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Intraverbal behavior governs core elements of academic and intellectual behavior. These 

intraverbal relations can be explicitly taught when an individual is prompted to provide an 

appropriate response with pictures, text, or other stimuli following a verbal stimulus. It is 

possible that a focus on fluency of the target repertoires may lead to more conclusive data. The 

current study assessed the effects of precision teaching based instruction for component textual 

repertoires on the acquisition of intraverbal relations. Specifically, this study compared the 

effectiveness of two textual prompting procedures (with and without fluency-based instruction) 

on the acquisition and application of intraverbal relations using time-delay and a carefully 

controlled set of intraverbal stimuli. Results indicate that the use of textual prompts and an 

errorless time-delay transfer of stimulus control procedure were effective strategies for teaching 

intraverbal responses regardless of the inclusion of fluency-based instruction. 
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INTRODUCTION 

Baer and Wolf (1970) suggested that communication deficits obstruct contact with 

reinforcement in the natural community and alienate children from the verbal and social 

reciprocation of their parents, peers, and community. Intraverbal behavior is among these 

communication deficits. Skinner (1957) defined intraverbal behavior as responses evoked by 

verbal discriminative stimuli that do not have point-to-point correspondence to the verbal 

response maintained by generalized conditioned reinforcers. For example, a teacher may write 

“elephant” on the board, which might occasion an intraverbal response of “animal” from the 

student. Intraverbal behavior governs core elements of academic and intellectual behavior, 

including conversational skills, social interaction, problem solving and entertainment (Sundberg 

& Michael, 2001). Children with autism can have an especially difficult time developing 

intraverbal relations (Sundberg & Sundberg, 2011). Clinical recommendations have been made 

to investigate procedures for teaching intraverbals to children with autism (Sundberg & 

Partington, 1998). 

Researchers have suggested that intraverbal behavior can be explicitly taught when an 

individual is prompted with pictures, text, or other stimuli to provide an appropriate response 

following a verbal stimulus (Braam & Poling, 1983; Emmick, Cihon, & Eshleman, 2010; Finkel 

& Williams, 2001; Ingvarsson, Tiger, Hanley, & Stephenson 2007; Luciano, 1986; Miguel, 

Petursdottir, & Carr, 2005; Partington & Bailey, 1993; Vedora, Meunier, & Mackay, 2009; 

Watkins, Pack-Teixteria, & Howard, 1989). Prompt formats have frequently been compared as 

measures of teaching efficiency (Braam & Poling, 1983; Emmick et al., 2010; Finkel & 

Williams, 2001; Ingvarsson, & Le, 2011; Vedora et al., 2009), yet these studies yielded 

inconsistent results across learners and studies. 
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Questions of teaching efficiency to establish intraverbal responses may be better framed 

by limiting the number of conditional discriminations (Axe, 2008; Sundberg & Sundberg, 2011) 

or emphasizing fluency over accuracy of component and composite repertoires (Cihon, 2007; 

Emmick, Cihon, & Eshleman, 2010). Axe (2008) suggested that teaching conditional 

discriminations for intraverbal relations relies on prerequisites, stimulus arrays, and teaching 

procedures. Previous research has focused on prerequisites (Partington, 2006; Sundberg & 

Partington, 1998; Sundberg, 2008) and teaching procedures (Emmick et al.; Finkel & Williams, 

2001; Jahr, 2001; Sundberg et al., 1990; Vedora et al., 2009), but few studies have looked 

specifically at the stimulus arrays (Axe). In fact, most studies presented a mix of simple 

discriminations in which a response was evoked by a single stimulus, and verbal conditional 

discriminations in which the response to one verbal stimulus changed the evocative effect of 

another verbal stimulus within the same antecedent event (Sundberg & Sundberg).  

 With the exception of Emmick et al. (2010), researchers have focused on the accuracy 

rather than the fluency (cf., Binder, 1996) of the target repertories (cf., Cihon, 2007). Contrary to 

other interventions where mastery is obtained when correct responding has reached a certain 

criterion, mastery in precision teaching (Binder, 2006) is obtained only after application is 

demonstrated. The difference is that testing for “mastery focuses on the recombinative elements 

and combining operations taught, while testing for generality focuses on sampling the 

application of these skills across the universal set of stimuli” (Alessi, p.18, 1987). Binder (1996) 

specifically referred to application as the integration of component response classes into 

composite response classes (Table 1).  

