., 2016). Participant responding during pre- and post-test sessions suggest 

that stimulus control established during listener or tact training may differentially affect which of 

the two intraverbals are more likely to emerge. Tact training reliably produced emergent NFIs, 

both of which share the same response topography (i.e., vocalizing the Spanish noun); however, 

tact training did not establish the Spanish noun as an SD for the translation of the word in 

Icelandic as a response, which may suggest why slightly lower levels of FNIs emerged during 

post-tests. A similar argument can be made for listener training. Listener training resulted in high 
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levels of emergence to FNIs, and both relations establish the Spanish word as the SD; however, 

listener training did not establish the Icelandic translation of the word as an SD for the Spanish 

word as a response, which may explain why lower levels of emergent NFIs occurred. Such 

findings are in line with previous research demonstrating that differences in training and testing 

procedures may influence emergent responding (Kodak & Paden, 2015; Miguel et al., 2005; 

Petursdottir et al., 2008a). Although this study has important implications, the results should be 

interpreted with caution because the researchers did not conduct a within-subject comparison of 

tact and listener training.  

Petursdottir and Hafliðadóttir (2009) extended Petursdottir et al. (2008b) to determine 

which of four foreign language relations results in the highest levels of emergence to all possible 

untaught relations using a within-subject comparison design. The researchers evaluated the 

effects of tact, listener, NFI, and FNI training on the emergence of untaught relations with two 

Icelandic-speaking children 5-years-of-age. Three unique nouns that the participants knew in 

their native language were trained in each relation. The researchers conducted one pre- and post-

test session of the three untaught relations before and after training. The researchers discontinued 

training if mastery criterion was not met within 10 sessions. One participant met the mastery 

criterion for all of the relations in a similar number of sessions; for this participant, tact and NFI 

training produced the highest levels of emergence to untaught relations. Specifically, tact training 

produced criterion-level performance (10 of 12 trials correct) for the listener and NFI test, and 

NFI training produced criterion level performance for listener and FNI intraverbals. The other 

participant met the mastery criterion for the nouns trained in the tact and listener relations only; 

for this participant, tact and listener training produced moderate levels of emergence to untaught 

relations, whereas NFI and FNI training produced lower levels of emergence to untaught 
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relations. Criterion-level emergence was obtained for listener tests following Tact and NFI 

training only. 

Emergent responding likely differed across the two participants because 1 of the 2 did not 

meet the mastery criterion during NFI and FNI intraverbal training. Despite these differences, the 

results replicated previous findings that listener training may not result in emergent tact or 

intraverbal responding (Horne et al., 2004; Kodak & Paden, 2015; Miguel et al., 2005; 

Petursdottir et al., 2008a). Additionally, the results replicated Petursdottir et al. (2008b) in that 

tact training produced higher levels of emergent intraverbal responding compared to listener 

training. One participant’s pre- and post-tests results following tact and NFI training are similar 

to previous research suggesting the similarities between training and testing procedures may 

facilitate emergent responding (i.e., the two tests required the same response topography; e.g., 

Petursdottir et al., 2008b). Although the results were consistent with the results of previous 

studies, no training strategy produced criterion-level emergence to all untaught relations. The 

results of previous research suggest that tact training would result in criterion-level emergence to 

listener responding (Horne et al., 2004) and to both intraverbals (Petursdottir et al., 2008b). Low 

levels of emergence across untaught relations may have occurred because the criterion to 

terminate training was relatively lenient (10 of 12 trials correct for 3 consecutive sessions, or 10 

training sessions). This assertion is supported by Petursdottir (2008b) that showed tact training 

with a stringent mastery criterion of 100% correct for three consecutive sessions resulted in high 

levels of emergent NFI and FNI. The extent to which the four teaching strategies influence 

emergent responding may be better understood if a stringent mastery criterion is used to teach 

the baseline relations.  
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May et al. (2016) extended Petursdottir and Hafliðadóttir (2009) by evaluating the effects 

of NFI training combined with native-language (English) listener training on the emergence of 

tact and foreign-language (Welsh) listener relations. Three typically developing 2- to 4-year-old 

children participated in the study. The researchers modified the pre- and post-test sessions to 

address two potential limitations of the Petursdottir and Hafliðadóttir study. Specifically, training 

trials of mastered tasks (e.g., motor responses) and the trained listener and intraverbal relations 

were interspersed with test trials during the pre- and post-test sessions, respectively. The purpose 

of this modification was to maintain the trained relations during post-test sessions and to increase 

motivation to respond during pre- and post-test sessions. The researchers conducted repeated 

measures of pre- and post-test sessions of the untaught relations before and after training. During 

training, the researchers sequentially implemented native-language listener training, NFI 

training, mixed listener and NFI training (with the same stimuli), and mixed listener and NFI 

training in which correct responding was reinforced for half the trials only. The mastery criterion 

to terminate training sessions was one session with 87.5% of trials correct. The results 

demonstrated that training produced high levels of emergent tact and listener responding for all 

three participants. One participant initially responded at relatively low levels during post-test 

sessions for one set of nouns. However, accuracy increased with more exposure to the post-test 

sessions, which may have been a result of the training trials of the trained relations that were 

conducted during post-test sessions.  

 The results of May et al. (2016) demonstrated that higher levels of emergent responding 

may be more likely to occur when maintenance trials are interspersed during post-test sessions 

than if these procedures are not included (see Petursdottir & Hafliðadóttir, 2009). For one 

participant, emergent responding to both untrained relations increased with repeated exposure to 
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post-test sessions, which included maintenance trials of the trained relations. These results 

suggest that more exposure to training of the baseline relations (i.e., native-language listener and 

tact training) may facilitate emergent responding. High levels of emergent responding during 

post-tests may have also been a result of contingent reinforcement for maintenance trials, which 

may have increased the establishing operation to respond correctly during test trials. However, 

high levels of emergent listener responding may have been due to conducting training and test 

trials with a two-stimulus array, in which correct responding is very likely to occur by chance 

(Sidman, 1980). Additionally, the researchers interspersed trials of different mastered tasks 

during pre- and post-test sessions; the extent to which interspersing maintenance trials of trained 

relations during post-tests affects responding during test trials is unknown.  

Few studies assessing derived relational responding when teaching foreign-language 

nouns have evaluated methods to enhance emergent responding if it does not occur immediately 

following training of specific relations (Petursdottir, et al., 2014; Rosales & Rehfeldt, 2001). 

Multiple-exemplar training is one method that has been shown to enhance derived relational 

responding following training of specific verbal relations (Pérez-González et al., 2008). Multiple 

exemplar training involves teaching skills using a variety of stimuli so that responding comes 

under control of relevant stimulus features, thus promoting the same responding in the presence 

of novel stimuli with similar stimulus features (Stokes & Baer, 1977). In the context of assessing 

emergent verbal operants (e.g., intraverbals) following training of other verbal operants (tacts), 

multiple exemplar training is conducted with the tested relation (e.g., intraverbals) with a novel 

set of stimuli. RFT predicts that responding comes under appropriate contextual control as a 

result of multiple exemplar training, thus producing emergent verbal behavior. As a result, 
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research has been conducted evaluating the extent to which multiple exemplar training affects 

the emergence of verbal operants when teaching foreign-language nouns.  

Rosales and Rehfeldt (2011) assessed the effects of multiple exemplar training on the 

emergence of tact relations following listener training with four, 3-year-old Spanish-speaking 

children of typical development. The researchers implemented a multiple baseline design across 

three sets of four English nouns. Following listener training, the researchers conducted post-test 

tact sessions. If the participants did not meet the mastery criterion during the first two post-test 

sessions, the researchers implemented multiple exemplar training with additional sets of nouns. 

Multiple exemplar training consisted of teaching novel sets of nouns first in the listener relation 

and then in the tact relation. After the participants acquired the novel sets of nouns in both the 

listener and tact relations, remedial listener training was conducted with the original set of nouns 

to ensure that the participant maintained the trained relation. Following remedial training, the 

researchers conducted one tact test session. Post-test sessions, multiple exemplar training, and 

remedial listener training with the original set of nouns continued until the participant met the 

mastery criterion during the post-test session or three additional sets of nouns were trained 

during multiple exemplar training. The researchers implemented the aforementioned procedures 

across the three original training sets within a multiple baseline design. The results of the study 

demonstrated that multiple exemplar training resulted in criterion-level emergent tact responding 

for 2 of the 4 participants and slight increases in emergent tact responding for the other two 

participants. 

The results obtained by Rosales and Rehfeldt (2011) replicated Petrusdottir & 

Hafliðadóttir (2009) in that listener training did not result in criterion-level performance during 

tact tests. The results are also similar to previous research supporting the role of naming in 
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bidirectional speaker-listener behavior (Delfs et al., 2014; Lee et al., 2015; Lowe et al., 2004; 

Sprinkle & Miguel, 2012). Specifically, the two participants who passed the tact tests may have 

simultaneously engaged in speaker and listener behavior during listener training, thus 

establishing the picture as an SD for vocalizing the English word. Alternatively, the two 

participants may have acquired the naming repertoire prior to beginning the study. The naming 

account also predicts that listener training alone will not result in emergent tact responding 

unless an individual has acquired the naming relation, suggesting that the other two participants 

who did not pass the tact tests did not have a naming repertoire. RFT provides another potential 

explanation for emergent tact responding following multiple exemplar training, suggesting that 

the two participants who passed the tact test acquired a generalized response class of tacting 

objects as a result of a history of reinforcement for tacting the additional sets of stimuli. 

Although the effects of multiple exemplar training on the emergence of tacts was mixed for all of 

the participants, the results suggest that multiple exemplar training may be an effective 

intervention to promote derived relational responding for some individuals.  

Another strategy that may enhance emergent responding is rooted in Horne and Lowe’s 

(1996) account of derived relational responding, naming. Horne and Lowe argue that the naming 

relation not only results in emergent tact and listener behavior, but also affects emergent 

intraverbal responding, which the authors term as “intraverbal naming.” Intraverbal naming is 

said to occur when one vocal response occasions another vocal response as a result of the two 

occurring in close succession with each other within the naming relation. Horne and Lowe 

proposed that self-echoic behavior that occurs within the naming relation can easily be reversed, 

suggesting that intraverbals acquired within the naming relation are bidirectional. 
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Based on Horne and Lowe’s (1996) accounts of naming and intraverbal naming, 

Petursdottir et al. (2014) sought to evaluate the effects of collateral responses (e.g., echoics) 

made during listener training on emergent tact, NFI, and FNI responding with young, typically 

developing children across two experiments. All the participants’ native language was English. 

The researchers taught all participants in the study six Japanese nouns. Four, 4- to 5-year-old 

children participated in Experiment 1. The researchers implemented a sequence for four training 

conditions if the participants did not meet the mastery criterion during probe sessions that were 

conducted following each training procedure. The training procedures included: a) standard 

listener training, b) listener training in combination with echoing the foreign language word 

(resembling naming), c) listener training in combination with echoing the foreign language word 

as well as tacting the picture by saying the native language word (resembling intraverbal 

naming), and d) multiple exemplar training of tact, FNI, and NFI responding with up to six 

additional foreign-language nouns. Listener training trials were interspersed with post-test trials 

but correct responses were not reinforced to assess maintenance of the trained relations. The 

results showed that for all participants, FNIs emerged to criterion following one or a combination 

of the four training procedures, but criterion-level emergent responding did not occur to all tested 

relations until the participants completed all training procedures. 

Emergent responding may not have occurred following training in which echoics and 

tacts were taught because these training phases were relatively short compared to the standard 

listener training phase. Additionally, the researchers conducted one post-test session following 

training, in which variable responding could have occurred as a result of variables unrelated to 

training (e.g., distractions). Therefore, the researchers conducted Experiment 2 to address the 

two potential limitations of Experiment 1. Three, 4-year-old typically developing children 
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participated. The researchers conducted training with two sets of words concurrently; one set was 

trained using standard listener training and the other set using listener training combined with 

echoing the foreign language word. Two of the three participants received training with two sets 

of stimuli in both training conditions. The results demonstrated that there was no difference in 

the level of emergent responding with the two training procedures. The results were similar to 

Experiment 1 in that FNIs typically emerged following either training procedure. However, one 

participant did reach criterion-level performance during post-tests for all tested relations with 

both sets of stimuli.  

The results of Petursdottir et al. (2014) contradict Horne and Lowe’s (1996) account of 

naming, which suggests that simultaneously acting as a listener and speaker during listener 

training produces bidirectional speaker and listener behavior. However, requiring the participants 

to engage in collateral responding resembling naming and intraverbal naming does not guarantee 

that a transfer of stimulus control to the relevant stimulus conditions will occur. During listener 

training combined with the echoic responding, the researchers trained the participants to engage 

in the echoic response before the comparison stimuli were presented. The authors suggested that 

higher levels of emergent responding may have occurred if the participants were required to 

engage in the echoic response while selecting the comparison stimuli rather than before seeing 

the stimuli during listener training. The results of this study replicated previous research in which 

listener training did not reliably result in emergent tact and intraverbal responding (Petursdottir 

et al., 2008a; Petrusdottir & Hafliđadóttir, 2009; Sprinkle & Miguel, 2012). Additionally, the 

results extend previous research by demonstrating that listener training with the addition of 

collateral responding may not enhance emergent tact and intraverbal responding with young, 

typically developing children.  
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The effects of teaching specific foreign-language relations on the emergence of untaught 

relations have also been studied with children with autism. Sprinkle and Miguel (2012) assessed 

the effects listener and speaker training (i.e., tact and textual responding) on the establishment of 

equivalence classes for four, English-speaking children with autism ages 5 to 7 years old. Two 

participants’ stimuli included foreign-language nouns, and the other two included arbitrary 

stimuli. For listener training, the researchers taught the participants to select a picture of the 

nouns after hearing the dictated name of the stimulus (A-B relation), as well as the printed word 

of the noun (A-C relation). For speaker training, the researchers taught the participants to tact the 

picture of the noun (B-D relation) and the read the printed word of the noun aloud (C-D relation). 

Prior to and following training, the researchers conducted test sessions of untrained speaker and 

listener relations for both sets of stimuli, as well as categorical relations (i.e., B-C and C-B 

relations) using a match-to-sample procedure. The results demonstrated that for all participants, 

speaker training more reliably resulted in high levels of emergent responding to all tested 

relations than listener training.  

The results of Sprinkle and Miguel (2012) are similar to Rosales and Rehfeldt (2011) and 

Petursdottir and Hafliđadóttir (2009), in which training speaker behavior more reliably resulted 

in emergent listener responding than vice versa. This study also extends previous research by 

assessing the effects of textual training on emergent responding and by testing for emergence to 

categorical relations. Thus, Sprinkle and Miguel add to the literature evaluating emergent foreign 

language relations by demonstrating that textual training combined with tact training reliably 

produced emergent listener and categorical responding, whereas two types of listener training 

produced emergent relations less frequently. However, the researchers did not assess all untaught 

relations, which included intraverbals (i.e., A-D and D-A relations). Thus, the effects of this type 
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of teaching procedure on the emergence of foreign-language intraverbals is unknown. 

Additionally, the results of this study further support the role of naming on bidirectional speaker-

listener behavior (Horne & Lowe, 1996). Finally, Sprinkle and Miguel extended previous 

research by evaluating the effects of teaching specific foreign language relations on the 

emergence of untaught relations with children with autism.  

Conclusions 

 Previous research evaluating emergent verbal behavior has begun to identify the 

conditions under which some verbal operants typically emerge as a result of certain teaching 

procedures (Delfs et al., 2015; Horne et al., 2004; Lowe et al., 2002; Miguel & Kobari-Wright, 

2013). A large number of studies have shown that tact training more reliably results in emergent 

listener responding than vice versa (Delfs et al., 2014; Kelley, Shillingsburg, Castro, Addison, & 

LaRue, 2007; Kobari-Write & Miguel, 2014; Lee, Miguel, Darcey, & Jennings, 2015; Miguel & 

Kobari-Wright, 2013; Sprinkle & Miguel, 2012). This finding has been replicated across 

different populations, stimuli, and slightly different training methods (e.g., varying mastery 

criteria, varying number of stimuli trained).  

Research evaluating emergent intraverbal responding following tact or listener training, 

as well as emergent listener and tact responding following intraverbal training, has produced 

somewhat mixed findings. This area of research has demonstrated that procedural variables may 

influence the likelihood that specific verbal operants emerge. For example, stimuli that have a 

one-to-one correspondence between the SDs and responses seem more likely to result in 

emergent intraverbal responding following listener and tact training, and vice versa, than stimuli 

with a one-to-many or many-to-one correspondence (Ingvarson et al., 2012; Lechago et al., 

2015; Petursdottir et al., 2008a). Additionally, the similarities between the training and testing 
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procedures with regard to SDs and responses also seem to influence emergent responding 

(Ingvarsson et al., 2015; Kodak & Paden, 2015; Miguel et al., 2015; Petursdottir & Hafliđadóttir, 

2009; Smith et al., 2016). Although previous research evaluating emergent intraverbal 

responding has typically produced mixed findings, fewer studies have evaluated the effects tact 

training on emergent intraverbal responding than listener training on emergent intraverbal 

responding (Belloso-Díaz & Pérez-González, 2015a; May et al., 2013; Partington & Bailey, 

1993, Petursdottir et al., 2008b; Petursdottir and Hafliðadóttir, 2009).  

Recent research has assessed emergent verbal behavior following training of specific 

verbal operants to identify an efficient method to teach foreign-language nouns. Most of the 

studies evaluating emergent foreign-language noun relations replicate the results of previous 

research demonstrating that some verbal operants may be more or less likely to emerge following 

specific teaching procedures (Petursdottir et al., 2008b; May et al., 2013). The results of these 

studies closely resemble those that have assessed stimulus relations with a one-to-one 

correspondence. Researchers assessing equivalence-based instructional procedures to teach 

foreign-language nouns have extended previous research on emergent verbal behavior by further 

assessing the emergence of tacts and bidirectional intraverbals following intraverbal training, 

which is an area not frequently studied (Allan et al., 2014; May et al., 2016; Pérez-González et 

al., 2015; Petursdottir & Hafliđadóttir, 2009). Additionally, this line of research has shown that 

tact and NFI training often result in high levels of emergence to untaught verbal operants, 

suggesting both procedures may be efficient instructional strategies to teach foreign-language 

nouns (May et al., 2016; Petursdottir et al., 2008b; Petursdottir & Hafliđadóttir 2009). However, 

to our knowledge, no research to date has determined if teaching foreign-language nouns in one 

verbal operant and testing for emergence to others is more efficient than directly teaching all 
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targeted verbal operants. Also, research evaluating efficient methods to teach foreign-language 

nouns have not assessed preference for a teaching strategy if more than one is implemented.  
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CHAPTER III 

METHOD 
Experiment 1 

Participants 

Five typically developing children participated in the study. Brian, Amber, and Alex were 

pre-kindergarten students, Brittany was a first grade student, and Scarlet was a second grade 

student. Inclusion criteria for participation in the study were each participant must speak English 

as their native language and speak no or very few Spanish words. 

Setting and Materials 

We conducted 5 to 16 research sessions a day, 1 to 5 days per week in a quiet area of the 

participants’ school (Brittany, Brian, Amber, and Alex) or in a university-based research 

classroom (Scarlet). Each session was approximately 15 to 20 min in duration. Materials that 

were present during sessions included picture cards (i.e., stimuli for training), contingency-

correlated stimuli, token boards, tokens, a small white board, dry erase markers, participant-

preferred activities (e.g., iPad), data sheets, a table, and chairs.  