Haughton (1972) reported increasing the frequencies of component skills also increases 

the application of related composite skills. Similar to application, generative instruction focuses 
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on establishing key component skills and teaching them to fluency. However, generative 

instruction further extends the process from the application of new response stimuli to new 

environment requirements in which these component behaviors recombine in new ways that 

correspond to higher level, complex skills (Johnson & Layng, 1992). This suggests that students 

learning component intraverbal skills with a focus on fluency followed by application and 

generalization checks may obtain higher level complex skills without explicit training. The 

inclusion of both application and generalization has rarely been present, but greatly called for 

among studies in the intraverbal literature (Cihon, 2007).  

Specifically, this adjustment may affect generalization of the target intraverbal relations 

(Cihon, 2007). Finkel and Williams (2001) along with Vedora et al. (2009) focused on accuracy, 

not fluency of responding, and cited a need for greater generalization. In contrast, Emmick et al. 

(2010) focused on teaching textual repertoires to fluency before transferring control to 

intraverbal relations. Results, “suggested that transfer of stimulus control was effective for 

teaching intraverbals, and adding a fluency component result[ed] in faster acquisition for some 

participants” (Emmick et al., 2010, p. 22). While some of Emmick et al.’s participants 

demonstrated generalization and maintenance of the trained intraverbal relations, not all of the 

participants performed consistently.   

In the current study, the number of conditional discriminations in the verbal stimuli was 

limited in an effort to more clearly isolate the distinction between accuracy and fluency training 

for transfer of stimulus control from textual to verbal stimuli. Each pair of verbal stimuli was 

structured so that the last word the participant heard was the same, but the preceding word 

differed. 
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The current study also extended the use of fluency-based instruction. This study tested 

the effectiveness of precision teaching in yielding generalization and application. Specifically, 

this study compared the effectiveness of two textual prompting procedures (with and without 

fluency-based instruction) on the acquisition and application of intraverbal relations using time-

delay and a carefully limited set of verbal stimuli. The specific experimental questions addressed 

were: is acquisition of intraverbal responses enhanced by adding a fluency component prior to 

textual prompt transfer-of-stimulus control procedures, and when intraverbal relations are 

acquired, will they be emitted in the presence of novel people and novel vocal, verbal stimuli?
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METHODS 

Participants 

 Participants were three children, two males and one female, diagnosed with autism. Their 

textual repertoire consisted of at least 50 words. Participants were also able to follow one and/or 

two-step instructions. All three participants were 6 years old. An Assessment of Basic Language 

and Learning Skills-Revised (ABLLS-R; Partington, 2006) was administered with each child to 

determine their intraverbal and textual repertoires. 

Amelia was a 6-year-old Asian female diagnosed with pervasive developmental disorder 

- not otherwise specified (PDD-NOS). Although she could provide an answer to all questions 

asked of her during baseline, she often responded incorrectly, especially to questions involving 

conditional discriminations. She attended first grade and received after school behavior analytic 

services.  

Orville was a 6-year-old Middle Eastern male diagnosed with receptive/expressive 

language disorder, articulation disorder, childhood apraxia of speech, and feeding difficulties and 

mismanagement. While Orville was gaining vocabulary he often echoed back components of a 

question or used an iPad to communicate his requests.  

Wilbur was a 6-year-old Caucasian male diagnosed with autism spectrum disorder. When 

asked a question Wilbur would generally echo a component of the question, not respond, or 

respond incorrectly. 

Settings and Materials 

All children attended an autism treatment program that emphasized behaviorally based 

interventions. Yet, the treatment program was considered all-inclusive because services such as 

physical therapy, occupational therapy, speech-language therapy, audiology, enrichment 
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programs, and social services were also provided. Each experimental session took place in a 

therapy room that was setup in a one-to-one format with a two-sided window for observation. 

  Materials consisted of two sets of questions (Table 2). All questions dealt with the 

function of an item (e.g., “What do you write with?”). Most importantly, each response involved 

a conditional discrimination between the verbal stimulus and the intraverbal response. Target 

responses for the fluency-building condition were printed on 8 ½” x 11” sheets of paper. This 

preparation encouraged free operant responding (Lindsley, 1991). Textual stimuli associated 

with the nonfluency building condition and transfer of stimulus control conditions were printed 

in 48 point, Helvetica print on a 3”x5”, unlined index card. Timings were implemented with the 

use of an electronic timer, a pitch counter and two forms of the Standard Celeration Chart (SCC), 

the timings chart and the daily chart. 

Independent Variables 

 One variable was manipulated on two levels: transfer of stimulus control from textual to 

intraverbal (cf., Vedora et al., 2009) and transfer of stimulus control from textual to intraverbal 

with fluency-based instruction on the textual repertoire (cf., Emmick et al., 2010).  

Dependent Variables 

 Three dependent variables were assessed: the rate of acquisition of intraverbal relations 

with or without fluency-based instruction for the associated textual repertoires, the generalization 

of the intraverbal relations and the application of intraverbal relations. 

Procedure 

Participants’ preexperimental verbal repertoires were assessed using sections of the 

Assessment of Basic Language and Learning Skills-Revised (ABLLS-R; Partington, 2006).   

Target intraverbal sets were selected following probes to determine to which verbal stimuli 
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participants consistently responded to incorrectly (including no response). Those stimuli selected 

for the textual fluency before transfer of stimulus control condition underwent fluency-based 

instruction for the target textual stimuli. Once the textual relations reached fluent levels, transfer 

of stimulus control began for an intraverbal relation in each experimental condition. Prior to any 

experimental session, participants were asked for what s/he wanted to earn. 

Assessments 

  Intraverbal probes were conducted with each of the verbal stimuli to identify target 

stimuli. Each verbal stimulus was selected randomly from a bag and read out loud. The verbal 

stimulus was delivered three separate times. No differential consequences were provided for 

either correct or incorrect answers; instead, praise statements were made contingent upon 

appropriate attending behavior (e.g., eye contact, sitting in the seat). Verbal stimuli were chosen 

for intervention if two out of three responses were incorrect. 

Textual Fluency 

 Before entering into the transfer of stimulus control phase, some textual responses were 

taught to fluency. In the fluency-building phase, the experimenter began a 30-s timing, and 

presented the learner with an array of textual stimuli. Four stimulus arrays were available.  

Participants pointed to a preferred stimulus array chosen between two stimulus arrays prior to 

each timing. After the initial session, experimenters chose two different selections other than the 

two previously chosen stimulus arrays. Experimenters showed participants a visual goal that 

allowed them to beat their previous “personal best” (where personal best refers to the highest 

number of correct responses and the lowest number of incorrect responses emitted during the 

previous fluency building session). A maximum of three timings were conducted during each 

session. If a participant hit their frequency aim or personal best, the fluency building session 
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ended. The learner received behavior-specific praise at the end of each timing and received a 

highly preferred item contingent on exceeding or tying a personal best. If the participant 

responded incorrectly, those responses were noted and practiced before the next session began. 

To practice, the experimenter chose three words previously missed, read aloud each word, and 

had the child echo the experimenter’s model. The overall aim of this phase was to train textual 

fluency as defined by RESA (Retention, Endurance, Stability and Application) criteria (Fabrizio 

& Moors, 2003). A range of frequency aims were accepted based on previously suggested rates 

of words per minute (Emmick et al., 2010; Fabrizio & Moors, 2003; Kubina, Morrison, & Lee, 

2002).  

Transfer of Stimulus Control 

 Two sets of verbal stimuli were selected for training and each session consisted of a 

maximum of 10 trials. Stimuli were chosen at random from a hat. Initially experimenters 

presented the vocal verbal stimulus to the participant (e.g., What do you eat with?).  Next the 

experimenter presented the appropriate response written on an index card (e.g., fork) and allowed 

the participant 3 s to respond before the response was scored accordingly. Experimenters scored 

a response incorrect if participants emitted an inappropriate or incorrect response or did not 

respond at all. The experimenter delivered praise and a highly preferred item or activity when the 

participant responded with a correct answer. 