Dependent Variables  

Trained graduate and undergraduate students collected data on participant responding 

using paper data sheets. See Appendix A for an example of a pre- and post-test data sheet and 

Appendix B for an example of a baseline and training datasheet. The dependent variables were 

correct responses, errors, number of sessions to mastery criterion, and which teaching strategy 

participant’s preferred when learning Spanish words. Observers scored a response as correct if 

the participant a) selected the picture that corresponded with the target noun during listener trials, 

b) said the target noun in Spanish during tact and NFI trials, and c) said the target noun in 

English during FNI trials. Observers scored a response as an error if the participant a) did not 
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respond within 5 s of the therapist’s instruction, b) said “I don’t know,” c) said an incorrect 

Spanish or English noun, d) said the target noun in the incorrect language, e) said a nonsense 

word, or f) selected a picture that did not correspond to the target noun during listener trials. 

Number of sessions to mastery criterion was defined as the total number of training sessions 

required for each participant to meet the mastery criterion in a given condition. Finally, to 

determine which teaching strategy the participants preferred, observers collected data on the 

participants’ selection of a teaching strategy when given a choice between listener, tact, NFI, and 

FNI training.  

 Additionally, we conducted an analysis of the types of errors made by each participant 

within each condition during baseline and training phases. We analyzed the errors by counting 

the frequency of each of the following errors when the participant said (a) “I don’t know,” (b) an 

incorrect Spanish word, (c) an incorrect English word, (d) the word in the incorrect language, (e) 

a nonsense word, or (f) did not respond. We did not analyze errors made during listener trials 

because the only errors participants could make was selecting an incorrect picture or not 

responding. If the data collector scored a response as incorrect but did not record the type of 

error made during a trial, the incorrect response was not included in the analysis. This error in 

data collection rarely occurred.  

Independent Variable Integrity Measures 

Observers collected data on therapist behavior to determine the extent to which the 

independent variables were implemented as designed for sessions conducted with Scarlet, 

Amber, and Alex. An observer collected treatment integrity data during a mean of 38% (range, 

6%-100%), 60% (range, 28%-75%), and 53% (range, 13%-71%) of sessions across all phases for 

Scarlet, Amber, and Alex, respectively. Observers collected data on correct or incorrect 
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therapist feedback during pre-test, post-test, baseline, and training trials. Observers scored 

therapist feedback as correct if the therapist provided the correct consequence following a 

participant’s correct or incorrect response and incorrect of the therapist implemented any other 

consequences. Treatment integrity averaged 99% (range, 92%-100%), 99% (range, 75%-100%), 

and 99% (range, 92%-100%) for Scarlet, Amber, and Alex, respectively. 

Interobserver Agreement 

A second observer collected data during a mean of 60% (range, 30%-100%), 36% (range, 

19%-49%), 43% (range, 18%-58%), 64% (range, 41%-78%), and 49% (range, 33%-70%) of 

sessions across all phases for Scarlet, Brittany, Brian, Amber, and Alex, respectively. We 

calculated interobserver agreement on a trial-by-trial basis. We scored a 1 if both observers 

scored the same response (i.e., correct or incorrect) and a 0 if the observers scored a different 

response. Then, we divided the number of agreements by the total number of trials and 

multiplied by 100. Finally, we calculated the mean percentage agreement for each session across 

all sessions for each participant. Mean percentage agreement was 99% (range, 75%-100%), 99% 

(range, 42%-100%), 99% (range, 92%-100%), 98% (range, 83%-100%), and 99% (range, 92%-

100%), for Scarlet, Brittany, Brian, Amber, and Alex, respectively.  

Experimental Design 

We evaluated the effects of teaching four foreign-language relations (i.e., listener, tact, 

NFI, and FNI) on the speed of acquisition of Spanish nouns with Scarlet, Brittany, and Brian 

using a multielement design embedded within a multiple probe design across four sets of stimuli: 

two sets of stimuli trained in the four relations (Set 1 and Set 2) and two sets of control stimuli 

(Control 1 and Control 2). Sets 1 and 2 contained 12 nouns each, three of which were assigned to 

each training condition, and Control 1 and 2 contained three nouns each. We used the same 
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experimental design with Amber and Alex across one set of training stimuli (Set 1) and one set 

of control stimuli (Control 1). Additionally, we conducted pre- and post-test sessions to assess 

emergence of untaught relations following listener, tact, NFI, and FNI training.  

Preassessment procedures 

We conducted pronunciation and tact tests prior to beginning baseline sessions to ensure 

that participants could correctly pronounce all target nouns in Spanish and tact pictures of all the 

nouns in their native language. We conducted each assessment on separate days. For the 

pronunciation test, the therapist asked the participant to echo the Spanish word of each noun 

(e.g., “Can you say ‘fresa’?”). The therapist provided praise for correct echoics (e.g., “That’s 

right!”). If the participant did not correctly echo the word, the therapist asked the participant to 

say the word again. If the participant correctly pronounced the word after an additional prompt, 

the noun was included in the study; if the participant incorrectly pronounced the word, we 

replaced the noun with another one that the participant could pronounce correctly. The therapist 

conducted the tact test using similar procedures as the pronunciation test, except the therapist 

presented realistic pictures of the nouns and asked the participants, “What is this?” If the 

participant responded incorrectly to one of the pictures, the therapist stated the correct response 

and asked him or her what the picture was again following a brief break. If the participant 

responded correctly to the picture for the second trial, in was included in the study. If the 

participant responded incorrectly, we replaced the noun with one that he or she could tact in his 

or her native language, as well as correctly pronounce in Spanish.  

General Procedure  

After we completed the pre-assessments, we assigned three unique nouns to each group 

of training and control stimuli (e.g., listener Set 2, Control 1). We used a bank of 60 Spanish 
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nouns and randomly assigned 30 (Scarlet, Brittany, and Brian) or 15 (Amber and Alex) nouns to 

each participant. Then, we randomly assigned groups of three nouns to each training and control 

stimuli. We attempted to control the level of difficulty across the training and control stimuli by 

including two nouns with two syllables and one noun with three syllables in each group. 

Additionally, we excluded Spanish nouns that sounded similar to the English translation (e.g., 

“car” and the Spanish word for car, “carro”). See Table 1 for a list of the stimuli assigned to each 

condition for each participant. 

Each session was 12 trials in which the three nouns were presented four times each. We 

randomized the presentation of the three nouns for each session with the exception that the same 

word was not presented three or more times in a row. Additionally, each session included 12 

trials of the same relation (e.g., one session was 12 tact trials). We assigned contingency-

correlated stimuli to each relation to help the participants discriminate what kind of question the 

therapist was going to ask during each session. For Brittany, Brian, Amber, and Alex, we used 

four different Greek symbols displayed on cards that served as the contingency-correlated 

stimuli. For Scarlet, we used cards with brief written descriptions of each relation to serve as the 

contingency-correlated stimuli (e.g., “See picture à say Spanish” for the tact condition). Before 

beginning each session, the therapist showed the participant the contingency-correlated stimulus 

(e.g., the Greek symbol Omega for the tact condition) and told the participant what type of 

question she was going to ask (e.g., “I am going to show you pictures and ask you what they are 

in Spanish” for the tact condition). During listener sessions, the therapist placed pictures of the 

three nouns in a row on the table in front of the participant and said, “Point to [Spanish word]” 

for each trial. After each trial, the therapist randomized the position of the picture cards. During 

tact sessions, the therapist showed a picture to the participant and said, “What is this in 



Texas Tech University, Ashley L. Matter, August 2017  

 59 

Spanish?” each trial. During NFI sessions, the therapist said, “What is [English word] in 

Spanish?” each trial. During FNI trials, the therapist said, “What does [Spanish word] mean?” 

each trial. 

Baseline, pre-tests, and post-tests. We conducted one pre- and post-test session of each 

untaught relation before baseline and after training sessions, respectively (e.g. for nouns assigned 

to the tact condition, we conducted listener, NFI, and FNI pre- and post-test sessions). We 

randomized the order in which the pre- and post-test sessions were conducted with the exception 

that the same relation was tested for consecutive session blocks (e.g., the first eight pre-test 

sessions all tested the NFI relation). Additionally, we conducted baseline sessions of each 

relation with the control stimulus set(s).  

Before each session, the therapist showed the participant the contingency-correlated 

stimulus and described what type of question she was going to ask the participant. Then, the 

therapist said, “I’m not going to tell you if you’re right or wrong, but I want you to try your 

best.” The therapist provided neutral comments (e.g., “Okay”) following correct and incorrect 

responses or 5 s after she stated the instruction if the participant did not respond. The therapist 

unsystematically provided general praise for on-task behavior (e.g., “I like the way you are 

working”) once or twice each session. Following approximately five sessions, the therapist 

provided the participant with noncontingent access to a preferred activity for a brief duration of 

time (e.g., play on the iPad for 5 min).  

For Brittany, we added noncontingent tokens after the 8th pre-test session to signal to her 

how many sessions she needed to complete before she could take a break. We added this 

component because she often asked the therapist how many more questions she had to answer 

before she could have a break and go back to class, suggesting the sessions were aversive to her. 
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We added noncontingent tokens to serve as discriminative stimuli signaling how many sessions 

were left for her to complete before she could take a break. The token board had five open slots, 

signaling to Brittany that she had to receive five tokens before she could have access to a 

preferred activity and go back to class. The therapist gave Brittany a token at the end of each 

session regardless of her performance. After Brittany completed five sessions and had five 

tokens on her token board, the therapist provided Brittany with a preferred activity for 

approximately 5 min and following the activity allowed Brittany to go back to class. We 

continued to use noncontingent tokens with Brittany for all baseline and post-test sessions.  

Training. We implemented a 0-s prompt delay procedure for the first training session for 

each relation. Before each training session, the therapist showed the participant the contingency-

correlated stimulus and described what type of question she was going to ask the participant. 

Then, for the first training session only, the therapist said, “I’m going to ask you the questions 

and then I will tell you the answer to the question. I want you to wait for me to tell you the 

answer and then repeat what I say.” If the participant repeated the therapist, the therapist 

provided enthusiastic and specific praise to the participant (e.g., “That’s right, it’s ‘fresa!’”). If 

the participant responded incorrectly or said the answer at the same time as the therapist, the 

therapist asked the participant to repeat the correct answer. After the participant repeated the 

correct answer, the therapist provided specific praise. For all subsequent training sessions, we 

implemented a 5-s prompt delay procedure. Before beginning the 5-s prompt delay training 

sessions the therapist said, “I’m going to help you if you need help, but I want you to try your 

best.” If the participant responded correctly, the therapist provided enthusiastic and specific 

praise. If the participant responded incorrectly, the therapist told the participant the correct 

answer (e.g., “It’s ‘fresa.’”), asked the participant to repeat the correct answer (“What is it?”), 
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and provided specific praise after the participant said the correct answer (“That’s it, it’s 

‘fresa.’”). If the participant responded incorrectly after the therapist repeated the instruction 

following an incorrect response, the therapist said the correct response and then implemented the 

next trial. The mastery criterion to stop training was three consecutive sessions at 100% correct 

across two days. 

For Brian, we changed the response requirement for the listener training condition at 

session 95. During all subsequent listener baseline and training sessions, we asked Brian to 

engage in a variety of responses to locate the correct picture card instead of pointing to the 

picture card only. For example, we asked Brian to shake the card, hide the card, and knock on the 

card. All other session procedures were the same for subsequent baseline and training sessions. 

For Brittany, we used noncontingent tokens during all training sessions. After session 

144, we began modifying the prompting procedure and order in which we presented the nouns 

each trial for the FNI Set 2 stimuli because she was consistently responding incorrectly to 2 of 

the 3 nouns (“piscina,” the Spanish word for pool, and “pluma,” the Spanish word for pen). At 

session 145, we presented each noun for four consecutive trials instead of presenting each noun 

randomly. At session 155, we removed the word she was consistently responding correctly to 

and presented six consecutive trials of piscina and pluma each. Additionally, following an 

incorrect response, the therapist told Brittany the correct response then translated the Spanish 

word to the English word and prompted Brittany to echo the translation (e.g., No, it’s ‘pool.’ 

‘Piscina’ means ‘pool.’ You say it.”). If Brittany did not translate the Spanish word to the 

English word, the therapist implemented the next trial. At session 164, we conducted sessions 

using the original training procedure. At session 171, we conducted sessions with six consecutive 
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trials of piscina and pluma each with the original error correction procedure. At session 179, we 

implemented sessions using the original training procedure.  

For reasons similar to Brittany, we added noncontingent tokens during training sessions 

with Amber and Alex. We added noncontingent tokens at session 50 for Amber and at session 30 

for Alex. During subsequent session blocks that included baseline and training sessions (e.g., one 

baseline session and four training sessions), we provided the participants with noncontingent 

tokens for completing baseline sessions. Additionally, we changed the prompting procedure for 

Alex at session 60 and asked her to wait 5 s before she answered each question because she often 

answered incorrectly and then said the other two nouns of the stimulus set before the therapist 

could provide feedback. At session 70, we removed the 5 s pause and presented each noun for 

four consecutive trials.  

Contingent reinforcement. We attempted to increase the rate at which Amber and Alex 

were acquiring the foreign-language relations by adding a reinforcement contingency for correct 

responding. We conducted this phase with the tact, NFI, and FNI relations only. The session 

procedures were the same as the training phase except Alex and Amber could earn a token if 

they responded correctly to nine or more trials. We determined the criterion that the participants 

could earn tokens by averaging the number of correct responses made by each participant during 

the last three sessions before beginning the contingent reinforcement phase and rounding up to 

the nearest whole number. We did not change the criterion to earn tokens throughout the phase. 

For each session, the therapist placed a small white board in front of the participant and gave her 

a dry erase marker to mark a tally for every trial that she responded to correctly. At the end of 

each session, the therapist asked the participant to count the tallies. If the participant had nine or 

more tallies, the therapist placed a token on her token board. If the participant had fewer than 
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nine tallies, the therapist encouraged her to try again next time. Each token was worth 1 min with 

the participant’s preferred activity. When the therapist conducted baseline sessions of the control 

nouns during this phase, she did not give the participant the white board and marker but gave the 

participant a token at the end of the session regardless of her performance. 

Alternative error correction. In an attempt to decrease the errors made by Amber and 

Alex during training sessions, we modified the error correction procedure with the tact, NFI, and 

FNI relations only. The sessions were similar to the contingent reinforcement phase except the 

error correction procedure. If the participant responded correctly, the therapist provided 

enthusiastic and specific praise. If the participant responded incorrectly, the therapist told her the 

correct answer, then presented the instruction three times (e.g., What is this in Spanish?”). If the 

participant responded correctly to the instruction, the therapist provided brief praise (e.g., 

“Good”) and moved onto the next trial; if the participant responded incorrectly to the instruction, 

the therapist told her the correct answer. After the therapist presented the instruction three times, 

she prompted the participant to complete three gross motor demands (e.g., “Touch your elbow.”) 

and provided brief praise for each demand the participant completed independently. If the 

participant did not complete the gross motor demand within 3 s, the therapist did not say 

anything and lightly physically guided her to complete the movement. Immediately after the 

participant completed the three gross motor demands, the therapist presented the instruction one 

additional time. If the participant responded correctly to the presentation of the instruction, the 

therapist provided brief praise; if she responded incorrectly, the therapist said the correct 

response and began the next teaching trial.  

Probes. To ensure that the participants acquired the nouns in the trained relations, we 

conducted probe sessions of each relation immediately before beginning post-test sessions. The 
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therapist implemented probe sessions by presenting each noun once and used the same 5-s 

prompt delay procedure that was implemented during training sessions. If the participant 

responded correctly to 100% of trials for each relation, we began the post-test sessions. If the 

participant responded incorrectly on any trial, we conducted additional training sessions of the 

relation until the participant responded at 100% correct for one session. Following additional 

training, the therapist repeated the probe sessions with each relation until the participant 

responded correctly to 100% of trials for each relation. Additionally, we implemented probe 

sessions if one relation was acquired faster relative to the others to determine if the participants 

maintained acquisition of the nouns. We conducted these probe sessions in an unsystematic 

manner as we continued training sessions with the other relations. The number of sessions we 

conducted before we implemented a probe session of the relation that the participants acquired 

faster than other relations ranged from 12 to 39 sessions. 

Choice. We assessed preference for the teaching methods (i.e., listener, tact, NFI, and 

FNI relations) following post-test sessions of the Set 2 stimuli for Scarlet, Brittany, and Brian. 

The therapist placed each contingency-correlated stimulus on a table in front of the participant 

and briefly described each teaching method that was associated with the stimulus while orienting 

the participant to the corresponding stimulus. Then, the therapist asked the participant to select 

their favorite way to learn foreign-language nouns by pointing to the corresponding stimulus. 

After the participants selected their favorite teaching method, we trained the Control 1 (Scarlet, 

Brittany, and Brian) and Control 2 nouns (Scarlet) in the relation that the participants chose. For 

Scarlet, we conducted training with the Control 1 nouns first. Then, we conducted the preference 

assessment again and trained the Control 2 nouns in the relation that Scarlet chose. During 

training, we implemented same procedures as those used during the training condition.  
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Experiment 2 

Participants 

Two pre-kindergarten students, Paula and Albert, participated in the study. Paula and 

Albert were 5 years old when they began the study. Both participants spoke English as their 

native language and spoke no or very few Spanish words. 

Setting and Materials 

We conducted 5 to 8 sessions per day, 1 to 2 times per week in a small observation room 

at the participant’s preschool. Session duration was approximately 15 to 20 min. One wall of the 

room had a one-way mirror. The observation room contained a small table, chairs, and shelves 

with toys. Other materials included picture cards (i.e., stimuli for training), contingency-

correlated stimuli, token boards, tokens, participant-preferred activities (e.g., iPad), a timer, data 

sheets, and occasionally a video camera on a tripod. We included two separate sets of pictures: a) 

one set of pictures of the target nouns which that were used during pre- and post-tests only, and 

b) one set of pictures of the target nouns which that were used during baseline and training 

sessions only.  

Dependent Variables 

The dependent variables were the same as those described in Experiment 1, with one 

exception. Observers did not collect data on the participants’ selection of a teaching strategy 

when given a choice to learn Spanish nouns. Observers collected data using the same procedures 

described in Experiment 1.  

Independent Variable Integrity Measures 

Observers collected data on therapist behavior to determine the extent to which the 

independent variables were implemented as designed for sessions conducted with Paula and 
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Albert. An observer collected treatment integrity data during 81% and 100% of all baseline and 

training sessions for Paula and Albert, respectively, and 100% of all pre- and post-test sessions 

for both Paula and Albert. Observers collected data on correct or incorrect therapist feedback 

during pre-test, post-test, baseline, and training trials. Observers scored therapist feedback as 

correct if the therapist provided the correct consequence following a participant’s correct or 

incorrect response and incorrect of the therapist implemented any other consequences. Treatment 

integrity averaged 99% (range, 92%-100%) and 99% (range, 83%-100%) for Paula and Albert, 

respectively. 

Interobserver Agreement 

A second observer collected data during at least 30% of sessions across all phases and 

stimulus sets for Paula and Albert. We calculated interobserver agreement on a trial-by-trial 

basis. We scored a 1 if both observers scored the same response (i.e., correct or incorrect) and a 0 

if the observers scored a different response. Then, we divided the number of agreements by the 

total number of trials and multiplied by 100. Finally, we calculated the mean percentage 

agreement for each session across all sessions for each participant. Mean percentage agreement 

was 99% (range, 83%-100%) for both Paula and Albert. 