Once correct responding occurred for at least three consecutive trials after the delivery of 

the prompt, experimenters faded prompts using a time-delay procedure. The delay between the 

presentation of the vocal-verbal stimulus and the presentation of the textual prompt was 

increased by 1 s. This continued until the delay reached a maximum of 5 s. If a learner began to 

emit two or more errors per timing for three consecutive trials, or s/he failed to respond before 
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the textual prompt was delivered at least three times per timing for three consecutive trials, the 

delay was reduced by 1 s (i.e., they moved to the previous stage of training). Once the learner 

responded to both of the vocal-verbal stimuli with no more than one error and without prompts 

for three consecutive trials, the learner moved to the application and generalization phase.  

Application and Generalization Checks 

 Following the transfer-of-stimulus control phase, experimenters asked participants 

questions that were similar intraverbal relations to the stimuli targeted throughout the 

experiment. Precision teachers refer to these checks as application checks. Experimenters 

conducted the first application check prior to the teaching phase (transfer of stimulus control 

phase) in both conditions: intraverbal relations with or without fluency-based instruction for the 

associated textual repertoires. This was done to test whether responses trained textually would be 

applied as answers to questions never directly trained. Questions that were not answered 

correctly moved into the teaching phase (transfer of stimulus control). Experimenters 

administered a second application check following the teaching phase. Experimenters presented 

the verbal stimuli and gave participants 3 s to respond before the response was recorded as 

correct or incorrect. Participants received praise and preferred items were delivered contingent 

on correct responding.  

A generalization check across people and settings was conducted during the one-month 

retention check. Parents and teachers were given the target questions to ask their children at 

home and school. Learner responses were recorded and returned to experimenters. 

Experimental Design 

 An alternating treatment design (Barlow & Hersen, 1973; Barlow, Nock, & Hersen, 

2009) was used to compare the efficiency of the independent variables on establishing the 
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desired intraverbal relations. In order to increase the internal and external validity of the study, 

replications across participants and intraverbal sets were conducted. 

Interobserver Agreement 

 Interobserver agreement (IOA) was collected in a minimum of 45% of all sessions by two 

independent observers. This included prebaseline instruction, baseline, timings conducted to 

assess fluency, teaching (transfer of stimulus control sessions), retention and generalization 

checks and lastly application checks. Observers recorded correct responses, incorrect responses, 

prompts, and response approximations made by the participants in the study. IOA was calculated 

by dividing the number of agreements by the total number of agreements plus disagreements. 

The quotient was multiplied by 100 in order to determine the percentage of agreement. The IOA 

for all participants was 100% in baseline, transfer of stimulus control, RESA, and maintenance 

and generalization. Mean IOA for Wilbur during fluency building was 98% (range, 83%-100%). 

Mean IOA for Orville during fluency building was 98% (range, 92%-100%). Mean IOA for 

Amelia during fluency building was 99.5% (range, 97% to 100%). 

Treatment Integrity 

 An individual independent of the study observed the experimenter and scored a 

procedural checklist for integrity for at least 45% of all sessions. Treatment integrity (TI) was 

100% for baseline, transfer of stimulus control, RESA, and maintenance and generalization. The 

mean TI for fluency building was 99% (range, 91% to 100%) for Wilbur and 100% for both 

Orville and Amelia.  
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RESULTS 

 Experimenters conducted baseline probes with each verbal stimulus to identify target 

stimuli. Each verbal stimulus was delivered three separate times to each participant; each 

participant responded incorrectly across all three probes for each question set selected.  

All participants met their frequency aim. Wilbur met the aim of 90 words per minute with 

zero errors after 17 timings (see Figure 1). Orville met the aim of 94 words per minute with zero 

errors after 18 timings (see Figure 2). Amelia met the aim of 84 words per minute with zero 

errors after 17 timings (see Figure 3).  

Experimenters completed RESA checks at the end of each participants’ fluency-building 

phase. Three additional timings were completed after participants’ reached their fluency aims: 

the first check tested retention abilities of each participant; the second tested the endurance of 

participants’ abilities to read targeted words within three times the duration of the original 

timing; the third check tested the stability of participants’ responding in settings with more 

distractions than the original experimental setting. Wilbur retained a rate of 86 words per minute 

during the retention check, 70 words per minute during the endurance check, and 72 words per 

minute during the stability check (Figure 1). Orville retained a rate of 104 words per minute 

during the retention check, 88 words per minute during the endurance check, and 104 words per 

minute during the stability check (Figure 2).  Amelia retained a rate of 82 words per minute 

during the retention check, 74 words per minute during the endurance check, and 80 words per 

minute during the stability check (Figure 3).  

 Prior to transfer of stimulus control (but after fluency building), experimenters asked 

participants the targeted questions sets to test for application of the terms taught to fluency 

(Table 3). Wilbur answered 3 of 6 questions correctly from the fluency condition and 1 of 6 
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questions correctly from the nonfluency condition. Orville answered 1 of 7 questions correctly 

from both the fluency and nonfluency conditions.  Amelia answered two of eight questions 

correctly from the fluency condition and one of eight questions correctly from the nonfluency 

condition.  

After transfer of stimulus control was completed, each participant responded to all verbal 

stimuli before the textual prompt was provided. Figure 4 represents Wilbur’s teaching trials to 

criterion across three intraverbal.  Intraverbal Sets I and II required 12 teaching trials to reach 

criterion in both the nonfluency and fluency conditions. Wilbur met criterion in the nonfluency 

condition in 9 teaching trials and in 12 trials in the fluency condition. 

 Figure 5 shows Orville’s teaching trials to criterion across five intraverbal Sets. The 

responses in the nonfluency condition reached criterion before the responses in the fluency 

condition (3 trials for both sets, respectively) for the first two sets. However, for the last three 

intraverbal Sets, Orville met criterion in the fluency condition before the nonfluency condition.   

 Figure 6 depicts Amelia’s teaching trials to criterion across five different intraverbal sets. 

Intraverbal Sets I and V required the same number of teaching trials to reach criterion across 

both fluency and nonfluency conditions.  Intraverbal Sets II and IV were acquired in fewer 

teaching trials in the fluency condition (3 trials for both sets, respectively). However, for 

Intraverbal Set III, the response trained in the fluency condition took three more trials to reach to 

criterion than the response trained in the nonfluency condition. 

 In the second application check, experimenters asked three novel questions with an 

intraverbal frame similar to that used during teaching (e.g., “What do you stir with?”). Wilbur 

and Orville answered two out of three questions correctly (Table 4). Amelia answered one out of 

three questions correctly (Table 4).  
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Experimenters conducted two maintenance probes (1 week and 1 month) after 

instruction. Experimenters also assessed generalization during the monthly probe. Wilbur 

maintained correct responding to all questions across conditions after 1 week (Figure 7). He 

maintained correct responding to all questions in the fluency condition and for two out of three 

questions in the nonfluency condition after 1 month. Wilbur emitted all but one response from 

the nonfluency condition during the generalization assessment.  

Orville maintained correct responding to all questions across conditions after 1 week 

(Figure 8). During the monthly probe, Orville maintained correct responding for three out of five 

questions from the fluency condition and two out of five questions from the nonfluency 

condition. Orville demonstrated generalization across people and settings for three out of five 

questions from the fluency condition and two out of five questions from the nonfluency 

condition. 

Amelia maintained correct responding to all but one question within the nonfluency 

condition after 1 week (Figure 9). During the monthly probe, Amelia maintained correct 

responding for four out of five questions in the fluency condition and four out of five questions 

in the nonfluency condition.  Amelia demonstrated generalization across people and settings for 

8 out of 10 questions, missing one response from each condition.  

Upon study completion, participants’ teachers and caregivers were given a questionnaire 

designed to assess their opinions of the procedures used, the repertoires established, and their 

willingness to allow their child/student to participate in similar studies in the future. In general, 

parents reported an increase in vocal verbal responding and better comprehension of questions 

asked. Orville’s parents reported improvements in articulation; they credited this gain to 

confidence in responding. 
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DISCUSSION 

All participants reached the frequency aims during fluency-building for textual 

repertoires. Fluent textual repertoires withstood the retention, endurance, stability and 

application (RESA) check. In addition, participants acquired the target intraverbal responses via 

transfer of stimulus regardless of the experimental condition. Some response forms emerged 

during application checks and correct responding maintained and generalized during follow-up 

probes.  