Experimental Design 

We compared the effects of tact training and multiple exemplar tact training (referred to 

as “METT” for the remainder of the manuscript) on speed of acquisition using a multielement 

design embedded within a multiple probe design across four sets of stimuli. Two groups of 

stimuli (Set 1 and Set 2) were assigned to the tact training and METT conditions. Set 1 included 

the Tact 1 and METT 1 conditions, and Set 2 included the Tact 2 and METT 2 conditions. Two 

groups of stimuli were assigned to control conditions (Control 1 and Control 2). Control 1 
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included the Tact Control 1 and METT Control 1 conditions, and Control 2 included the Tact 

Control 1 and Mixed Control 2 conditions. Each separate set of stimuli contained 3 unique nouns 

each. Additionally, we conducted pre- and post-test sessions before baseline and after training 

with each set of stimuli to assess emergence of untaught relations following tact training and 

METT. We used one set of pictures during pre- and post-test sessions only and another set of 

pictures during baseline and training sessions only. For the nouns assigned to the tact condition, 

we used two pictures of each noun; one picture was used during pre- and post-test sessions and 

one picture was used during baseline and training sessions. For the nouns assigned to the METT 

condition, we used five pictures of each noun; one picture was used during pre- and post-test 

sessions and four pictures of each noun were used during baseline and training sessions. These 

procedures allowed us to determine the effects of tact training and METT on stimulus 

generalization during tact and listener post-test sessions.  

General Procedure 

 We used a bank of 24 nouns and assigned three unique nouns to each condition using the 

same procedures as Experiment 1, except we counterbalanced the eight sets of three nouns across 

all conditions for each participant. However, some sets of words contained different nouns across 

participants in instances in which a participant could not independently tact pictures of a target 

noun in English. See Table 2 for a list of the stimuli assigned to each condition for each 

participant. Each session was 12 trials, in which the three target nouns were presented four times 

each. During tact sessions, all 12 trials tested the tact relation and one picture of each noun was 

presented four times each. During METT sessions, all 12 trials tested the tact relation and four 

different pictures of each noun were presented. Thus, each picture was different for every trial. 

Before each METT session, the therapist shuffled all the picture cards assigned to the condition 
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(e.g., METT Set 2) and created a stack with all of the pictures facing up. To determine which 

picture to present on each trial, the therapist found the picture closest to the top of the stack that 

corresponded with the next noun presented on the datasheet and used that picture for the trial. 

After the therapist presented the card, she placed it in another pile so that she did not present it 

again and then selected the next picture for the following trial using the same method. We 

randomized the presentation of the nouns within each session with the exception that the same 

noun could not be presented three times or more in a row across both conditions. The tact 

instruction was presented in both tact and METT sessions in the same manner as Experiment 1. 

Throughout the study, participants earned tokens that they could trade in for access to preferred 

items. At the end of each session block, the therapist either (a) gave the participant a preferred 

activity for a brief period of time (pre- and post-tests sessions) or (b) counted the number of 

tokens the participant earned and gave the participant his or her preferred activity for the 

duration of time that corresponded with the number of tokens (baseline and training sessions).  

Preassessment procedures. We conducted similar preassessment procedures as 

Experiment 1 before conducting pre-test sessions with one exception. That is, we conducted the 

tact test with five different pictures of each noun. 

Pre-tests and post-tests. We conducted pre- and post-test sessions using the same 

procedures as Experiment 1, with six exceptions. First, tact, listener, NFI, and FNI relations were 

tested with each set of stimuli. Second, the participants earned one noncontingent token 

following each pre- and post-test session. We selected a predetermined number of sessions to 

conduct with the participants (ranging from 5-7) and used a token board with the corresponding 

number of slots to fill. After the participant filled their token board slots, he or she had the 

opportunity to choose to play with an, iPad, a white board and markers, or play-doh for 4 to 5 
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min. Albert always filled up his token board to go back to class during pre- and post-test 

sessions. If the participant finished the predetermined number of sessions before the allotted 

duration of time, the therapist conducted additional sessions and provided the participant with 

their preferred item for a brief duration of time (or gave Albert additional high-fives) following 

the block of sessions (e.g., 2 to 3 min). Third, the therapist told the participant before each pre- 

and post-test session that he or she could earn a token regardless of his or her performance. 

Fourth, before conducting each post-test session only, the therapist said, “I’m not going to tell 

you if you’re right or wrong but I want you to try your best. Some of the words I say could be 

words you’ve learned, and some could be words you haven’t learned. You will get a token no 

matter how you do.” Fifth, the therapist unsystematically reminded the participant once or twice 

each session that he or she can guess the answer if he or she consistently said “I don’t know” or 

did not respond to the therapist’s instructions. Sixth, the therapist used a different set of pictures 

(one for each noun) during listener and tact pre- and post-test sessions than those that were used 

during baseline and training sessions. All other procedures were the same as those implemented 

during Experiment 1.  

Baseline. Following pre-test sessions, we conducted baseline sessions. Before each 

session, the therapist told the participant, “I am going to show you pictures and ask you what 

they are in Spanish. I’m not going to tell you if you’re right or wrong, but I want you to try your 

best. You will get a token no matter how you do.” During tact sessions, the therapist showed the 

same three pictures of each noun four times each; during METT sessions, the therapist presented 

a different picture for each noun. At the end of each baseline session, the participant received a 

noncontingent token that was different from those used during pre-test, post-test, and training 

sessions and were worth 30 s of time with a preferred leisure item (or one high-five for Albert). 
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The token was green and had “30 s” printed on it to represent 30 s of time the participant earned 

with his or her preferred activity. For baseline sessions, the participant did not need to fill the 

slots on their token board to receive a break with the leisure item; rather, after a block of sessions 

were completed, the participant received access to the item (or a high-five) based on how many 

tokens he or she earned. Similar to pre- and post-test sessions, the therapist unsystematically 

reminded the participant once or twice each session that he or she can guess the answer if he or 

she consistently said “I don’t know” or did not respond to the therapist’s instructions. All other 

procedures were the same as those used during Experiment 1.  

Training. We implemented a 0-s prompt delay procedure for the first training session for 

each stimulus set. Before each training session, the therapist said, “I am going to show you 

pictures and ask you what they are in Spanish.” Then, for the first training session only, the 

therapist said, “I’m going to ask you the questions and then I will tell you the answer to the 

question. I want you to wait for me to tell you the answer and then repeat what I say. If you 

repeat what I say, you get a token! Each token is worth 5 s of time with (preferred item). The 

more tokens you earn, the longer you can play with (preferred item)! After we are done, you can 

trade in your tokens to play with (preferred item).” If the participant repeated the answer, the 

therapist provided specific praise (e.g., “That’s right, it’s ‘fresa!’”) and placed a token on the 

token board. If the participant responded incorrectly, did not respond within 5 s of the 

instruction, or said the answer at the same time as the therapist, the therapist asked the participant 

to repeat the correct answer (“Say, ‘fresa’”). If the participant repeated the correct answer, the 

therapist provided specific praise but did not deliver a token. If the participant did not repeat the 

correct answer following the additional prompt, the therapist said the correct response and then 

conducted the next trial. When participants earned 12 training tokens, the therapist placed a 
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green token with “1-min” printed on it on the token board which represented one minute of time 

the participant earned with his or her preferred activity. Albert earned the same tokens as Paula 

contingent on each correct response (i.e., the tokens worth 5-s of time with a preferred activity), 

however, we placed a high-five token on the board when he earned 12 of the 5-s tokens instead 

of a “1-min” token.  

For all subsequent training sessions, we implemented a 5-s prompt delay procedure. 

Before beginning each 5-s prompt delay training session, the therapist described the type of 

question she was planning on asking and then said, “I’m going to help you if you need help, but I 

want you to try your best. If you get the answer right the first time, you get a token! Each token 

is worth 5 s of time with (preferred item). The more tokens you earn, the longer you can play 

with (preferred item)! After we are done, you can trade in your tokens to play with (preferred 

item).” If the participant responded correctly, the therapist provided specific praise and placed a 

training token on the token board. If the participant responded incorrectly or did not respond 

within 5 s of the instruction, the therapist said the correct answer (e.g., “It’s ‘fresa.’”) and 

repeated the instruction (“What is this in Spanish?”). If the participant responded correctly to the 

prompt, the therapist provided specific praise but did not deliver a token. If the participant 

responded incorrectly after the additional prompt, the therapist said the correct answer and then 

implemented the next trial. During training sessions, the therapist delivered tokens different from 

those used during pre-test, post-test, and baseline sessions which were worth 5 s of time with the 

preferred activity. The mastery criterion was two consecutive sessions with 11 or 12 out of 12 

trials correct. If the nouns in one condition were acquired faster the nouns in the other condition, 

the therapist conducted one 5-s prompt delay training session with the nouns in the condition that 

was mastered (e.g., Tact Set 1) for every 5 training sessions conducted with the nouns in the 
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other condition (e.g., Mixed Set 1). Furthermore, if a break in sessions occurred after the 

participants met the mastery criterion and before we planned to conduct post-tests, we conducted 

additional training sessions until the participant responded correctly to 11 or 12 out of 12 trials 

for one session before we conducted post-tests. 
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Experiment 3 

Participants 

Two pre-kindergarten students, Sabrina and Renee, participated in the study. Sabrina and 

Renee were 4 years old when they began the study. Both participants spoke English as their 

native language and spoke no or very few Spanish words. 

Setting and Materials 

We implemented sessions in the same setting and used the same materials as Experiment 

2, with one exception: The therapist used contingency-correlated stimuli to signal to the 

participants which teaching method she planned to implement during all baseline and training 

sessions. 

Dependent Variables 

The dependent variables were the same as those described in Experiment 1, with three 

exceptions. First, we collected data on an additional dependent variable: the total number of 

training sessions required for the participants to acquire the nouns in all four relations. Total 

training sessions included the number of sessions during the Training phase to meet the mastery 

criterion addition to the total number of sessions during the Training 2 phase we conducted 

following post-test sessions (described below). Second, observers collected data on the 

participants’ selection of a teaching strategy when given a choice between tact and mixed 

training. Observers collected data using the same procedures described in Experiment 1, except 

the participants chose between tact and mixed training. Third, we included an additional error 

type into the error analysis: selecting an incorrect picture during listener trials within the mixed 

condition.  
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Independent Variable Integrity Measures 

Observers collected data on therapist behavior to determine the extent to which the 

independent variables were implemented as designed for sessions conducted with Sabrina and 

Renee. An observer collected treatment integrity data during 98% and 91% of all baseline and 

training sessions for Sabrina and Renee, respectively. Additionally, an observer collected 

treatment integrity data during 98% and 88% of all pre- and post-test sessions for Sabrina and 

Renee, respectively. Observers collected data on correct or incorrect therapist feedback during 

pre-test, post-test, baseline, and training trials. Observers scored therapist feedback as correct if 

the therapist provided the correct consequence following a participant’s correct or incorrect 

response and incorrect of the therapist implemented any other consequences. Treatment integrity 

averaged 99% (range, 83%-100%) and 99% (range, 92%-100%) for Sabrina and Renee, 

respectively. 

Interobserver Agreement 

A second observer collected data for at least 30% of sessions across all phases and 

stimulus sets for Sabrina and Renee. We calculated interobserver agreement on a trial-by-trial 

basis. We scored a 1 if both observers scored the same response (i.e., correct or incorrect) and a 0 

if the observers scored a different response. Then, we divided the number of agreements by the 

total number of trials and multiplied by 100. Finally, we calculated the mean percentage 

agreement for each session across all sessions for each participant. Mean percentage agreement 

was 99% (range, 92%-100%) for both Sabrina and Renee. 

Experimental Design 

We compared the effects of tact training alone to combined tact, listener, NFI and FNI 

training (i.e., mixed training) on speed of acquisition using the same design as Experiment 2 with 
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two exceptions. First, we replaced the METT condition with the mixed condition. Second, we 

used one picture of each noun throughout all sessions.   

Preassessment procedures 

We conducted the same preassessment procedures as Experiment 1 before conducting 

pre-test sessions.  

General Procedure 

 We used a bank of 24 nouns and assigned three unique nouns to each condition using the 

same procedures as Experiment 2. See Table 3 for a list of the stimuli assigned to each condition 

for each participant. Each session was 12 trials, in which the three target nouns were presented 

four times each. During tact sessions, all 12 trials tested the tact relation. During mixed sessions, 

each noun was tested in the listener, tact, NFI, and FNI relations once. Thus, sessions consisted 

of three listener trials, three tact trials, three NFI trials, and three FNI trials with each unique 

noun. We randomized the presentation of the nouns within each session with the exception that 

the same noun was not presented three times or more in a row. We also randomized the 

presentation of the trial type that we conducted with each noun for the mixed condition using the 

same procedure. See Appendix C for an example of a mixed baseline and training datasheet. The 

tact, listener, NFI, and FNI instructions were presented in the same manner as Experiment 1. 

Additionally, we assigned contingency-correlated stimuli to the tact and mixed conditions during 

baseline and training sessions to help the participants discriminate what type of question(s) the 

therapist asked during each session. The stimuli included two random symbols. Throughout the 

study, the participants earned tokens that they traded for access to preferred items. At the end of 

each session block, the therapist either (a) gave the participant a preferred activity for a brief 

period of time (pre- and post-tests sessions) or (b) counted the number of tokens the participant 
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earned and gave the participant his or her preferred activity for the duration of time that 

corresponded with the number of tokens (baseline and training sessions).  

Pre-tests and post-tests. We implemented the pre- and post-test sessions using similar 

procedures as Experiment 2 except we included the same pictures used during baseline and 

training sessions during listener and tact pre-test and post-test sessions. 

Baseline. Following pre-test sessions, we conducted tact baseline sessions using the same 

procedures as Experiment 2 with four exceptions. First, before conducting tact baseline sessions, 

the therapist showed the participant the contingency-correlated stimulus and told the participant, 

“This card means I am going to show you pictures and ask you what they are in Spanish. I’m not 

going to tell you if you’re right or wrong, but I want you to try your best. You will get a token no 

matter how you do.” Second, before conducting mixed baseline sessions, the therapist told the 

participant, “This card means I am going to ask you different types of questions about Spanish 

words. I want you to listen carefully so you know what my question is. I’m not going to tell you 

if you’re right or wrong, but I want you to try your best. You will get a token no matter how you 

do.” Third, the therapist presented the same pictures used during pre- and post-test sessions 

during baseline sessions. Fourth, we presented listener, NFI, and FNI trials during mixed 

sessions using the same procedures as Experiment 1. All other procedures were the same as those 

used during Experiment 2. 

Training. Following baseline, we conducted training sessions using similar procedures as 

Experiment 2 with five exceptions. First, before conducting training sessions, the therapist 

showed the participant the contingency-related stimulus and described what type of question she 

planned on asking (e.g., This card means I am going to ask you different types of questions about 

Spanish words) followed by instructions about how the participant can earn tokens. Second, the 
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therapist used same pictures used during pre- and post-test during training sessions. Third, if a 

short break in sessions (between 1 and 2 weeks) occurred after the participant met the mastery 

criterion and before we planned to conduct post-tests, we conducted additional training sessions 

until the participant responded to 11 or 12 out of 12 trials correct for one session before we 

conducted post-tests. If there was a long break in sessions (longer than 3 weeks), we conducted 

additional training sessions until the participants met the original mastery criterion (2 

consecutive sessions with 11 out of 12 trials correct) before we conducted post-tests. Fourth, we 

presented listener, NFI, and FNI trials during mixed sessions using the same procedures as 

Experiment 1. Fifth, we modified the quality of praise the therapist delivered contingent on 

correct responses for Renee only during the last five sessions of tact training with her Tact Set 2 

stimuli only. Renee engaged in behaviors during tact training with the Set 2 stimuli suggesting 

that the sessions were aversive to her (e.g., laying on the floor; telling the therapist she was tired; 

trying to engage in a conversation with the therapist in between training trials). In addition, 

Renee’s level of correct responding was relatively stable and she made slow progress during this 

phase. We believed that perhaps the quality of praise that the therapist was delivering was not 

serving as a strong reinforcer for correct responding. Therefore, at session 67, the therapist began 

providing overly-enthusiastic praise (e.g., throwing her hands in the air while saying Renee was 

right; tickling Renee; using a high pitch voice) contingent on Renee’s correct responses. All 

other training procedures were the same as Experiment 2. 

Training 2. To determine the total number of sessions needed for the participants to 

respond correctly to all four relations following mixed and tact training, we conducted additional 

training sessions if the participants did not maintain the trained relations (mixed training) or 

derived relations (tact training) at a high level during post-test sessions. If the participant did not 
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meet the post-test mastery criterion by responding correctly to 10 or more trials during post-test 

sessions for any relation, we trained the specific relation(s). We trained each relation separately 

in a blocked-trial format. For example, if a participant responded correctly to 8 out of 12 trials 

during the FNI post-test session for the nouns assigned to the Tact Set 1 stimuli, we implemented 

FNI training sessions by presenting 12 FNI trials with the Tact Set 1 nouns during one session. 

We implemented listener, tact, NFI, and FNI instructions using the same procedures as 

Experiment 1. Additionally, we used tokens and implemented the error correction procedure 

described in the training section of Experiment 2. If the participant responded correctly to 9 or 

fewer for more than one type of relation during post-tests, we trained each relation concurrently 

and randomized the order in which we trained the specific relations. The mastery criterion was 

one session with 11 out of 12 correct responses. There was one circumstance in which we did not 

conduct additional training sessions following post-tests sessions: If the participant acquired the 

nouns in one condition faster (e.g., tact) than the other, and the participant met the post-test 

mastery criterion across all post-tests within that same condition (e.g., tact) compared to the 

nouns assigned to the other condition.  

Choice. We implemented the choice phase using similar procedures as Experiment 1 

with two exceptions. First, the participants chose between tact and mixed training. Second, we 

used the training procedures described in the current study to teach the participants the nouns in 

the relation they chose.  

Maintenance. We collected maintenance data of the trained and tested relations of the 

Tact Set 1 and Mixed Set 1 stimuli after completing the choice phase, approximately two months 

after both participants completed the training phase. We presented each trial type of each noun 

once for the six nouns that were assigned to the tact and mixed training conditions. Thus, there 



Texas Tech University, Ashley L. Matter, August 2017  

 79 

were 24 trials total (six nouns, four trial types for each noun). We randomized the presentation of 

each noun and trial type. We conducted sessions similar to training sessions with two exceptions. 

First, we provided a neutral response for incorrect responses (“That’s okay”) as opposed to 

implementing an error correction procedure, and provided a token and praise for correct 

responses. Second, the therapist said the following instructions before conducting maintenance 

trials “I am going to ask you some different questions. You can earn tokens if you are right and 

trade them in for something fun after we’re done. If you don’t know the answer, that’s okay, but 

I’m not going to tell you the answer.” We provided reinforcement contingencies for correct 

responses as opposed to extinction contingencies to rule out the possibility that incorrect 

responses occurred a result of extinction contingencies instead of a skill deficit. At the 

conclusion of the 24 trials, the participants traded in their tokens for access to a preferred item 

for a short duration of time (4 to 5 min).  
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CHAPTER IV 

RESULTS 
Experiment 1 

Figures 1, 2, and 3 show the number of correct responses during baseline and training 

phases across the four stimulus sets for Scarlet, Brittany, and Brian, respectively. Figures 4 and 5 

show the number of correct responses during baseline, 5-s prompt delay, contingent 

reinforcement, and alternative error correction phases across two stimulus sets for Amber and 

Alex, respectively. During baseline, all participants responded correctly at low levels across all 

stimulus sets excluding one session for Scarlet. At session 77, Scarlet correctly responded to all 

trials during a FNI baseline session with the Control 2 nouns due to a treatment integrity error in 

which Scarlet read the target nouns on a data sheet before the session began. Scarlet responded 

correctly at low levels for all subsequent baseline sessions with the Control 2 nouns. During the 

first training session (0-s prompt delay; data not shown), Scarlet responded correctly to 11 out of 

12 trials for the Listener Set 2 nouns and 12 out of 12 trials for all other sets that were trained. 