One purpose of this study is to replicate and extend previous research in intraverbal 

acquisition. Results support those of previous studies (Touchette, 1971; Vedora et al., 2009) 

suggesting that transfer of stimulus control via time delay is an effective procedure for 

generating intraverbal relations. Each participant completed the transfer from textual to vocal 

stimulus control under the maximum time-delay provided. Wilbur needed an average a 4 s delay 

before the transfer of stimulus control was complete. Orville and Amelia needed an average a 3 s 

delay for the transfer of stimulus control to be completed. Initially, each participant required 

several transfer phases (e.g., up to 5 s delay); however, as more intraverbal sets were acquired 

participants required fewer transfer phases (e.g., control was transferred at the 2 s delay rather 

than the 5 s delay). These data replicate other studies that have shown similar effects – once 

initial targets are acquired; subsequent targets take fewer teaching trials (Coon, 2011; Emmick et 

al., 2011). 

A second purpose of this study is to test the efficiency of fluency-based instruction 

through acquisition of intraverbal relations. Axe (2008) and Sundberg and Sundberg (2011) 

recommended that component skills (mand, tact, simple intraverbal relations, etc.) be present 

prior to teaching intraverbal relations of a higher complexity. Other researchers have also 
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suggested the need for fluent component skill repertoires to boost composite skill acquisition 

(Fabrizio & Moors, 2003; Johnson & Layng, 1992). Emmick et al. (2011) noted little difference 

between fluency and nonfluency based instruction for text to intraverbal transfer methods. 

However, strong conclusions related to the added impact of fluency-based instruction may have 

been masked by the variations in conditional discriminations in the target verbal stimuli. Data 

replicate and extend Emmick et al.’s findings. Even with the added limits for the number of 

conditional discriminations (Axe, 2009), there is little to no separation between conditions across 

three intraverbal sets for Wilbur and five intraverbal sets for Orville and Amelia. This suggests 

intraverbal relations were taught just as effectively without a fluency component. Moreover, the 

number of trials required to bring textual repertoires to fluent levels further decreases the 

efficiency of pretransfer fluency-based instruction. This is not to say that there were no benefits 

to increasing participants’ textual fluency; in fact, responses to the social validity questionnaire 

suggest areas of impact outside of the scope of our experimental questions. For example, 

respondents reported improvements in the participants reading repertoires. Prior to the 

experiment each participant had limited exposure to reading. One set of parents reported that 

they did not know their child could read words. Amelia’s parents reported that she seemed to be 

reading more and hesitating less when reading. All three sets of parents reported they started 

reading to their child at night. These reports suggest that simply explaining the rationale for 

fluency sprints and the role of component skills in acquisition may have impacted caregiver 

behavior. Specifically, the use of textual stimuli may have directed caregiver attention to the role 

of text in their children’s education. 

Experimenters also addressed questions related to application, maintenance, and 

generalization of targeted repertoires. Data show that there was no separation between conditions 
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with or without pretransfer fluency-based instruction. All question sets, except for one in the 

nonfluency condition for Amelia, were maintained after one week. The majority of questions 

were maintained after one month, and there was no separation across conditions with respect to 

the number of questions answered incorrectly. In summary, the addition of component skill 

fluency-based instruction does not seem to yield improvements in maintenance or generalization 

of the target responses. It is possible that teaching the composite skills (i.e., the intraverbal sets) 

to fluent levels may have produced a different outcome. Moreover, experimenters conducted 

generalization probes after one month. It is possible that probing for generalization immediately 

following teaching might have produced different results. For example, the absence of 

generalization may have been a retention problem and not a true measure of generalization. 

Application checks show that some response forms emerged without explicit teaching.  

During the first application check, Wilbur emitted three out of six responses from the fluency 

condition and one out of six responses from the nonfluency condition. Amelia emitted two out of 

eight responses from the fluency condition and one out of eight responses from the nonfluency 

condition. Orville emitted one response without explicit training in each condition.  During the 

second application check, there is no apparent benefit to the addition of component skill fluency-

based instruction. Wilbur and Orville responded correctly to two out of three questions. Amelia 

responded correctly to one out of three questions. These data suggest that textual component skill 

fluency does not necessarily lead to application of intraverbal composite skills.  