Brittany responded correctly to 10 out of 12 trials for the first training session with the FNI Set 1 

nouns, and 12 out of 12 trials correct for all other trained sets. Brian responded correctly to 11 

out of 12 trials for the first training session with the Tact Set 1 nouns, 10 out of 12 trials for the 

FNI Set 2 nouns, 11 out of 12 trials for the Listener Set 2 nouns, and 12 out of 12 trials correct 

for all other trained sets. Amber responded correctly to 10 out of 12 trials for the first training 

session with the Tact Set 1 and NFI Set 1 nouns, 11 out of 12 trials for the Listener Set 1 nouns, 

and 12 out of 12 trials for the FNI Set 1 nouns. Alex responded correctly to 8 out of 12 trials for 

the first training session with the Tact Set 1 nouns, 10 out of 12 trials for the FNI Set 1 nouns, 

and 12 out of 12 trials for the Listener Set 1 and NFI Set 1 nouns. For all other training sessions, 

correct responding increased across all conditions for all participants relative to baseline.  
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Table 4 lists the number of sessions the participants completed before meeting the 

mastery criterion across all trained relations and stimulus sets and the preferred teaching method 

for participants who completed the choice phase of the study. During training, Scarlet acquired 

all relations across the Set 1 and Set 2 stimuli in a similar number of sessions. Brittany did not 

meet the mastery criterion for the nouns trained in the FNI relation of the Set 2 stimuli even 

though we made several modifications to the training procedures. However, she acquired all 

other relations across the Set 1 and Set 2 stimuli in a similar number of sessions. Brian acquired 

the nouns trained in the FNI relation of the Set 1 stimuli in the fewest number of sessions and the 

nouns trained in the listener relation of the Set 1 stimuli in the most number of sessions. After we 

modified the response requirement for listener training, Brian met the mastery criterion in 11 

sessions. Brian acquired all other relations across the Set 1 and Set 2 stimuli in a similar number 

of sessions. Amber and Alex acquired the listener relation in the fewest number of sessions 

compared to the other three relations. Additionally, both participants met the mastery criterion 

for the nouns trained in the listener relation during the original training phase. Alex and Amber 

did not acquire the other three relations during the contingent reinforcement phase, but did meet 

the mastery criterion for the nouns trained in the tact (Amber and Alex) and FNI relations (Alex) 

during the alternative error correction phase. Amber did not meet the mastery criterion for the 

nouns trained in both intraverbal relations and Alex did not meet the mastery criterion for the 

nouns trained in the NFI relation due to time constraints. However, Amber responded correctly 

for a majority of trials for both relations during the last few sessions of the alternative error 

correction phase. All participants except Amber and Alex correctly responded to 100% of probe 

trials across all relations and stimulus sets immediately before we conducted post-test sessions; 

Amber and Alex correctly responded to 67% (2 of 3 trials) of probe trials for the NFI relation 
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before we began post-test sessions. Some participants required additional training sessions 

(between one to three sessions) before correctly responding to all probe trials across relations and 

stimulus sets. We also made several modifications to training sessions with most participants. A 

summary of the modifications we made to the procedures with individual participants can be 

found in Table 5.    

We conducted the choice phase with Scarlet, Brittany, and Brian only. The results 

demonstrated that Scarlet preferred the tact and listener relations, Brittany preferred the tact 

relation, and Brian preferred the listener relation. We were unable to conduct the choice phase 

with Amber and Alex due to time constraints. However, both Amber and Alex expressed on 

multiple occasions that they enjoyed learning the nouns assigned to the listener relation 

whenever we conducted those training sessions (e.g., clapping when the therapist brought out the 

picture cards, requesting the picture cards). 

 Table 6 shows the frequency of each type of error made by Scarlet during baseline and 

training phases across tact, NFI, and FNI conditions. During tact and NFI baseline sessions, 

Scarlet would often say a nonsense word, “bova,” or would say “boca,” which is Spanish for 

mouth, following most instructional trials. During FNI baseline sessions, Scarlet would say the 

English words for the nouns assigned to the other sets of stimuli. If she did not answer using a 

Spanish or English word, she would often say “I don’t know.” During training, Scarlet made few 

errors across all stimulus sets. She most frequently said “I don’t know” when presented an 

instructional trial as opposed to responding using a Spanish or English word. Scarlet provided an 

incorrect response most often during FNI training sessions with the Set 1 stimuli, in which she 

typically said an incorrect English word from different stimulus sets.  
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 Table 7 shows the frequency of each type of error made by Brittany during baseline and 

training phases across tact, NFI, and FNI conditions. During tact baseline sessions, Brittany 

frequently tacted the pictures in English. During all other baseline sessions, Brittany most 

frequently said “I don’t know” following instructional trials. During training with Tact Set 1 and 

NFI Set 1 stimuli, Brittany would often say “I don’t know” rather than respond using a Spanish 

word. When she did say and incorrect Spanish word, she most often said an incorrect word from 

within the stimulus said and occasionally said an incorrect word from a different stimulus set. 

Interestingly, with the Tact Set 2 and NFI Set 2 stimuli, Brittany would say an incorrect Spanish 

word or nonsense word more often than saying “I don’t know.” Brittany would occasionally say 

an incorrect Spanish word from the NFI Set 2 stimulus set during Tact Set 2 training and vice 

versa, but most of the errors she emitted was an incorrect Spanish word from within the 

corresponding stimulus set. During FNI training sessions, Brittany would often say an incorrect 

English word as opposed to saying “I don’t know.” When she did say an incorrect English word 

during FNI Set 1 training, the word was within that stimulus set for a majority of trials. Brittany 

made frequent errors during FNI Set 2 training because she would often confuse the Spanish 

word for pool, piscina, with the Spanish word for pen, pluma, and vice versa. The FNI Set 2 

stimulus set was the only set of words with which Brittany did not meet the mastery criterion 

during training.  

 Table 8 shows the frequency of each type of error made by Brian during baseline and 

training phases across tact, NFI, and FNI conditions. During all baseline trials, Brian would say 

an English word following each instructional trial. Brian frequently said words such as “sit,” 

“run,” and “walk” during NFI and FNI baseline trials. During tact baseline trials only, Brian 

would often say an English verb that was associated with the picture shown on each trial (e.g., 
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“wash” for a picture of soap). During training sessions across all conditions, Brian most 

frequently responded incorrectly by saying an incorrect word as opposed to saying “I don’t 

know” or not responding. Brian made very few errors during FNI Set 1 and Set 2 training. A 

large portion of errors made by Brian during NFI training trials was saying a Spanish word from 

the Tact Set 1 stimulus set. Brian would occasionally say an incorrect Spanish word from the 

NFI Set 1 stimuli during Tact Set 1 training also, but most of his errors included words from 

within the corresponding stimulus set. During NFI Set 2 training, Brian said incorrect words 

from NFI Set 1, Tact Set 1, and Tact Set 2 stimuli for a majority of the training trials. We saw 

similar errors during Tact Set 2 training, but with nouns from fewer stimulus sets. Interestingly, 

during the first Tact Set 2 training session, Brian continued to say the English words he said 

during baseline trials. However, he stopped emitting these errors for the remainder of the training 

sessions.  

 Table 9 shows the frequency of each type of error made by Amber during baseline and 

training phases across tact, NFI, and FNI conditions. During all baseline trials, Amber said “I 

don’t know” in response to the instruction. During tact and NFI training, Amber frequently did 

not respond, or said “I don’t know,” rather than saying an incorrect Spanish word. During FNI 

training, Amber said an incorrect English word, “I don’t know,” and did not respond at similar 

levels whenever she made an error. Amber frequently responded incorrectly during FNI training 

by saying an incorrect English word from within the same stimulus set. Amber did not meet the 

mastery criterion during the NFI and FNI training conditions. 

Table 10 shows the frequency of each type of error made by Alex during baseline and 

training phases across tact, NFI, and FNI conditions. During tact and NFI baseline trials, Alex 

most frequently said “I don’t know” and occasionally said a nonsense word. During FNI baseline 
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trials, Alex would often say an incorrect English word not related to the stimuli (chair, rock, 

sand). During tact training, Alex would say an incorrect Spanish word and “I don’t know” at 

similar levels. Alex most frequently said an incorrect Spanish word from within the stimulus set 

during tact training, and would occasionally say one incorrect word from the NFI stimulus set. 

During NFI training trials, Alex said an incorrect Spanish word more often than saying “I don’t 

know.” The incorrect Spanish word that Alex typically said during NFI training trials was an 

incorrect word from within the set of nouns trained in that condition, but she occasionally said 

words from different stimulus sets. During tact and NFI training, Alex sometimes erred by 

saying nonsense words that sounded very similar to the correct response for a trial (e.g., “vest” 

for “vestido;” “narizo,” for “nariz”). Alex did not meet the mastery criterion during NFI training. 

During FNI training, Alex almost exclusively said an incorrect English word when she emitted 

an error, which was often an incorrect English word from within the stimulus set.  

Figure 6 shows the pre- and post-test results of the Set 1 stimuli for Scarlet. Scarlet 

responded correctly at low levels during the pre-tests across all untrained relations. We observed 

similar levels of emergence during post-test sessions for the nouns trained in the tact, NFI, and 

FNI relations (see “Total” at the top of each bar graph). The lowest levels of emergence occurred 

during the tact test for the nouns trained in the listener relation. Scarlet responded correctly at 

low levels across the pre- and post-tests for the Control 1 nouns. For the Set 2 stimuli, we 

observed similar results as those obtained with the Set 1 stimuli except total emergence occurred 

for the nouns trained in the tact and NFI relations. Additionally, low levels of emergence 

occurred during the tact and NFI tests as opposed to only the tact test for the nouns trained in the 

listener relation. Scarlet completed post-test sessions with the Set 1 and Set 2 stimuli in two, 15 

to 20 min session blocks in one day.  
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Figure 7 shows the pre- and post-test results of the Set 1 and Set 2 stimuli for Brittany. 

Brittany responded correctly at low levels during all pre-test sessions. During post-test sessions, 

we observed the highest levels of overall emergence for the nouns trained in the tact relation, 

with total emergence occurring during the listener and NFI test (see “Total” at the top of each bar 

graph). Nouns trained in the NFI and listener relations resulted in lower levels of overall 

emergence, and the nouns trained in the FNI relation resulted in the lowest levels of overall 

emergence to untrained relations. Brittany responded correctly at low levels during the pre- and 

post-test sessions for the Control 1 nouns. The results of the pre- and post-tests with the Set 2 

stimuli replicate the results of the Set 1 stimuli except total emergence to all untrained relations 

occurred for the nouns trained in the tact and NFI relations. It is interesting to note the 

similarities between the post-test results across the FNI Set 1 and Set 2 stimuli although Brittany 

did not meet the meet the mastery criterion during training with FNI Set 1 stimuli. Brittany 

completed post-test sessions with the Set 1 stimuli in two, 15 to 20 min session blocks across two 

days and the Set 2 stimuli in two session blocks across four days. 

Figure 8 shows the pre- and post-test results of the Set 1 and Set 2 stimuli for Brian. 

Brian responded correctly at low levels during all pre-tests. During the post-tests, Brian engaged 

in the highest levels of overall correct responding for the nouns trained in the tact and NFI 

relations (see “Total” at the top of each bar graph). Total emergence occurred during the listener 

and NFI tests for the nouns trained in the tact relation whereas moderate levels of emergence 

occurred across all untrained relations for nouns trained in the NFI relation. Lower levels of 

overall emergence occurred for the nouns trained in the FNI relation, with zero correct responses 

for the tact test. We observed the lowest levels of overall emergence for the nouns trained in the 

listener relation, with zero correct responses during the FNI test. We observed low levels of 
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correct responding during the pre- and post-tests with the Control 1 nouns. For the Set 2 stimuli, 

Brian responded correctly at low levels across all of the pre-tests. Brian engaged in a higher 

frequency of correct responses overall during the post-test sessions with the Set 2 stimuli 

compared to the Set 1 stimuli excluding the nouns trained in the FNI relation. We observed the 

highest levels of overall emergence for the nouns trained in the tact relation, with total 

emergence occurring during the listener and FNI tests. Moderate levels of overall emergence 

occurred for the nouns trained in the listener and NFI relations and the lowest overall levels for 

the nouns trained in the FNI relation. Brian responded correctly at low levels during the pre- and 

post-test sessions of the Control 2 stimuli. Brian completed post-test sessions with the Set 1 and 

Set 2 stimuli in two, 15 to 20 min session blocks across two days.  

 Figure 9 shows the pre- and post-test results for Amber. Amber engaged in low-to-zero 

levels of correct responding during the pre- and post-test sessions across all trained relations and 

the control nouns. Amber responded slightly above chance level during all listener post-test 

sessions. Amber completed post-test sessions with the Set 1 stimuli in one, 15 to 20 min session 

block. 

Figure 10 shows the pre- and post-test results for Alex. Alex responded correctly at low 

levels during all pre-tests. We observed the highest levels of overall emergence for the nouns 

trained in the tact relation, with total emergence occurring during the listener test (see “Total” at 

the top of each bar graph). We observed the second highest levels of overall emergence for the 

nouns trained in the listener relation, with total emergence occurring during the FNI test. The 

lowest levels of overall emergence occurred for the nouns trained in the NFI and FNI relations. 

Alex responded correctly at low levels across all pre- and post-tests sessions of the Control 1 
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stimuli. Alex completed post-test sessions with the Set 1 stimuli in two, 15 to 20 min session 

blocks across two days.  

 Figure 11 shows a summary of all the participants pre- and post-test results combined. 

The graphs display the percentage of trials correct across all pre- and post-test sessions which we 

calculated by dividing the number of trials correct by the total number of trials across all of the 

participant’s pre- and post-test sessions. The results show that tact training produced the highest 

levels of overall emergent responding across all post-test sessions (81%). Additionally, nouns 

trained in the tact condition resulted in the highest percentage of correct responding to the 

listener and NFI test compared to all other training methods. NFI training resulted in the second 

highest levels of overall emergence (72%), which produced high levels of emergence to the 

listener test and moderate levels of emergence to the FNI and tact tests. Listener and FNI training 

resulted in similar levels of overall emergence (55% and 50%, respectively). Listener training 

produced the highest levels of emergence during the FNI test, with lower levels of emergence to 

the tact and NFI tests, and FNI training produced high levels of emergence to the listener test and 

very low levels to the NFI and tact tests. The summary graphs show patterns of correct 

responding that are similar to most of the participants’ responding, with the post-test results of 

the nouns trained in the listener and FNI relations being the most similar.  

Experiment 2 

Figures 12 and 13 show the number of correct responses during baseline and training 

phases across the four stimulus sets for Paula and Albert, respectively. During baseline, both 

participants never responded correctly across all stimulus sets. During the first training session 

(0-s prompt delay; data not shown), Paula and Albert responded correctly to 12 out of 12 trials 

for all sets that were trained. For all other training sessions, correct responding increased across 
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all conditions for both participants relative to baseline. Tables 11 and 12 lists the number of 

sessions completed to meet the mastery criterion across the tact and METT conditions for Paula 

and Albert, respectively. Both participants required additional training sessions after they met the 

mastery criterion initially because a break in sessions (due to holiday breaks) occurred before we 

planned to conduct post-tests. Therefore, Tables 11 and 12 shows the number of sessions the 

participants completed to meet the mastery criterion the first time.  

Paula met the mastery criterion in fewer sessions for the nouns assigned to the METT 

condition compared to the tact condition across the Set 1 and Set 2 stimuli. However, the 

difference in the number of sessions was relatively small (between two and four sessions). Paula 

acquired the nouns assigned to both sets of stimuli before a holiday break occurred in her school; 

therefore, we conducted additional training sessions following the break in sessions to make sure 

she maintained the trained relations before we conducted post-tests. Paula maintained the Set 1 

trained relations, but not the Set 2 trained relations based on the more stringent mastery criterion 

we implemented for the longer break (approximately 3 weeks) that occurred with the Set 2 

stimuli compared to the Set 1 stimuli (1 week). She re-met the mastery criterion with the Tact Set 

2 nouns in five training sessions and with the Mixed Set 2 nouns in four training sessions. 

Initially, we observed differentiation in the level of correct responding across the two conditions 

for Paula’s Set 1 stimuli, in that higher levels of correct responding occurred with tact training 

condition compared to the METT condition. However, higher levels of correct responding 

occurred with the nouns assigned to the METT condition compared to the tact condition later in 

the training phase.  

Albert met the mastery criterion for the nouns assigned to the tact and METT conditions 

in a similar number of sessions across both stimulus sets even though a 35-day break occurred 



Texas Tech University, Ashley L. Matter, August 2017  

 90 

during the training phase with the Set 2 stimuli compared to no break to initially meet the 

mastery criterion with the Set 1 stimuli. Albert acquired the nouns assigned to Set 1 stimuli 

before a holiday break (12 days), thus, we conducted additional training sessions to make sure he 

maintained the trained relations before we implemented post-tests. Albert maintained the trained 

relations of the Tact Set 1 nouns and required one additional training session to meet the mastery 

criterion for the nouns assigned to the Mixed Set 1 condition.  

Table 13 shows the frequency of each type of error made by Paula during baseline and 

training phases across the Tact and METT conditions. Paula almost exclusively said “I don’t 

know” when she made an error during baseline trials across all conditions. During training trials 

across the Tact Set 1 and METT Set 1 stimuli, Paula would frequently say “I don’t know” when 

she made an error, and would often say an incorrect Spanish noun. During training with the Tact 

Set 2 and METT Set 2 stimuli, during which she made much fewer errors, she continued to say 

“I don’t know” more often than saying an incorrect Spanish word. When she said an incorrect 

Spanish word throughout the METT Set 1, METT Set 2, and Tact Set 2 training sessions, she 

typically said an incorrect word within the corresponding stimulus set. Interestingly, when Paula 

made an error by saying an incorrect Spanish word with the Tact Set 1 stimuli, specifically when 

the therapist asked what a picture of a bed was in Spanish, she would err by saying one of two 

nouns assigned to the METT Set 1 condition (i.e., “oso” and “sandía”).   

 Table 14 shows the frequency of each type of error made by Albert during baseline and 

training phases across the Tact and METT conditions. Albert almost exclusively said “I don’t 

know” when he made an error during baseline trials across all conditions. During training across 

all conditions, Albert most frequently said “I don’t know” when he made an error. When Albert 
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made an error by saying an incorrect Spanish word, most often he said a word that was within 

the corresponding stimulus set, but occasionally said a word from another stimulus set.  

Figure 14 shows the pre- and post-test results of the Set 1 and Set 2 stimuli for Paula. 

Paula responded correctly at low levels during the pre-tests across all relations for the Tact Set 1 

and METT Set 1 nouns. For the nouns assigned to the Tact Set 1 condition, we observed overall 

high levels of emergence for the nouns assigned to the METT condition, and slightly lower 

levels of overall emergence for the nouns assigned to the tact condition, particularly during the 

NFI post-test (see “Total” at the top of each bar graph). Paula responded correctly at low levels 

across all pre- and post-tests for the Tact Control 1 and METT Control 1 nouns. Paula’s pre- and 

post-test results with the Set 2 stimuli are similar to the results for the Set 1 stimuli except that 

emergent responding was lower during the FNI test with the nouns assigned to the METT 

condition. Paula completed post-test sessions with the Set 1 and Set 2 stimuli in three, 15 to 20 

min session blocks across one week. 

Figure 15 shows the pre- and post-test results of the Set 1 and Set 2 stimuli for Albert. 