While on one hand the lack of separation across conditions may suggest that fluency-

based instruction is unnecessary, it could be suggested that experimenters were incomplete in our 

representation of fluency-based instruction. Some may argue that other component skills, along 

with the textual repertoire, should have been taught to fluent levels prior to teaching intraverbal 
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behavior involving conditional discriminations. Tact repertoires may be an especially important 

skill to bring to fluency as well as the particular intraverbal frame that is used. A fluent tact 

repertoire may supply students with more responses to future questions, which could be 

recombined into novel responses in a similar intraverbal frame. 

This study could be improved upon in several ways. Past research has shown that 

different prompts (picture, text, vocal) are effective in generating intraverbal relations (Coon, 

2011; Emmick et al., 2010; Ingvarsson & Le, 2011; Vedora et al., 2009). Coon (2011) found that 

the prompt method most recently used to teach intraverbal responses required fewer trials to 

teach a response to criterion than other types of prompts that had not been used. For example, it 

may be the case that if a skill was recently taught by way of a vocal verbal (echoic) prompt, that 

transferring control from vocal verbal prompts with point to point correspondence and formal 

similarity to the response (echoic) to vocal verbal stimuli without point to point correspondence 

(intraverbal) may be more efficient than the use of nonverbal or textual stimuli for teaching 

another skill. It may also be the case that even if an echoic prompt has immediate efficiency, that 

a generally strong textual repertoire may influence teaching efficiency over time. Participants’ 

ABLLS-R assessments suggest that each had variable tact, vocal imitation (echoic) and reading 

(textual) repertoires. While these data help to give an overall picture of the participants’ 

preexperimental verbal repertoires, it is not conclusive in predicting prompt format efficiency. 

Research that investigates prompt preference or potential efficiency by way of a predictive 

assessment could offer benefits to clinicians deciding on prompt type.  

Future research might also focus on extending the length of responses and variations in 

the number of stimulus sets taught concurrently. In this study, experimenters required 

participants to emit only one-word responses. It is possible that if longer responses were 
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required, experimenters might have seen more separation between the fluency and nonfluency 

conditions. Additionally, our stimulus sets included only one question from each condition. 

Targeting larger sets of questions from each condition may precipitate different results. 

Despite the limitations to the current study, the implications for research and teaching are 

numerous. In terms of teaching, our procedures produced errorless learning with the exception of 

Orville who made errors in articulation likely due to his diagnosis of Apraxia. Wilbur and 

Amelia, on the other hand, did not make any errors. Amelia even commented, “this is easy!” All 

three participants maintained a favorable affect through the transfer of stimulus control phase, 

also a common artifact of errorless learning (Goldsmith, LeBlanc, & Sautter, 2007; Green, 2001; 

Luciano, 1986). 

The verbal stimuli targeted in this study were set up in question frames (i.e., What do you 

___with?). Sundberg and Sundberg (2011) highlight children with autism’s tendency to focus on 

sameness and routine as a hindrance in their ability to adopt more complex intraverbal relations. 

Selecting a frame that limits the number of conditional discriminations may act as a cusp 

(Rosales-Ruiz & Bear, 1997) to novel, vocal verbal stimuli. Future studies may want to limit the 

number of conditional discriminations but use a general case strategy (Stokes & Bear, 1977) for 

question frames (e.g., What do you _____ with? What do you _____ on? What do you ______ 

from?) to determine the effects on generalization and application of larger intraverbal repertoires. 

Certain frames may promote more reinforcement from participants’ communities and extend the 

communication of that child past the relations that are explicitly taught. 

This study extends the research in precision teaching and in establishing intraverbal 

relations in several ways. First, limiting the number of conditional discriminations in the verbal 

stimulus sets allows for a clearer analysis of the role of textual component skill fluency for 
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transfer of stimulus control to promote intraverbal relations. Moreover, the inclusion of 

application probes allowed us to measure the impact of component skill fluency-based 

instruction on the emergence of untrained responses. Teaching textual repertoires to fluency does 

not seem to lead to noteworthy emergence of untrained skills. Rather, the use of the question 

frame appears to be more influential in generating untrained relations.  