Albert responded correctly at low levels during the pre-tests across all relations for the Tact Set 1 

and METT Set 1 nouns. We observed high levels of correct responding across all post-tests for 

the nouns assigned to the tact condition (see “Total” at the top of each bar graph). For the nouns 

assigned to the METT condition, we observed high levels of correct responding during the 

listener and FNI post-tests, and low levels of correct responding during the tact and NFI post-

tests. We observed low levels of correct responding across all pre- and post-tests for the nouns 

assigned to the Tact Control 1 and METT Control 1 conditions. For the Set 2 stimuli, we 

observed low levels of correct responding during pre-test sessions across all relations for the Tact 

Set 2 and METT Set 2 nouns. In contrast to the Set 1 post-test results, Albert responded correctly 
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at a high level across all post-tests for the nouns assigned to the METT condition, and lower 

levels across all post-tests excluding the listener test for the nouns assigned to the tact condition. 

Albert responded correctly at low levels across the pre- and post-tests for the nouns assigned to 

the Tact Control 2 and METT Control 2 conditions. Albert completed post-test sessions with the 

Set 1 stimuli in three, 15 to 20 min session blocks across one week and the Set 2 stimuli in three 

session blocks across five days. 

Experiment 3 

 Figures 16 and 17 show the number of correct responses during the baseline and training 

phases across four stimulus sets for Sabrina and Renee, respectively. During baseline, both 

participants responded correctly at low levels across all stimulus sets. During the first training 

session (0-s prompt delay; data not shown), Sabrina responded correctly to 9 out of 12 trials for 

the Mixed Set 1 nouns and 12 out of 12 trials for all other sets that were trained, and Renee 

responded correctly to 11 out of 12 trials for the Mixed Set 1 nouns and 12 out of 12 trials for all 

other sets that were trained. For all other training sessions, correct responding increased across 

all conditions for both participants relative to baseline. Tables 15 and 16 list the number of 

sessions completed to initially meeting the mastery criterion across the tact and mixed conditions 

for Sabrina and Renee, respectively. Similar to Experiment 2, Sabrina and Renee completed 

additional training sessions after they initially met the mastery criterion if there was a break in 

sessions between training and post-tests. Therefore, Tables 15 and 16 shows the number of 

sessions needed for the participants to meet the mastery criterion the first time.  

Sabrina met the mastery criterion for the nouns assigned to the tact condition in fewer 

sessions than the nouns assigned to the mixed condition across the Set 1 and Set 2 stimuli. 

However, the difference in the number of sessions to meet the mastery criterion across the two 
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conditions decreased for the Set 2 nouns compared to the Set 1 nouns (difference for Set 1: six 

sessions; difference for Set 2: two sessions). Sabrina acquired the nouns in both sets of stimuli 

before holiday breaks occurred in her school, therefore, we conducted additional training 

sessions to make sure she maintained the trained relations before we conducted post-tests. She 

maintained the trained relations of the Tact Set 1, Mixed Set 1, and Tact Set 2 nouns, and 

required one additional training session to meet the mastery criterion with the Mixed Set 2 

nouns. Renee met the mastery criterion for the nouns assigned to the mixed condition in fewer 

sessions than the nouns assigned to the tact condition across the Set 1 and Set 2 stimuli. Unlike 

Sabrina, the difference in the number of sessions to meet the mastery criterion across the two 

conditions increased for the Set 2 nouns compared to the Set 1 nouns for Renee (difference for 

Set 1: two sessions; difference for Set 2: 10 sessions). Once the therapist began providing overly-

enthusiastic praise contingent on correct responding at session 67 during tact training with the 

Set 2 stimuli, Renee met the mastery criterion after three sessions. For Renee’s Set 2 stimuli, we 

conducted additional training sessions after she initially met the mastery criterion because of a 

holiday break. She maintained the trained relations for the Mixed Set 2 nouns and required one 

additional training session to meet the mastery criterion in the Tact Set 2 nouns.  

Table 17 shows the frequency of each type of error made by Sabrina during baseline and 

training phases across the Tact and Mixed conditions. During baseline trials across all 

conditions, Sabrina almost exclusively said “I don’t know” when she made an error. Sabrina 

continued to say “I don’t know” following most instructional trials when she made an error 

during training across all conditions. During NFI trials with the Mixed Set 1 stimuli, Sabrina 

would often respond incorrectly to the same trial (“What does ‘tocino’ mean?”) by making the 
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same error (“Door”). Whenever Sabrina erred by saying an incorrect Spanish or English word, 

she would often say an incorrect word from the corresponding stimulus set.  

Table 18 shows the frequency of each type of error made by Renee during baseline and 

training phases across the Tact and Mixed conditions. During baseline trials across all 

conditions, Renee most frequently said “I don’t know” when she made an error. Unlike Sabrina, 

Renee attempted to respond to instructional trials using Spanish or English words during Mixed 

Set 1 and Mixed Set 2 baseline trials instead of only saying “I don’t know.” During these 

baseline trials, she would typically repeat the English and Spanish words she heard the therapist 

say throughout the corresponding session when she made an error. When Renee said an incorrect 

Spanish word during Tact Set 2 baseline trials, she most often said “corona,” which is Spanish 

for crown. During Tact Set 1 training trials, Renee frequently said “I don’t know” or did not 

respond when she made an error. During training sessions with the Tact Set 2 stimuli, Renee 

would often say an incorrect Spanish word because she confused the Spanish word for backpack, 

mochilla, with the Spanish word for arm, brazo, and vice versa. Similar to Sabrina, whenever 

Renee erred by saying an incorrect Spanish or English word for all other stimulus sets during 

training trials, she would often say an incorrect word from the corresponding stimulus set. 

Figure 18 shows the pre- and post-test results of the Set 1 and Set 2 stimuli for Sabrina. 

Sabrina never responded correctly during the pre-tests across all relations for the Tact Set 1 and 

Mixed Set 1 nouns. For the nouns assigned to the tact condition, Sabrina met the post-test 

mastery criterion across all relations. For the nouns assigned to the mixed condition, Sabrina met 

the post-test mastery criterion during the listener and FNI post-tests and responded correctly at 

low levels during the tact and NFI post-tests. Sabrina never responded correctly across all pre- 

and post-tests for the nouns assigned to the Tact Control 1 and Mixed Control 1 conditions. For 
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the Set 2 stimuli, Sabrina never responded correctly during any of the pre-test sessions across all 

of the conditions. The post-test results across the tact and mixed conditions were similar in that 

Sabrina met the post-test mastery criterion during the listener test only, and responded correctly 

at a moderate level for the other three relations. Sabrina never responded correctly during the 

post-test sessions for the control stimuli. Following post-tests, we conducted the training 2 phase 

with the nouns assigned to both conditions and implemented tact, NFI, and FNI training. For 

both conditions, Sabrina met the mastery criterion in two sessions for the tact relation, one 

session for the NFI relation, and one session for the FNI relation. Thus, the total number of 

training sessions for the Tact Set 2 stimuli was 12 and the Mixed Set 2 stimuli was 14. Sabrina 

completed post-test sessions with the Set 1 stimuli in three, 15 to 20 min session blocks across 

one week and the Set 2 stimuli in three session blocks across eight days. 

Figure 19 shows the pre- and post-test results of the Set 1 and Set 2 stimuli for Renee. 

Renee responded correctly at low levels during the pre-tests across all relations for the Tact Set 1 

and Mixed Set 1 nouns. For the nouns assigned to the tact condition, Renee met the post-test 

mastery criterion across all relations. For the nouns assigned to the mixed condition, Renee met 

the post-test mastery criterion during the listener and FNI post-tests and responded correctly at 

low levels during the tact and NFI post-tests. Renee responded correctly at low levels across all 

pre- and post-tests for the nouns assigned to the Tact Control 1 and mixed Control 1 conditions. 

Following the post-tests, we implemented tact and NFI training 2 sessions with the Mixed Set 1 

nouns. Renee required one session each to meet the mastery criterion (data not shown). For the 

Set 2 stimuli, Renee responded correctly at low levels during all pre-tests across all of the 

conditions. For the nouns assigned to the tact condition, Renee met the post-test mastery criterion 

for all of the post-tests excluding the NFI test. For the mixed condition, Renee met the post-test 
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mastery criterion during the listener and tact test and responded correctly at low levels during 

both intraverbal tests. Following the post-tests, we conducted NFI training 2 sessions with the 

nouns assigned to the tact condition and FNI and NFI training 2 sessions with the nouns assigned 

to the mixed condition. Renee met the mastery criterion for each relation in one session. Renee 

completed post-test sessions with the Set 1 stimuli in three, 15 to 20 min session blocks across 

five days and the Set 2 stimuli in four session blocks across nine days. 

 We conducted the choice phase immediately following Set 2 post-tests for both 

participants. When given a choice, both Sabrina and Renee selected to learn Spanish nouns via 

mixed training, suggesting they preferred this teaching method more than tact training. We 

taught the participants the nouns assigned to the Mixed Control 1 condition using the mixed 

training procedure. Sabrina met the mastery criterion in five training sessions and Renee met the 

mastery criterion in three training sessions.   

 Following the choice phase, we conducted maintenance trials of the trained and tested 

relations with the Tact and Mixed Set 1 stimuli. Tables 19 and 20 show the results of the 

maintenance trials for Sabrina and Renee, respectively. The results demonstrated that both 

participants responded correctly to a higher number of trials with the Tact Set 1 stimuli than the 

Mixed Set 1 stimuli. However, the difference in the number of correct responses across the two 

conditions was small for Renee (a difference of two trials). Interestingly, both participants 

maintained at least half of the tested relations with the nouns assigned to the tact condition, 

although these relations were never directly trained. These results suggest that tact training 

resulted in better maintenance of the foreign-language noun relations than mixed training.    
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CHAPTER V 

DISCUSSION 
Summary of Results 

Experiment 1 

 We further assessed the effects of training specific foreign-language noun relations on the 

emergence of untrained relations by replicating Petursdottir & Hafliđadóttir (2009) and 

implementing a stringent mastery criterion during training. The results of Experiment 1 replicate 

the findings of Petursdottir & Hafliđadóttir demonstrating that teaching foreign-language nouns 

in the tact and NFI relations resulted in higher levels of overall emergence to untrained relations 

compared to listener and FNI training for 3 of 5 participants (Scarlet, Brittany, and Brian). For 

Alex, tact and listener training resulted in the highest levels of emergence to untrained nouns. 

However, Alex did not meet the mastery criterion during training for the NFI set; thus, low levels 

of emergent responding may have been due to lack of training of the baseline relation. We did 

not observe a difference in the rate of acquisition of the four foreign-language noun relations 

during training for Scarlet, Brittany, and Brian, but found that Alex and Amber acquired the 

nouns assigned to the listener relation faster than the other relations. Interestingly, Alex engaged 

in high levels of emergent responding during the post-tests for the nouns assigned to the listener 

relation. In addition, Alex acquired the nouns assigned to the listener condition in considerably 

less sessions than all other teaching methods. These results suggest that perhaps listener training 

may be a more efficient teaching strategy than tact or NFI training for some individuals. We also 

found that three participants preferred to learn foreign-language nouns in the tact and listener 

relations. Because tact training reliably resulted in the highest levels of emergent responding for 

most participants, and was preferred by two of three participants, we believe this teaching 
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strategy may be a better option than the other teaching methods evaluated in Experiment 1 when 

teaching foreign-language nouns to young children. 

Our findings differ from the results of Petursdottir and Hafliđadóttir (2009) in that 

training a single relation did produce total emergence to all untrained relations in some cases, 

which did not occur for the two participants in the Petursdottir and Hafliđadóttir study. This 

occurred with nouns trained in the tact and NFI relations for Scarlet and Brittany. Scarlet and 

Brittany may have engaged in higher levels of emergent responding because they were older than 

the participants in the Petursdottir and Hafliđadóttir study and thus had more advanced verbal 

repertoires as well as more experience with a variety of teaching methods. Additionally, 1 of the 

5 participants (Amber) did not engage in any emergent responding across all post-tests, whereas 

both participants in the Petursdottir and Hafliđadóttir study engaged in emergent responding 

across most post-tests. Ambers results suggest that equivalence-based instruction may not be an 

effective teaching strategy for all students.  

Experiment 2 

This study compared the effects of tact training with one exemplar  for each noun and 

multiple exemplar tact training with four exemplars for each noun on the rate of acquisition of 

the trained relations and emergent listener, NFI, and FNI responding. We observed differences in 

acquisition and emergence for both children who participated in the study. One participant 

(Paula) acquired the nouns in the METT condition slightly faster than the nouns trained in the 

tact condition across both stimulus sets, whereas the other participant (Albert) acquired the nouns 

in both conditions at a similar rate across both stimulus sets. For Paula, we observed high levels 

of correct responding to all relations across both training conditions for both Set 1 and Set 2 

stimuli. For Albert, we observed differences in emergent responding across the Set 1 and Set 2 
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stimuli. Albert engaged in high levels of correct responding to all relations for the nouns 

assigned to the tact condition and low levels for the nouns assigned to the METT condition for 

the Set 1 stimuli. The opposite effect occurred with the Set 2 stimuli: Albert engaged in high 

levels of correct responding to all relations for the nouns assigned to the METT condition and 

lower levels for the nouns assigned to the tact condition. Paula and Albert’s results demonstrate 

that tact and multiple exemplar training methods do not seem to differentially affect acquisition 

of the trained relation and emergence to untrained relations when teaching foreign-language 

noun relations to young children.  

Experiment 3 

 In this study, we compared the efficiency and efficacy of an equivalence-based 

instructional strategy (i.e., tact training) on emergent foreign-language noun relations to directly 

teaching all targeted foreign-language noun relations. We obtained different results for the two 

children who participated in the study. For Sabrina, tact training was the more efficient teaching 

strategy for both sets of stimuli. For Renee, the two training conditions were equally efficient for 

the Set 1 stimuli, and tact training was more efficient for the Set 2 stimuli.   

Interestingly, for both participants, post-test results showed that tact training resulted in 

higher levels of correct tact, listener, NFI, and FNI responding than mixed training, with the 

exception of Sabrina’s Set 2 stimuli, in which she emitted similar levels of correct responding 

during the Tact Set 2 and Mixed Set 2 post-tests. Sabrina required additional training with the 

Tact Set 2 and Mixed Set 2 stimuli because she did not meet the post-test mastery criterion (10 

out of 12 correct) for some of the relations. Although Sabrina completed additional training 

sessions, she required fewer total training sessions for the Tact Set 2 nouns compared to the 

Mixed Set 2 (see Table 15). Thus, the tact condition was a more efficient teaching strategy across 
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both sets of stimuli for Sabrina. Renee also completed additional training with the Mixed Set 1, 

Tact Set 2, and Mixed Set 2 stimuli. When considering the total number of training sessions 

required for Renee to acquire all of the relations with the Set 1 stimuli, the tact and mixed 

training conditions were equally efficient (see Table 16). With Renee’s Set 2 stimuli, the mixed 

condition was more efficient, requiring half the number of total training sessions as the tact 

condition. Although we obtained mixed results regarding which training procedure was more 

efficient, tact training resulted in better maintenance of the trained and tested relations compared 

to mixed training approximately two months later for both participants. Additionally, both 

participants preferred the mixed training condition when given a choice to learn Spanish nouns. 

Taken together, the results of this study suggest that the most efficient instructional strategy may 

be different for individual students.  

Potential Mechanisms Responsible for Emergent Responding 

Acquisition of the Baseline Relation  

Across all three experiments, 8 of the 9 participants engaged in emergent responding 

during post-tests. We implemented a more stringent mastery criterion (3 consecutive sessions 

with 12 out of 12 responses correct) during the training phase of Experiment 1 and a less 

stringent mastery criterion during the training phases of Experiments 2 and 3 (2 consecutive 

sessions with 11 out of 12 responses correct). Interestingly, differences in the mastery criterions 

across the experiments did not seem to differentially affect emergent responding following tact 

training. We observed similar findings when comparing the results obtained from Experiment 1 

to those found by Petursdottir and Hafliđadóttir (2009). The researchers implemented a less 

stringent mastery criterion during training than Experiment 1 (10 out of 12 correct for two 

consecutive sessions). Taken together, the results of the current studies and Petursdottir and 
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Hafliđadóttir demonstrate that implementing a stringent mastery criterion in which no errors are 

permitted during training of baseline foreign-language noun relations may not substantially 

improve emergent responding to untrained relations. These results suggest that perhaps there is a 

point at which acquisition of the baseline relation reaches a plateau and additional training no 

longer differentially affects emergent responding.  

 Although the current studies demonstrated that a relatively lenient mastery criterion may 

result in emergent responding, Albert’s post-test results (Experiment 2, Figure 15) point to the 

importance of maintenance of the baseline relation on emergent responding. Differences in 

Albert’s emergent responding to the untrained relations across the Set 1 and Set 2 stimuli were 

likely due to poor maintenance of the trained tact relation. The low levels of correct responding 

during the tact post-tests for the nouns assigned to the Tact Set 1 and METT Set 2 stimuli 

demonstrate that Albert did not maintain the trained tact relation. Alternatively, Albert responded 

correctly at high levels during the tact post-tests for the METT Set 1 and Tact Set 2 nouns, in 

addition to engaging in high levels of emergent listener, NFI, and FNI responding. When Albert 

maintained the tact relation during post-tests, high levels of emergent responding to the untrained 

relations occurred, whereas when he did not maintain the tact relation, emergent responding 

occurred at lower levels. These results suggest that Albert likely would have engaged in high 

levels of emergent responding with the Tact Set 1 and METT Set 2 nouns had he maintained the 

trained tact relation. Similar effects were observed with Sabrina’s Set 1 and Set 2 post-tests with 

the nouns assigned to the tact relation (Figure 18).  

Similarities and Differences Across the Trained and Tested Relations 

The results of the post-tests for all participants except Amber (Experiment 1) suggest that 

emergent responding may be more likely to occur if the SDs and responses during testing are 
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similar to those used during training. For most participants, we observed high emergent 

responding during the tact and NFI tests for nouns trained in the NFI (Experiment 1) and tact 

relation (all experiments), respectively, in which these two relations share the same response 

(i.e., the Spanish word). We saw similar results for the nouns trained and tested in the listener 

and FNI relations (Experiment 1), which share the same Spanish noun within the SD (listener SD: 

“Point to ‘zapato.’”; FNI SD: “What does ‘zapato’ mean?”). Additionally, all of the trained and 

tested relations consisted of conditional discriminations, which may have facilitated emergent 

responding. Previous research has demonstrated that emergence to untrained relations may be 

more likely to occur if the trained and tested relations require the same type of discrimination 

(i.e., simple or conditional) than if the trained and tested relations do not require the same type of 

discrimination (Miguel et al., 2005; Petursdottir et al., 2008). Finally, the results of the current 

studies support previous research demonstrating that tact training reliably results in emergent 

listener responding, but listener training does not reliably result in emergent tact responding 

(Experiment 1; Horne et al., 2004; Lowe et al., 2002; Miguel et al., 2008).  

 It is interesting to note that in Experiment 1, FNI training often did not result in emergent 

NFI responding, but FNI training did typically produce emergent NFI responding. Previous 

research has demonstrated that reverse intraverbals may not emerge unless multiple exemplar 

training of both types of intraverbals are trained (Allan et al., 2014; Pérez-González et al., 2007). 

These results suggest that perhaps requiring the learner to emit the Spanish word plays an 

important role in emergent responding to untrained foreign-language noun relations. This finding 

is supported by the high levels of emergent responding to untrained relations following tact 

training, in which the learner is also required to emit the foreign language word.  
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Covert Behavior and Multiple Exemplar Training  

Emergent responding during post-tests may have also been influenced by the 

participant’s behavior during training sessions. Periodically, some of the participants would emit 

the different foreign-language relations with the target words. For example, during tact training, 

Sabrina told the therapist “I don’t remember the chair!”, thus emitting the FNI relation. We also 

observed some participants say the Spanish word during listener trials while pointing to the 

picture of the target, essentially tacting the picture cards in Spanish. Also, some participants 

functionally used the Spanish words in sentences during or in between sessions (e.g., “I have 

pelo [hair],” “I had tocino [bacon] for dinner last night!”). These behaviors suggest that the 

participants may have covertly emitted the different foreign-language noun relations during 

training sessions, which may have enhanced their ability to engage in emergent responding 

during post-tests. Additionally, the participants in Experiments 2 and 3 did learn some Spanish 

words in their classroom while they participated in the study (e.g., months of the year, various 

songs in Spanish). These participants may have experienced multiple exemplar training of the 

trained and tested relations in the classroom setting. Multiple-exemplar training of the tested 

relations may have facilitated contextual control of the instructions presented during post-tests, 

thus resulting in high levels of emergent responding during post-tests. This account is in line 

with Relational Frame Theory (Hayes et al., 2001), which suggests that emergent verbal behavior 

occurs as a result of multiple exemplar training. Relational Frame Theory may also describe why 

higher levels of emergent responding were observed during some of Brittany and Brian’s Set 2 

post-tests compared to their Set 1 post-tests (Experiment 1).  
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Concept Formation 

For Experiment 2, we hypothesized that multiple exemplar tact training may result in 

higher levels of emergent responding than tact training with one exemplar. The results 

demonstrated that both teaching strategies resulted in similar levels of emergent responding for 

Paula, and mixed results for Albert which may have been due to poor maintenance of the 

baseline relation (i.e., the tact relation). The participants may have responded this way because 

they likely had an extensive history of multiple exemplar training with a variety of nouns, and 

thus formed a variety of concepts. When an individual acquires a concept, he or she engages in 

the same behavior (e.g., the Spanish word for fish, “pescado”) in response to an antecedent 

stimulus class (e.g., multiple pictures of different types of fish, or actual fish). Acquisition of a 

concept also allows an individual to discriminate between members and nonmembers of an 

antecedent stimulus class (e.g., that a fish is a member of the “fish” class, and a strawberry is not 

a member). Because the participants in Experiment 2 likely had acquired concepts of the nouns 

that we taught them (e.g., fish, tables, horses), each picture in the set of four pictures of the nouns 

belonged to the same antecedent stimulus class and evoked the same response. This may explain 

why multiple exemplar tact training produced results similar to tact training, in which we used 

one picture only during training.  

Error Analysis Findings 

We observed three specific patterns of responding within the error analysis data across 

the nine children who participated in the current series of studies. The first pattern consisted of 

participants primarily not responding or saying “I don’t know” when they made an error (Amber, 

Albert, and Sabrina). The second pattern consisted of the participants primarily saying an 

incorrect response in the corresponding language (e.g., saying an incorrect Spanish word during 
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tact trials; Brian). The third pattern consisted of the participants saying an incorrect response in 

the corresponding language in addition to saying “I don’t know” and not responding (Scarlet, 

Brittany, Alex, Paula, Renee). 

A closer examination of the types of errors made by the participants showed instances of 

error patterns specific to individual students. In some cases, participants acquired nouns assigned 

to a condition at a slower rate or did not meet the mastery criterion because they consistently 

made the same type or types of errors. For example, during Mixed Set 1 training sessions, 

Sabrina consistently responded incorrectly to listener trials with two nouns (puerta, the Spanish 

word for door, and tocino, the Spanish word for bacon) and FNI trials for the noun tocino, in 

which she consistently answered “door.” We saw similar error patterns with Renee’s Tact Set 2 

stimuli and Brittany’s FNI Set 2 stimuli, in which the participants consistently responded with 

the incorrect response for two targets within the corresponding stimulus set. Paula made 

consistent errors during training with the Tact Set 1 stimuli, in which she said two nouns from a 

different set in response to the same instruction (What is this [a picture of a bed] in Spanish?”). 

In all of the aforementioned cases, the participants either did not meet the mastery criterion 

(Brittany) or required more training sessions to meet the mastery criterion in the corresponding 

condition than the condition to which it was compared (e.g., tact and mixed conditions).  In 

instances in which a student is consistently making the same type(s) of error(s) during training, 

teachers can modify the instructional strategy to potentially decrease the number of training 

sessions necessary for acquisition. In addition, the error analysis revealed that some participants 

erred by saying words from stimulus sets other than the stimulus set that was currently being 

trained (e.g., training for Paula’s Tact Set 1 stimuli). This may have been due to the multielement 

design we used to compare the rate of acquisition across the different teaching conditions. The 



Texas Tech University, Ashley L. Matter, August 2017  

 106 

participants may have been more likely to say target words across sets of nouns because we 

rapidly alternated teaching sessions than if we taught the words in each condition to the mastery 

criterion in succession.  

 The error analysis showed that each participant responded similarly across the Set 1 and 

Set 2 stimuli for the same condition during baseline trials (e.g., Tact Set 1 and Tact Set 2). Given 

these findings, we are unable to determine if making specific types of errors during baseline 

trials differentially affects acquisition during training. For example, we might hypothesize that 

providing incorrect responses during baseline may be more likely to result in a slower rate of 

acquisition than saying “I don’t know” or not responding because the student may continue to 

provide the same incorrect responses during training sessions. If such a hypothesis were true, it 

may be better if a teacher instructed a student to say “I don’t know” if he or she does not know 

the answer rather than try to guess the correct answer. Such findings may demonstrate that 

specific methods to assess baseline levels of performance could differentially affect acquisition 

(e.g., allowing the participants to guess versus not allowing the participants to guess). However, 

in the current line of studies, most participants did not continue to provide the same incorrect 

Spanish or English words they emitted during baseline trials during subsequent training trials. 

The one exception was Brian, who continued to say incorrect English words he emitted during 

Tact Set 2 baseline trials during the first training session. Nonetheless, we are unable to 

determine if emitting specific types of errors during baseline trials differentially affects 

acquisition of foreign-language noun relations given the participants’ patterns of responding in 

the current studies.  
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Applied Implications 

The present line of studies offer several applied implications for teachers and researchers. 

The results of Experiment 1 demonstrated that tact training resulted in moderate-to-high levels of 

emergent responding to untrained relations for 4 of 5 participants, suggesting that tact training 

may be an efficient strategy to teach foreign language nouns to young children. In addition, 2 of 

3 participants preferred this teaching strategy when given the choice to learn new Spanish nouns. 

Because tact training often resulted in emergent responding to untrained relations, teachers may 

save instructional time by teaching children to tact pictures or objects of nouns in Spanish as 

opposed to directly teaching all four relations.  

Although tact training often resulted in the highest levels of emergence to untrained 

relations for most participants in Experiment 1, there were many instances in which tact training 

did not result in total emergence (i.e., 100% correct responding) to all untrained relations. We 

were interested in determining if conducting tact training with multiple exemplars as opposed to 

one exemplar would result in not only in higher levels of emergence to untrained relations, but 

also faster acquisition of the baseline relation. Interestingly, we did not observe much of a 

difference in acquisition or emergence across the two teaching procedures for the two children 

who participated in Experiment 2. Although Paula acquired the nouns in the METT condition 

faster than the tact condition with the Set 1 stimuli, she acquired the nouns assigned to both 

conditions of the Set 2 stimuli in a similar number of sessions. However, a ceiling effect 

occurred with the tact training condition with Paula (both sets) and Albert (Set 1), in which tact 

training produced high levels of emergent responding to all untrained relations. Perhaps multiple 

exemplar tact training may have resulted in higher levels of emergent responding than tact 

training if tact training did not produce high levels of emergent responding. The results of 
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Experiment 2 suggest that it may be beneficial to conduct tact training with one exemplar 

because this method requires fewer materials and may take less time to plan and conduct the 

teaching sessions than tact training with multiple exemplars.  

One benefit of equivalence-based instruction is that it may save teachers instructional 

time if directly teaching one or a small number of relations results in emergent responding to 

other relations. However, no research to date has directly compared the efficiency of 

equivalence-based instruction to directly teaching all targeted relations. For Experiment 3, we 

compared the efficiency of tact training and emergent responding to untrained relations to 

directly teaching all targeted relations (mixed training condition). The results showed that for 

Sabrina, tact training resulted in fewer total training sessions (before and after post-tests; Sets 1 

and 2), and higher levels of correct responding during post-tests than mixed training (Set 1). For 

Renee, the results demonstrated that mixed training resulted in fewer total training sessions than 

tact training (before and after post-tests), and tact training resulted in higher levels of correct 

responding during post-tests than mixed training for both sets of stimuli. Thus, when considering 

both the rate of acquisition of the baseline relation in addition to emergent responding, the most 

efficient teaching strategy may be different for individual students. Researchers have evaluated 

other variables of teaching procedures that may affect acquisition, such as error correction and 

differential reinforcement procedures, and found that different teaching methods may be more or 

less effective for individual students with autism. Given that individual students are likely to 

respond differently to different teaching procedures, it may be advantageous to formally assess 

which teaching methods (e.g., tact or mixed training) are more effective for individual students 

before developing his or her programming.  
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 Although the results of Experiment 3 demonstrated mixed findings across the two 

participants, tact training may be the more efficacious teaching procedure for three important 

reasons. First, tact training always produced high levels of emergence to untrained relations as 

well as maintenance of the baseline relation during the tact test. Therefore, directly teaching the 

other relations was not necessary. Second, tact training resulted in better maintenance of the 

trained and tested relations compared to mixed training approximately two months after the 

participants originally acquired the noun relations (see Tables 19 and 20). Tact training may have 

produced better maintenance because the nouns were presented in the same relation for four 

trials each as opposed to one trial each in the four relations that were presented during mixed 

training sessions. Third, although we did not collect data on session duration for each type of 

teaching procedure, anecdotally it seemed that tact training sessions required less time to plan 

and conduct compared to mixed training. Given these three observations, it appears that tact 

training may produce more advantageous outcomes than mixed training.  

Though the data and anecdotal observations from Experiment 3 suggest that tact training 

may be more efficient and effective than the mixed training strategy, both participants preferred 

to learn Spanish nouns via the mixed training method. If both teaching strategies are found to be 

equally effective for a given student, clinicians and teachers should consider implementing the 

student’s preferred teaching method. Implementing a student’s preferred teaching strategy could 

serve as an abolishing operation for escape-maintained problem behavior, thus decreasing levels 

of problem behavior and increasing levels of on-task behavior (e.g., McComas, Hoch, Paone, & 

El-Roy, 2000). Both participants in Experiment 3 may have preferred the mixed training 

condition because emitting correct responses for some trials may have required less response 

effort during mixed training sessions than tact training sessions. During mixed trials, the SDs and 
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responses shared the same words across trials. For example, the first trial may have consisted of 

a listener trial, in which the therapist placed pictures of the target stimuli in front of the 

participant and said “Point to ‘fresa.’” The following trial might have been “What does ‘fresa’ 

mean?” Because the participant had heard the therapist say “fresa” and perhaps had selected the 

correct picture (a strawberry) immediately prior to the second trial, he or she may have been 

more likely to respond correctly to the second trial than if the therapist asked the participant to 

tact a picture of a different noun. Thus, these specific nuances within mixed training sessions 

may have made emitting the correct response less effortful for some trials than during tact 

training, in which the participant did not have the opportunity to hear the correct response during 

any trials (other than during error correction).  

Finally, some participants’ results from Experiments 2 and 3 demonstrated that mere 

exposure to the teaching strategies may result in faster acquisition of the baseline relations with 

additional sets of stimuli. Previous research has demonstrated that a recent history of 

reinforcement with a specific teaching strategy (i.e., echoic or tact prompts used during 

intraverbal training) may result in concomitant increases in the rate of acquisition of the targeted 

skill with additional sets of stimuli (Coon & Miguel, 2012). Paula (Experiment 2) and Sabrina 

(Experiment 3) acquired the nouns assigned to both conditions of the Set 2 in almost half the 

number of sessions needed for them to acquire the nouns assigned to both conditions with the Set 

1 stimuli. Additionally, the difference in the number of sessions to meet the mastery criterion 

between the two conditions for both participants (i.e., tact and METT for Paula; tact and mixed 

for Sabrina) decreased from the Set 1 stimuli to the Set 2 stimuli (Paula’s decreased from four to 

two sessions; Sabrina’s decreased from six to two sessions). During training, we differentially 

reinforced unprompted correct responses with tokens that the participants could trade in for time 
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with a preferred activity. A recent history of reinforcement with the prompting procedures during 

training with the Set 1 stimuli may have increased the likelihood that the participants responded 

to the prompts during training with the Set 2 stimuli. This increased probability of responding to 

the prompts may have resulted in more rapid transfer of stimulus control from the prompts to the 

instructions during training with the Set 2 stimuli compared to the Set 1 stimuli. Paula’s and 

Sabrina’s results demonstrate that an individual’s first exposure to a specific teaching strategy 

may not reflect later performance with additional sets of stimuli. Given these results, it may be 

beneficial to periodically assess an individual’s performance with different teaching strategies 

after initially identifying an effective method to ensure that the participant continues to receive 

the most efficacious instructional method.  

Limitations and Future Directions  

 There are several limitations to the current line of studies that future researchers could 

address. A discussion of the limitations, in addition to future directions, specific to each 

individual study is provided below. The last section describes limitations and future directions 

that apply to all three experiments. 

Experiment 1 

There are three limitations for the first experiment. First, 3 of the 5 participants did not 

meet the mastery criterion during training for all of the relations due to time constraints. 

Therefore, the post-test results for the nouns trained in the relations that the participants did not 

acquire should be interpreted with caution. However, the post-test results for the nouns trained in 

the FNI always resulted in low levels of emergence, regardless of whether participants did or did 

not meet the mastery criterion. Second, we implemented different training procedures across the 

participants; thus, differences in emergence could be a result of differences in the instructional 
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procedures we used to teach the baseline relations. Third, the participants in this study ranged in 

ages from 4 to 8 years old. As a result, differences in emergent responding may have been due to 

developmental differences, differences in exposure to a variety of teaching procedures, and/or 

vocal repertoires as opposed to the different teaching procedures. Future research could evaluate 

the effects of emergent responding following training of specific foreign-language relations with 

similar-aged participants.  

Experiment 2 

 One limitation of Experiment 2 regards the implementation of the pre-test sessions for 

both participants due to experimenter error. The therapist conducted all of Paula’s listener and 

tact pre-tests with the training stimuli instead of the pre- and post-test stimuli. This also occurred 

during all of Albert’s listener pre-tests. Although the therapist implemented the listener and tact 

pre-tests using the incorrect pictures, we do not believe the participants would have responded 

differently to the pictures that were designated for the pre- and post-tests because they typically 

responded the same during all pretests sessions (e.g., both said “I don’t know” during tact, NFI, 

and FNI trials; Paula exclusively selected the picture on the left during listener trials).  

The second limitation of Experiment 2 was our inability to directly compare the effects of 

tact training and METT due to ceiling effects. Although Albert engaged in different levels of 

emergence across tact training and METT during post-tests, we are confident that low levels of 

emergence was due to a lack of maintenance of the baseline relation as opposed to the ability to 

engage in emergent responding per se. Alternatively, Paula’s data demonstrate a ceiling effect 

across both teaching conditions and sets of stimuli. Given the small differences in emergence 

across the two, we are unable to detect differences across the two teaching procedures in terms of 

emergent responding. Future researchers could determine if METT results in higher levels of 
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emergence to untrained relations if tact training with one exemplar initially results in low levels 

of emergence. 

Experiment 3 

 There are three limitations for Experiment 3. First, there was a longer break between 

training and post-test sessions with the Set 2 stimuli compared to the Set 1 stimuli for Sabrina, 

and a long break for Renee’s Set 2 stimuli compare to no break with her Set 1 stimuli. Although 

the participants met the original mastery criterion with both sets stimuli before a break in 

sessions (excluding Renee’s Set 1 stimuli; 11 or 12 out of 12 correct for two consecutive 

sessions), we implemented a more lenient mastery criterion after the break before we began post-

tests (11 or 12 out of 12 correct for one session). Differences in the duration of the breaks 

between training sessions and post-tests across the two stimulus sets may have contributed to the 

differences in post-test results across the two sets of stimuli for both participants. The lenient 

mastery criterion that we implemented after the break in training sessions likely affected 

maintenance of the trained tact relation for the participants’ Tact Set 2 stimuli, thus influencing 

emergent responding. For example, Sabrina consistently erred with the same target noun (i.e., 

“silla” and “chair”) across all relations during her Tact Set 2 post-tests, whereas she responded 

correctly at high levels across all the Tact Set 1 post-tests.  

Second, differences in the structure of the pre- and post-tests and mixed training sessions 

may have affected participant responding during post-tests for the nouns assigned to the mixed 

condition. For each pre- and post-test session, we tested the same relation (e.g., tact) for 12 

consecutive trials, whereas during mixed training, we interspersed four listener, tact, NFI, and 

FNI trials for 12 trials. The participants may have responded correctly at low levels during post-

tests with the mixed training stimuli because they failed to generalize instruction following from 
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the mixed sessions to the post-test sessions. The similarities across the tact training sessions and 

post-test sessions may explain why participants engaged in higher levels of correct responding 

during post-test sessions with the tact stimuli compared to the mixed stimuli. Future research 

could evaluate the effects of interspersing the different relations during mixed training and post-

tests on correct responding during post-tests to determine if making the training and testing 

procedures more alike would contribute to higher levels of correct responding during post-tests 

than observed with the nouns assigned to the mixed condition in Experiment 3.  

Finally, differences in exposure to the foreign-language noun relations for each target 

noun could have affected post-test results. During tact training, participants were exposed to the 

tact relation for each noun four times each. Alternatively, during mixed training, participants 

were exposed to the four relations for each noun once. Thus, on average, participants were 

exposed to the tact relation for each noun four times more than 1 of the 4 relations with each 

noun during mixed training (however, Sabrina completed more mixed training sessions than tact 

training sessions for both sets of stimuli). This may have contributed to lower levels of correct 

responding during post-tests for the mixed training stimuli compared to post-tests for the tact 

training stimuli. Future research could evaluate the effects of exposure to the trained relations on 

emergent responding following tact training and maintenance of the trained relations following 

mixed training during post-tests by implementing the same number of training trials for each 

relation across both training conditions.  

General Limitations and Future Directions 

 There are several limitations that apply to all three studies that future research could 

address. First, we did not provide reinforcement contingencies for responding during pre- and 

post-tests. This procedural variable may have affected participant responding by extinguishing 
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correct responding. Some participants engaged in behaviors suggesting that the pre- and post-test 

sessions were aversive to them. For example, Amber (Experiment 1), the only participant who 

responded at low-to-zero levels across all of the post-tests, said “Think, think, think!” while 

pointing to the side of her head during most post-test trials. Renee (Experiment 2) would 

frequently tell the therapist she was tired, lay on the floor, and manded for training tokens (“I 

want to earn the small tokens”). Perhaps the participants across all three studies may have 

responded correctly at higher levels if we provided reinforcement contingent on completing 

interspersed trials of mastered tasks (e.g., tacting colors). Future research could directly compare 

implementing different reinforcement procedures during pre- and post-tests, similar to LeBlanc, 

Miguel, Cummings, Goldsmith, and Carr (2003), to determine the effects of the different 

procedural variations on emergent responding. LeBlanc et al. (2003) compared post-tests without 

reinforcement, reinforcing interspersed mastered trials only, and reinforcing every response. The 

results demonstrated no difference in post-test results. More recent research, however, has 

included post-tests in which the researcher implements repeated measures of the tested relation 

while interspersing trials of the trained relation or an unrelated mastered task (Delfs et al., 2014; 

May et al, 2016), as well as exposing participants to extinction contingencies during training 

(Lechago et al., 2015). It would be interesting to see if these modifications in the training and/or 

pre-/post-test procedures are more likely to affect responding than those examined by LeBlanc et 

al. (2003).  

The instruction that the therapist provided before the post-test sessions may have 

influenced responding also. Before beginning each baseline, pre-test, and post-test session during 

Experiment 1, the therapist said, “I am not going to tell you if you are right or wrong, but I want 

you to try your best.” This instruction may have served as an SD during post-test sessions 
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signaling that the participants may not know the answer. For Experiments 2 and 3, we modified 

the instruction the therapist said before conducting post-test sessions to include “some of these 

words might be words you have learned, and some might be words you haven’t learned” to 

decrease the likelihood that the instruction served as an SD that the participants did not know the 

words. Interestingly, all of the participants in Experiments 2 and 3 engaged in emergent 

responding during post-test sessions with the addition of this modified instruction. Future 

research could conduct within-subject comparisons of the effects of instructions on emergent 

responding during post-test sessions.  

 Two other variables of the pre- and post-tests that could have influenced responding 

include the time frame in which we conducted the post-test sessions and the order in which we 

conducted them. Because we saw the participants for 15 to 20 min two or three times a week, we 

conducted post-test sessions over the course of multiple days. Thus, the more time that passed 

between post-test sessions, the more likely the participants may not have maintained the trained 

relation(s). For example, for Albert’s METT Set 1 stimuli (see Figure 15), we conducted the FNI 

post-test on the same day that we conducted METT training sessions, and he responded correctly 

at high levels. We conducted the all of the tact tests and two of the NFI tests (METT Set 1 and 

Tact Set 1) two days later, in which he responded correctly at lower levels. Interestingly, we 

conducted the other two NFI tests (METT Control 1 and Tact Control 1) and all of the listener 

tests one week after we implemented training sessions, but he responded correctly at high levels 

during the listener tests across the two training procedures. Albert may have responded correctly 

at lower levels during the tact and NFI tests compared to the listener test with the METT Set 1 

stimuli because emitting the Spanish word may require better maintenance of the trained relation 

than engaging in a receptive response during listener trials. This occurred with Sabrina’s Tact Set 
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2 stimuli as well, except we conducted two listener tests (Tact Control 2 and Mixed Control 2) 

the same day as training sessions, and all other test sessions between two and eight days later 

(see Figure 18).  

 The order in which we conducted the post-test sessions may have influenced responding 

during post-test sessions as well, especially conducting tests of different relations on the same 

day. For example, conducting FNI tests immediately before conducting NFI tests may have 

primed the participants to emit correct responses during NFI tests because the participants heard 

the therapist say the Spanish target word before they were required to say it. A priming effect 

could account for differences in post-test results across participants. However, we did not find 

consistent patterns associated with order of test sessions and correct responding during post-tests 

in the current studies. Future research could evaluate the effects of the order in which the 

different foreign-language relations are presented on correct and incorrect responding during 

post-tests.  

 An additional limitation of the current studies is that we used the same activities as 

reinforcers from which the participants could choose (e.g., iPad, paly-doh, or a white board and 

markers) throughout their participation in the studies. Frequent exposure to the same activities 

may have decreased the effectiveness of the activities as reinforcers due to satiation. This effect 

may have contributed to the ineffectiveness of the additional training phases we implemented 

with Alex and Amber in Experiment 1. Satiation effects may be responsible for the slower rate of 

acquisition of the Tact Set 2 stimuli compared to the Tact Set 1 stimuli for Renee also 

(Experiment 3). Renee engaged in behaviors during training with the Tact Set 2 stimuli 

suggesting the sessions were aversive to her, similar to those she engaged in during post-test 

sessions (e.g., laying on the floor; stating she was tired). At one point, Renee told the therapist 
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towards the end of her participation in the study that she was “sick of Spanish lessons.” Further, 

Renee often requested mixed training sessions by saying “I want to point!” when she was 

informed that a tact training session was about to begin. When the therapist began providing 

overly-enthusiastic praise contingent on correct responding during tact training with the Tact Set 

2 stimuli (session 67), Renee met the mastery criterion in three additional sessions. However, we 

did not demonstrate experimental control of the effects of contingent overly-enthusiastic praise; 

therefore, we are unable to determine if overly-enthusiastic praise or more exposure to training 

sessions was responsible for increases in correct responding. Future research could vary the 

reinforcers from which participants can choose, as well the quality of type of praise the therapist 

delivers, throughout the duration of the study to ensure that the activities and praise statements 

will have a strong reinforcement effect on correct responding.  

 Throughout all studies, we used a constant 5-s prompt delay in which the therapist said 

the correct answer after participants made an error or did not respond for all training sessions 

excluding the first session only. The results demonstrated differences in rates of acquisition, 

frequency of errors, and error type across all children who participated in the current line of 

studies. Previous research has shown that children with autism respond best to different 

prompting strategies (Seaver & Bourret, 2014) and error correction procedures (Kodak et al., 

2016), as well as differential reinforcement procedures across a variety of skills (Johnson et al., 

2017). Perhaps the participants may have emitted fewer errors and acquired the noun sets faster 

had we implemented different prompting, error correction, and/or differential reinforcement 

procedures. If continued research on equivalence-based instructional strategies demonstrate that 

these teaching methods are indeed effective, perhaps future researchers could continue to 

evaluate a variety of prompting, error correction, and differential reinforcement procedures, as 
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well as mastery criterions, to determine which combination produces the most efficacious results 

for individual students.  

The findings of the current studies can be attributed to differences in the participants’ 

verbal repertoires, as well as previous exposure to various teaching strategies (e.g., Coon & 

Miguel, 2012). We observed differences in rates of acquisition, emergence, and errors across 

some participants, highlighting the importance of individualized instruction in some cases. For 

example, Experiment 1 showed differences in acquisition across Brian, Amber, and Alex, who 

were all between 4 and 5 years old. Future research could evaluate assessment procedures to 

identify which teaching procedures are the most effective for individual students who do not 

respond to instructional methods found to be efficacious for most students.  

 Although the current line of studies suggest that tact training may be an efficient 

instructional strategy to teach foreign-language nouns to young children, we are unable to 

demonstrate if this method would be effective in the classroom setting. The ultimate goal of this 

line of research would be to provide teachers with a teaching procedure that may save 

instructional time in the classroom. However, we evaluated the effects of different teaching 

strategies on an individual basis as opposed to within a group context. Thus, it is unknown if 

similar teaching strategies would result in comparable effects for large groups of students. Future 

researchers can evaluate the feasibility and effectiveness of implementing the teaching 

procedures evaluated in the current studies within a foreign language classroom.  

 Finally, future research could evaluate equivalence-based instructional strategies with 

different populations and stimulus relations. Because many relations can exist among stimuli, the 

study of equivalence-based teaching strategies could be especially useful for teaching a variety 

of skills to young children. For example, reading comprehension requires acquisition of multiple 
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stimulus relations. These stimulus relations include but are not limited to seeing words and 

saying the words orally, seeing a printed word (e.g., dog) and pointing to pictures of the item, 

and hearing the word and selecting the printed word from an array of words. Similar stimulus 

relations exist for writing and copying a text (e.g., hearing a word and spelling the word; seeing a 

picture and writing the corresponding word). Assessing the effects of equivalence-based 

instructional strategies across different populations and stimulus relations would allow 

researchers to assess the external validity of these teaching methods. Results of such studies may 

allow researchers to determine if these strategies promote rapid acquisition of skills in a variety 

of contexts, which could have a meaningful impact on the development of various interventions 

for typically developing children as well as children with intellectual disabilities.  
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Table 1 
 
Nouns Assigned to Each Participant in Experiment 1 Across all Conditions 
 
 Scarlet Brittany Brian Amber Alex 

Tact Set 1 

corbata (tie), 
uvas (grapes), 
nieve (snow) 

sandía 
(watermelon), 
maní 
(peanut), loro 
(parrot) 

ventana 
(window), 
jabón (soap), 
lápiz (pencil) 

fresa 
(strawberry), 
puerta (door), 
galleta 
(cookie) 
	

manos 
(hands), 
pastel (cake), 
vestido 
(dress) 

Listener 
Set 1 

pastel (cake), 
calle (street), 
ventana 
(window) 

avíon 
(airplane), 
cabeza 
(head), zorro 
(fox) 

galleta 
(cookie), 
cama (bed), 
gorra (hat) 

ventana 
(window), 
pastel (cake), 
silla (chair) 

lápiz (pencil), 
ojos (eyes), 
sandía 
(watermelon) 

NFI Set 1 

gallo 
(rooster), 
pluma (pen), 
acera 
(sidewalk) 
	

vestido 
(dress), nariz 
(nose), conejo 
(rabbit) 

caballo 
(horse), lentes 
(glasses), 
brazo (arm) 

caballo 
(horse), gorra 
(hat), lentes 
(glasses) 

uvas (grapes), 
helado (ice 
cream), naríz 
(nose) 

FNI Set 1 

brazo (arm), 
lluvía (rain), 
puente 
(bridge) 
	

helado (ice 
cream), playa 
(beach), gallo 
(rooster) 

pierna (leg), 
pan (bread), 
fresa 
(strawberry) 

pan (bread), 
regalo 
(present), 
maíz (corn) 

reloj (clock), 
cama (bed), 
tocino 
(bacon) 

Control 1 

helado (ice 
cream), playa 
(beach), 
conejo 
(rabbit) 
	

aula 
(classroom), 
calle (street), 
rombo 
(diamond) 

pescado 
(fish), taza 
(cup), manos 
(hands) 

camíon 
(truck), mesa 
(table), brazo 
(arm) 

rana (frog), 
zapato (shoe), 
leche (milk) 

Tact Set 2 

tocino 
(bacon), ojos 
(eyes), foca 
(seal) 
	

acera 
(sidewalk), 
tierra (earth), 
pavo (turkey) 

cocina 
(kitchen), 
puerta (door), 
rana (frog) 

- - 

Listener 
Set 2 

abrigo (coat), 
tierra (earth), 
pavo (turkey) 

pizarra (white 
board), lluvía 
(rain), puente 
(bridge) 
	

manzana 
(apple), silla 
(chair), leche 
(milk) 

- - 

NFI Set 2 
sandía 
(watermelon), 
maní 

tocino 
(bacon), ojos 
(eyes), foca 

camión 
(truck), pastel 
(cake), maíz 

- - 
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(peanut), loro 
(parrot) 
	

(seal) (corn) 

FNI Set 2 

vestido 
(dress), nariz 
(nose), 
piscina (pool) 

piscina 
(pool), pluma 
(pen), abrigo 
(coat) 

regalo 
(present), 
guantes 
(gloves), pelo 
(hair) 
	

- - 

Control 2 

avíon 
(airplane), 
cabeza 
(head), zorro 
(fox) 

corbata (tie), 
uvas (grapes), 
nieve (snow) 

zapato (shoe), 
reloj (clock), 
mesa (table) - - 
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Table 2 
 
Nouns Assigned to Each Participant in Experiment 2 Across all Conditions 
 
 Paula Albert 

Tact Set 1 
cama (bed), maíz (corn), pescado 
(fish) 
	

jabón (soap), manzana (apple), 
guantes (gloves) 

METT Set 1 
oso (bear), lentes (glasses), sandía 
(watermelon) 
	

cama (bed), maíz (corn), pescado 
(fish) 

Tact Control 1 
mesa (table), uvas (grapes), 
corbata (tie) 
	

zorro (fox), pastel (cake), camión 
(truck) 

METT Control 1 
caballo (horse), rana (frog), avíon 
(plane) 
	

maní (peanut), leche (milk), 
conejo (rabbit) 

Tact Set 2 
maní (peanut), pastel (cake), 
conejo (rabbit) 
	

mesa (table), pato (duck), helado 
(ice cream) 

METT Set 2 
regalo (present), gorra (hat), 
zapato (shoe) 
	

caballo (horse), rana (frog), avíon 
(plane) 

Tact Control 2 
zorro (fox), pluma (pen), camión 
(truck) 
	

regalo (present), gorra (hat), 
zapato (shoe) 

METT Control 2 jabón (soap), manzana (apple), 
guantes (gloves) 

oso (bear), lentes (glasses), sandía 
(watermelon) 

	
	
	
  



Texas Tech University, Ashley L. Matter, August 2017  

 124 

Table 3 
 
Nouns Assigned to Each Participant in Experiment 3 Across all Conditions 
 
 Sabrina Renee 

Tact Set 1 
reloj (clock), piscina (pool), uvas 
(grapes) 
	

puerta (door), lápiz (pencil), tocino 
(bacon) 

Mixed Set 1 
puerta (door), lápiz (pencil), tocino 
(bacon) 
	

oso (bear), lentes (glasses), sandía 
(watermelon) 

Tact Control 1 
manos (hands), helado (ice cream), 
taza (cup) 
	

vestido (dress), pastel (cake), silla 
(chair) 

Mixed Control 1 
brazo (arm), mochilla (backpack), 
galleta (cookie) 
	

camisa (shit), pelo (hair), nariz 
(nose) 

Tact Set 2 
vestido (dress), pastel (cake), silla 
(chair) 
	

brazo (arm), mochilla (backpack), 
galleta (cookie) 

Mixed Set 2 
camisa (shit), pelo (hair), maíz 
(corn) 
	

fresa (strawberry), pierna (leg), 
guantes (gloves) 

Tact Control 2 
fresa (strawberry), pierna (leg), 
avíon (plane) 
	

manos (hands), helado (ice cream), 
taza (cup) 

Mixed Control 2 pan (bread), ventana (window), 
camión (truck) 

reloj (clock), piscina (pool), uvas 
(grapes) 
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Table 4 
 

Number of Sessions to the Mastery Criterion Across all Stimulus Relations and Sets for all 
Participants and the Relation that Participants Preferred for Experiment 1. 

 
 

 Scarlet Brittany Brian Amber Alex 
 Set 1 Set 2 Set 1 Set 2 Set 1 Set 2 Set 1 Set 1 

Tact 5 6 11 11 16 18 23 32 
Listener 6 5 13 9 33 13 9 11 

NFI 4 6 13 14 15 22 30* 39* 
FNI 7 9 13 51* 5 12 29* 32 

Choice Tact Listener - Tact - Listener - - 
Note. * = The participant did not meet the mastery criterion during training.  
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Table 5 
 
Session Number of Modifications Made During Training Sessions for Brittany, Brian, Amber, 
and Alex in Experiment 1.  
 
 Session Modification(s) 

Brittany 8 
(pretest) 

Added delivery of one noncontingent token following each pre-test, 
baseline, and training session 

 144 Conducted FNI Set 2 training using a blocked-trial format (i.e., 4 
consecutive trials of each target noun) 

 155 Added the following model prompt for Brittany to repeat after incorrect 
responses during FNI Set 2 training: “(Piscina/Pluma) means pool/pen.” 

 164 Conducted original FNI Set 2 training sessions  

 171 Conducted FNI Set 2 training using a blocked-trial format with the words 
piscina and pluma only (i.e., 6 consecutive trials of each target noun) 

 179 Conducted original FNI Set 2 training sessions 

Brian 95 

 
Required a different response type for each listener trial during listener 
Set 1 training (e.g., knock on picture of noun; hide picture of noun; shake 
picture of noun) 

 104 Placed picture cards further apart from each other during listener Set 1 
training 

 121 Required a different response type for each listener trial during listener 
Set 2 training  

Amber 30 
 
Added delivery of one noncontingent token following each baseline and 
training session 

Alex 50 
 
Added delivery of one noncontingent token following each baseline and 
training session 

 60 Required a 5-s pause before Amber could respond to an instructional trial 
for each training session 

 70 
Removed the 5-s pause before Amber could respond to an instructional 
trial and presented trials in a blocked trial format (i.e., 4 consecutive trials 
of each target noun) 
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Table 6 
 

Frequency of Error Type Across Baseline and Training Phases for Scarlet 
 

 Baseline  Training 
 Sp Eng Lan Non IDK NR  Sp Eng Lan Non IDK NR 

Tact Set 1 8 0 0 13 3 0  1 0 0 2 2 0 
Tact Set 2 24 0 0 7 5 0  0 0 0 1 6 0 
NFI Set 1 6 0 0 10 8 0  0 0 0 2 0 0 
NFI Set 2 25 0 0 7 4 0  0 0 0 1 5 0 
FNI Set 1 0 22 0 0 2 0  0 14 0 0 4 0 
FNI Set 2 0 34 0 0 0 0  0 3 0 0 4 0 
Note: Sp represents incorrect Spanish word; Eng represents incorrect English word; Lan 
represents incorrect language; Non represents nonsense word; IDK represents “I don’t know;” 
NR represents no response.  
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Table 7 
 

Frequency of Error Type Across Baseline and Training Phases for Brittany 
 

 Baseline  Training 
 Sp Eng Lan Non IDK NR  Sp Eng Lan Non IDK NR 

Tact Set 1 0 0 29 0 7 1  4 0 0 3 18 1 
Tact Set 2 0 0 12 0 23 3  13 0 0 6 3 2 
NFI Set 1 0 0 0 0 36 0  10 0 0 1 21 0 
NFI Set 2 0 0 0 0 36 1  20 0 0 5 8 0 
FNI Set 1 0 2 0 0 33 2  0 13 0 1 7 1 
FNI Set 2 0 7 0 0 28 0  0 88 0 0 11 0 
Note: Sp represents incorrect Spanish word; Eng represents incorrect English word; Lan 
represents incorrect language; Non represents nonsense word; IDK represents “I don’t know;” 
NR represents no response.  
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Table 8 
 

Frequency of Error Type Across Baseline and Training Phases for Brian 
 

 Baseline  Training 
 Sp Eng Lan Non IDK NR  Sp Eng Lan Non IDK NR 

Tact Set 1 0 36 0 0 0 0  10 2 0 1 0 4 
Tact Set 2 0 35 0 0 0 1  16 9 0 3 0 10 
NFI Set 1 0 36 0 0 0 0  30 3 0 0 0 1 
NFI Set 2 0 36 0 0 0 0  42 1 0 7 1 32 
FNI Set 1 0 36 0 0 0 0  0 3 0 0 0 0 
FNI Set 2 0 36 0 0 0 0  0 10 0 0 0 2 
Note: Sp represents incorrect Spanish word; Eng represents incorrect English word; Lan 
represents incorrect language; Non represents nonsense word; IDK represents “I don’t know;” 
NR represents no response.  
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Table 9 
 

Frequency of Error Type Across Baseline and Training Phases for Amber 
 

 Baseline  Training 
 Sp Eng Lan Non IDK NR  Sp Eng Lan Non IDK NR 

Tact Set 1 0 0 0 0 24 0  3 0 0 0 55 25 
NFI Set 1 0 0 0 0 24 0  9 0 0 3 43 52 
FNI Set 1 0 0 0 0 24 0  0 28 0 0 32 34 
Note: Sp represents incorrect Spanish word; Eng represents incorrect English word; Lan 
represents incorrect language; Non represents nonsense word; IDK represents “I don’t know;” 
NR represents no response.  
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Table 10 
 

Frequency of Error Type Across Baseline and Training Phases for Alex 
 

 Baseline  Training 
 Sp Eng Lan Non IDK NR  Sp Eng Lan Non IDK NR 

Tact Set 1 1 0 0 5 18 0  37 0 0 9 36 4 
NFI Set 1 1 0 0 5 18 0  141 1 0 8 62 13 
FNI Set 1 0 15 0 0 9 0  1 73 0 0 8 3 
Note: Sp represents incorrect Spanish word; Eng represents incorrect English word; Lan 
represents incorrect language; Non represents nonsense word; IDK represents “I don’t know;” 
NR represents no response.  
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Table 11 
 
Number of Sessions to Meet the Mastery Criterion during Tact Training and 
METT for Paula’s Set 1 and Set 2 Stimuli 
 

 Set 1 Set 2 
Tact 22 9 

METT 18 7 
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Table 12 
 
Number of Sessions to Meet the Mastery Criterion During Tact Training and 
METT for Albert’s Set 1 and Set 2 Stimuli 
 

 Set 1 Set 2 
Tact 8 9 

METT 7 7 
	
  



Texas Tech University, Ashley L. Matter, August 2017  

 134 

Table 13 
 

Frequency of Error Type Across Baseline and Training Phases for Paula 
 

 Baseline  Training 
 Sp Eng Lan Non IDK NR  Sp Eng Lan Non IDK NR 

Tact Set 1 0 0 0 0 23 1  18 0 0 0 32 13 
Tact Set 2 0 0 0 0 48 0  7 0 0 3 24 1 

METT Set 1 0 0 0 0 24 0  37 0 0 0 43 4 
METT Set 2 0 0 0 0 36 0  7 0 0 2 10 0 
Note: Sp represents incorrect Spanish word; Eng represents incorrect English word; Lan 
represents incorrect language; Non represents nonsense word; IDK represents “I don’t know;” 
NR represents no response.  
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Table 14 
 

Frequency of Error Type Across Baseline and Training Phases for Albert 
 

 Baseline  Training 
 Sp Eng Lan Non IDK NR  Sp Eng Lan Non IDK NR 

Tact Set 1 0 0 0 0 24 0  3 0 0 0 22 0 
Tact Set 2 0 0 0 0 36 0  1 0 0 2 15 0 

METT Set 1 0 0 0 0 24 1  5 0 0 0 29 1 
METT Set 2 0 0 0 0 36 0  3 0 0 0 17 0 
Note: Sp represents incorrect Spanish word; Eng represents incorrect English word; Lan 
represents incorrect language; Non represents nonsense word; IDK represents “I don’t know;” 
NR represents no response.  
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Table 15 
 
Number of Sessions to Meet the Mastery Criterion During Training and Training 2, 
and Total Number of Sessions to Acquire all Relations Across Tact and Mixed 
Training for Sabrina’s Set 1 and Set 2 Stimuli 
 

 Set 1 Set 2 
 Training Training 2 Total Training Training 2 Total 

Tact 13 - 13 8 4 12 
Mixed 19 - 19 10 4 14 
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Table 16 
 
Number of Sessions to Meet the Mastery Criterion During Training and Training 2, 
and Total Number of Sessions to Acquire all Relations Across Tact and Mixed 
Training for Renee’s Set 1 and Set 2 Stimuli 
 

 Set 1 Set 2 
 Training Training 2 Total Training Training 2 Total 

Tact 10 - 10 16 1 17 
Mixed 8 2 10 6 2 8 
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Table 17 
 

Frequency of Error Type Across Baseline and Training Phases for Sabrina 
 

 Baseline  Training 
 Sp Eng Lan N IDK NR Pic  Sp Eng Lan N IDK NR Pic 

Tact 
Set 1 0 0 0 0 24 0 -  4 0 0 0 33 0 - 

Tact 
Set 2 0 0 0 0 36 0 -  3 1 0 1 32 1 - 

Mixed 
Set 1 3 0 0 0 21 0 0  2 8 0 1 65 2 8 

Mixed 
Set 2 0 0 0 0 36 0 0  5 1 0 0 19 1 9 

Note: Sp represents incorrect Spanish word; Eng represents incorrect English word; Lan represents 
incorrect language; N represents nonsense word; IDK represents “I don’t know;” NR represents no 
response; Pic represents incorrect picture selected during listener trials. 
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Table 18 
 

Frequency of Error Type Across Baseline and Training Phases for Renee 
 

 Baseline  Training 
 Sp Eng Lan N IDK NR Pic  Sp Eng Lan N IDK NR Pic 

Tact 
Set 1 2 0 0 0 46 0 -  5 0 0 1 8 4 - 

Tact 
Set 2 13 0 0 0 23 0 -  31 0 0 0 5 14 - 

Mixed 
Set 1 4 8 0 0 19 0 8  3 2 0 0 4 1 1 

Mixed 
Set 2 6 2 0 1 15 0 8  5 0 0 0 1 4 1 

Note: Sp represents incorrect Spanish word; Eng represents incorrect English word; Lan represents 
incorrect language; N represents nonsense word; IDK represents “I don’t know;” NR represents no 
response; Pic represents incorrect picture selected during listener trials. 
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Table 19 
 
Number of responses correct out of total number of opportunities during 
maintenance trials across trained and tested relations for nouns assigned to the 
Tact and Mixed training conditions of the Set 1 stimuli for Sabrina 
 

 Trained Tested Total (% Correct) 
Tact Set 1 2/3 5/9 7/12 (58%) 

Mixed Set 1 2/12 - 2/12 (17%) 
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Table 20 
 
Number of responses correct out of total number of opportunities during 
maintenance trials across trained and tested relations for nouns assigned to the 
Tact and Mixed training conditions of the Set 1 stimuli for Renee 
 

 Trained Tested Total (% Correct) 
Tact Set 1 2/3 7/9 9/12 (75%) 

Mixed Set 1 7/12 - 7/12 (58%) 
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Figure 1. The number of correct responses across baseline (BL), training, and choice phases 
for each condition and stimulus set for Scarlet. Grey data points represent probe sessions of 
each relation and correspond with the right y-axis displaying percentage correct. 
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Figure 2. The number of correct responses across baseline (BL), training, and choice phases 
for each condition and stimulus set for Brittany. Grey data points represent probe sessions of 

each relation and correspond with the right y-axis displaying percentage correct.
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Figure 3. The number of correct responses across baseline (BL), training, and choice phases 
for each condition and stimulus set for Brian. Grey data points represent probe sessions of 
each relation and correspond with the right y-axis displaying percentage correct. 
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Figure 4. The number of correct responses across baseline (BL), 5-s prompt delay, contingent 
reinforcement (Cont. Sr+), and alternative error correction (Alt. EC) phases for each 
condition for Amber. Grey data points represent probe sessions of each relation and 
correspond with the right y-axis displaying percent correct. 
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Figure 5. The number of correct responses across baseline (BL), 5-s prompt delay, contingent 
reinforcement (Cont. Sr+), and alternative error correction (Alt. EC) phases for each 
condition for Alex. Grey data points represent probe sessions of each relation and correspond 
with the right y-axis displaying percent correct. 
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Figure 6. The number of correct responses across the pre- and post-tests of the Set 1 and Set 2 
stimuli for Scarlet. Each graph represents three nouns assigned to a specific relation or 
control set. The ratio displayed in the title of each graph represents the number of correct 
responses during all post-test sessions over the total number of post-test trials within the 
corresponding stimulus set.  
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Figure 7. The number of correct responses across the pre- and post-tests of the Set 1 and Set 2 
stimuli for Brittany. Each graph represents three nouns assigned to a specific relation or 
control set. The ratio displayed in the title of each graph represents the number of correct 
responses during all post-test sessions over the total number of post-test trials within the 
corresponding stimulus set.  
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Figure 8. The number of correct responses across the pre- and post-tests of the Set 1 and Set 2 
stimuli for Brian. Each graph represents three nouns assigned to a specific relation or control 
set. The ratio displayed in the title of each graph represents the number of correct responses 
during all post-test sessions over the total number of post-test trials within the corresponding 
stimulus set. 
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Figure 9. The number of correct responses across the pre- and post-tests of the Set 1 stimuli 
for Amber. Each graph represents three nouns assigned to a specific relation or control set. 
The ratio displayed in the title of each graph represents the number of correct responses 
during all post-test sessions over the total number of post-test trials within the corresponding 
stimulus set.  
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Figure 10. The number of correct responses across the pre- and post-tests of the Set 1 stimuli 
for Amber. Each graph represents three nouns assigned to a specific relation or control set. 
The ratio displayed in the title of each graph represents the number of correct responses 
during all post-test sessions over the total number of post-test trials within the corresponding 
stimulus set.  
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Figure 11. The percentage of trials correct during all of the pre- and post-test sessions for all 
of the participants combined. The percentage displayed in the title of each graph represents 
the percentage of trials correct during all post-test sessions within the corresponding stimulus 
set.   
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Figure 12. The number of correct responses across baseline (BL) and training phases for each 
condition and stimulus set for Paula. 
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Figure 13. The number of correct responses across baseline (BL) and training phases for each 
condition and stimulus set for Albert.  
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Figure 14. The number of correct responses across the pre- and post-tests of the Set 1 and Set 
2 stimuli for Paula. Each graph represents three nouns assigned to a specific relation or 
control set. The ratio displayed in the title of each graph represents the number of correct 
responses during all post-test sessions over the total number of post-test trials.  
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Figure 15. The number of correct responses across the pre- and post-tests of the Set 1 and Set 
2 stimuli for Albert. Each graph represents three nouns assigned to a specific relation or 
control set. The ratio displayed in the title of each graph represents the number of correct 
responses during all post-test sessions over the total number of post-test trials.  
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Figure 16. The number of correct responses across baseline (BL), training, and choice phases 
for each condition and stimulus set for Sabrina.  
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Figure 17. The number of correct responses across baseline (BL), training, and choice phases 
for each condition and stimulus set for Sabrina.  
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Figure 18. The number of correct responses across the pre- and post-tests of the Set 1 and Set 
2 stimuli for Sabrina. Each graph represents three nouns assigned to a specific relation or 
control set. The ratio displayed in the title of each graph represents the number of correct 
responses during all post-test sessions over the total number of post-test trials.  
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Figure 19. The number of correct responses across the pre- and post-tests of the Set 1 and Set 
2 stimuli for Renee. Each graph represents three nouns assigned to a specific relation or 
control set. The ratio displayed in the title of each graph represents the number of correct 
responses during all post-test sessions over the total number of post-test trials.  
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APPENDENCIES 

Appendix A 

Example of Data Collection Sheet for Pre- and Post-Tests 

 

PRE/POSTTESTS Mixed 1
Session #:______ Ther: Date:

Data: Part:

Trial Target Other word EC?
1 pan Y / N

2 ventana Y / N

3 camion Y / N

4 pan Y / N

5 ventana Y / N

6 pan Y / N

7 camion Y / N

8 ventana Y / N

9 ventana Y / N

10 camion Y / N

11 pan Y / N

12 camion Y / N

Session #:______ Ther: Date:

Data: Part:

Trial Target Other word EC?
1 camion Y / N

2 ventana Y / N

3 camion Y / N

4 camion Y / N

5 pan Y / N

6 ventana Y / N

7 pan Y / N

8 ventana Y / N

9 pan Y / N

10 pan Y / N

11 ventana Y / N

12 camion Y / N

Session #:______ Ther: Date:

Data: Part:

Trial Target Other word EC?
1 window Y / N

2 window Y / N

3 bread Y / N

4 truck Y / N

5 bread Y / N

6 truck Y / N

7 truck Y / N

8 window Y / N

9 window Y / N

10 truck Y / N

11 bread Y / N

12 bread Y / N

Testing which relation?     FTN    /    NTF    /    LIST  /   TACT

Testing which relation?     FTN    /    NTF    /    LIST  /   TACT

Testing which relation?     FTN    /    NTF    /    LIST  /   TACT
Notes

Notes

NotesCirlce
Corr.  /  Incorr. IDK / other word / NR

which error?

IDK / other word / NR

IDK / other word / NR

IDK / other word / NR

Corr.  /  Incorr.

Corr.  /  Incorr.

Corr.  /  Incorr.

Corr.  /  Incorr.

Corr.  /  Incorr.

Corr.  /  Incorr.

Corr.  /  Incorr.

Corr.  /  Incorr.

Corr.  /  Incorr.

Corr.  /  Incorr.

IDK / other word / NR

IDK / other word / NR

IDK / other word / NRCorr.  /  Incorr.

IDK / other word / NR

IDK / other word / NR

IDK / other word / NR

IDK / other word / NR

IDK / other word / NR

Cirlce which error?
Corr.  /  Incorr. IDK / other word / NR

Corr.  /  Incorr.

Corr.  /  Incorr.

Corr.  /  Incorr. IDK / other word / NR

Corr.  /  Incorr. IDK / other word / NR

Corr.  /  Incorr. IDK / other word / NR

Cirlce which error?

IDK / other word / NR

Corr.  /  Incorr. IDK / other word / NR

IDK / other word / NR

Corr.  /  Incorr. IDK / other word / NR

IDK / other word / NR

Corr.  /  Incorr. IDK / other word / NR

Corr.  /  Incorr. IDK / other word / NR

Corr.  /  Incorr.

Corr.  /  Incorr. IDK / other word / NR

Corr.  /  Incorr. IDK / other word / NR

Corr.  /  Incorr. IDK / other word / NR

Corr.  /  Incorr. IDK / other word / NR

Corr.  /  Incorr. IDK / other word / NR

Corr.  /  Incorr. IDK / other word / NR

Corr.  /  Incorr. IDK / other word / NR

Corr.  /  Incorr. IDK / other word / NR

Corr.  /  Incorr. IDK / other word / NR

Corr.  /  Incorr. IDK / other word / NR

Corr.  /  Incorr. IDK / other word / NR

Corr.  /  Incorr. IDK / other word / NR

Corr.  /  Incorr. IDK / other word / NR
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Appendix B 

Example of Data Collection Sheet for Tact Training 

  

BL/Train Tact 1
Session #:______ Ther: Date:

Baseline  /  Training Data: Part:

Trial Target Other word C feed?
1 lapiz Y / N

2 puerta Y / N

3 tocino Y / N

4 lapiz Y / N

5 puerta Y / N

6 lapiz Y / N

7 tocino Y / N

8 puerta Y / N

9 puerta Y / N

10 tocino Y / N

11 lapiz Y / N

12 tocino Y / N

Session #:______ Ther: Date:

Baseline  /  Training Data: Part:

Trial Target Other word C feed?
1 tocino Y / N

2 puerta Y / N

3 tocino Y / N

4 tocino Y / N

5 lapiz Y / N

6 puerta Y / N

7 lapiz Y / N

8 puerta Y / N

9 lapiz Y / N

10 lapiz Y / N

11 puerta Y / N

12 tocino Y / N

Session #:______ Ther: Date:

Baseline  /  Training Data: Part:

Trial Target Other word C feed?
1 lapiz Y / N

2 lapiz Y / N

3 puerta Y / N

4 tocino Y / N

5 lapiz Y / N

6 tocino Y / N

7 puerta Y / N

8 tocino Y / N

9 puerta Y / N

10 tocino Y / N

11 puerta Y / N

12 lapiz Y / N

Corr.  /  Incorr. IDK / other word / NR

Corr.  /  Incorr. IDK / other word / NR

Corr.  /  Incorr.

Corr.  /  Incorr. IDK / other word / NR

Corr.  /  Incorr. IDK / other word / NR

Corr.  /  Incorr. IDK / other word / NR

Corr.  /  Incorr. IDK / other word / NR

Corr.  /  Incorr. IDK / other word / NR

IDK / other word / NR

Corr.  /  Incorr. IDK / other word / NR

IDK / other word / NR

Corr.  /  Incorr.

Corr.  /  Incorr.

Corr.  /  Incorr.

Corr.  /  Incorr.

Corr.  /  Incorr.

Corr.  /  Incorr.

Corr.  /  Incorr.

IDK / other word / NR

IDK / other word / NR

IDK / other word / NRCorr.  /  Incorr.

IDK / other word / NR

IDK / other word / NR

IDK / other word / NR

IDK / other word / NR

IDK / other word / NR

Circle which error?
Corr.  /  Incorr. IDK / other word / NR

Corr.  /  Incorr.

Corr.  /  Incorr.

IDK / other word / NR

Circle
Corr.  /  Incorr. IDK / other word / NR

which error?

IDK / other word / NR

IDK / other word / NR

IDK / other word / NR

Corr.  /  Incorr.

Corr.  /  Incorr.

Corr.  /  Incorr.

Notes

Notes

Circle which error? Notes
Corr.  /  Incorr. IDK / other word / NR

Corr.  /  Incorr. IDK / other word / NR

Corr.  /  Incorr. IDK / other word / NR

Corr.  /  Incorr. IDK / other word / NR

Corr.  /  Incorr. IDK / other word / NR

Corr.  /  Incorr. IDK / other word / NR

Corr.  /  Incorr. IDK / other word / NR

Corr.  /  Incorr. IDK / other word / NR

Corr.  /  Incorr. IDK / other word / NR

Corr.  /  Incorr. IDK / other word / NR

Corr.  /  Incorr. IDK / other word / NR

Corr.  /  Incorr. IDK / other word / NR
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Appendix C 

Example of Data Collection Sheet for Mixed Training 

 

BL/Train Mixed 1
Session #:______ Ther: Date:
Baseline  /  Training Data: Part:

Trial Target Relation Cirlce which error? Other word C feed?
1 oso FNI C  /  I IDK / OW / NR Y / N
2 glasses NFI C  /  I IDK / OW / NR Y / N
3 sandia FNI C  /  I IDK / OW / NR Y / N
4 oso List C  /  I IDK / OW / NR Y / N
5 lentes Tact C  /  I IDK / OW / NR Y / N
6 oso Tact C  /  I IDK / OW / NR Y / N
7 sandia List C  /  I IDK / OW / NR Y / N
8 lentes List C  /  I IDK / OW / NR Y / N
9 lentes FNI C  /  I IDK / OW / NR Y / N

10 sandia Tact C  /  I IDK / OW / NR Y / N
11 bear NFI C  /  I IDK / OW / NR Y / N
12 watermelon NFI C  /  I IDK / OW / NR Y / N

Session #:______ Ther: Date:
Baseline  /  Training Data: Part:

Trial Target Relation Cirlce which error? Other word C feed?
1 sandia List C  /  I IDK / OW / NR Y / N
2 lentes List C  /  I IDK / OW / NR Y / N
3 sandia Tact C  /  I IDK / OW / NR Y / N
4 watermelon NFI C  /  I IDK / OW / NR Y / N
5 oso FNI C  /  I IDK / OW / NR Y / N
6 lentes FNI C  /  I IDK / OW / NR Y / N
7 bear NFI C  /  I IDK / OW / NR Y / N
8 glasses NFI C  /  I IDK / OW / NR Y / N
9 oso List C  /  I IDK / OW / NR Y / N

10 oso Tact C  /  I IDK / OW / NR Y / N
11 lentes Tact C  /  I IDK / OW / NR Y / N
12 sandia FNI C  /  I IDK / OW / NR Y / N

Session #:______ Ther: Date:
Baseline  /  Training Data: Part:

Trial Target Relation Cirlce which error? Other word C feed?
1 sandia FNI C  /  I IDK / OW / NR Y / N
2 sandia Tact C  /  I IDK / OW / NR Y / N
3 lentes List C  /  I IDK / OW / NR Y / N
4 bear NFI C  /  I IDK / OW / NR Y / N
5 watermelon NFI C  /  I IDK / OW / NR Y / N
6 oso List C  /  I IDK / OW / NR Y / N
7 lentes Tact C  /  I IDK / OW / NR Y / N
8 oso FNI C  /  I IDK / OW / NR Y / N
9 glasses NFI C  /  I IDK / OW / NR Y / N

10 sandia List C  /  I IDK / OW / NR Y / N
11 lentes FNI C  /  I IDK / OW / NR Y / N
12 oso Tact C  /  I IDK / OW / NR Y / N

Notes

Notes

Notes