In conclusion, this study extends previous research on the acquisition of intraverbal 

relations (Vedora et al., 2009; Emmick et al., 2010). The use of textual prompts and an errorless 

time-delay transfer of stimulus control procedure (Goldsmith et al., 2007; Green, 2001; Luciano, 

1986) were effective strategies for teaching intraverbal responses. The current study also 

assesses maintenance, generalization, and application. Results of these probes indicate that 

students were able to maintain the majority of questions over one month as well as apply the 

general intraverbal frame to a few novel, vocal verbal stimuli.  
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Table 1 

Glossary of Terms 

Term Definition 

Application “The combination of component behaviors to a composite 
behavior” (Kubina, Morrison, & Lee, 2002, p. 238) 

Endurance 
“Ability to perform a behavior over significant periods of 
environmental distraction without performance decrement” (Binder, 
1996, p. 175) 

Fluency “Fluid combination of accuracy plus speed that characterizes 
competent performance” (Binder, 1996, p. 164) 

Generalization 
“Occurrence of behavior under different, nontraining conditions 
(i.e., across subjects, settings, people, behaviors, and/or time)” 
(Stokes & Baer, 1977, p. 350). 

Maintenance 

“The relation between a behavior’s frequency at two points in time, 
between which the individual has an opportunity to emit the 
behavior to produce reinforcement in the natural environment.” 
(Binder, 1996, p. 164) 

Retention 
“The relation between behavior frequencies at two points in time, 
between which the individual has had no opportunity to emit the 
behavior.” (Binder, 1996, p. 164) 

 

Table 2 
 
Targeted Intraverbal Sets 
 

Participant Fluency Intraverbal Sets Nonfluency Intraverbal Sets 

Wilbur 
What do you think with? 
What do you feel with? 
What do you eat with? 

What do you drink with? 
What do you eat with? 
What do you dry with? 

Orville 

What do you feel with? 
What do you wash with? 
What do you take a picture with? 
What do you taste with? 
What do you kiss with? 

What do you eat with? 
What do you bang with? 
What do you dig with? 
What do you sweep with? 
What do you dry with? 

Amelia 

What do you wash with? 
What do you taste with? 
What do you think with? 
What do you chew with? 
What do you hear with? 

What do you cut with? 
What do you bang with? 
What do you write with? 
What do you dig with? 
What do you type with? 
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Table 3 
 
Pre-Transfer of Stimulus Control Application Probes 
 
Participant Fluency Intraverbal Set Participant 

Responses 
Nonfluency Intraverbal 
Set 

Participant 
Responses 

Wilbur What do you feel with? 
What do you think with? 
What do you eat with? 
What do you smell with? 
What do you write with? 
What do you chew with?  
 
 
 

No response 
Swing 
Grandma 
Nose 
Pencil 
Teeth  
 

What do you drink with? 
What do you dry with? 
What do you cook with? 
What do you wash with? 
What do you measure 
with? 
What do you sweep 
with? 
 

Juice 
Hands 
Grandma 
Hands 
Tape 
 
Broom  
 

Orville What do you feel with? 
What do you wash with? 
What do you take a picture 
with? 
What do you taste with? 
What do you think with? 
What do you kiss with? 
What do you chew with? 

Echo 
Echo 
Echo 
 
Echo 
Echo 
Echo 
Teeth 

What do you cook with? 
What do you eat with? 
What do you bang with? 
What do you dig with? 
What do you sweep with? 
What do you dry with? 
What do you write with? 

Echo 
Mouth 
Echo 
Echo 
Echo 
 
Echo 
Pencil 
 
 

Amelia What do you wash with? 
What do you taste with? 
What do you think with? 
What do you chew with? 
What do you hear with? 
What do you feel with? 
What do you dry with? 
What do you smell with? 

Hands 
Pineapple 
IDK 
Bubble gum 
Song 
IDK 
Towel 
Nose 

What do you type with? 
What do you dig with? 
What do you write with? 
What do you bang with? 
What do you cut with? 
What do you cook with? 
What do you eat with? 
What do you sweep 
with? 

Paper 
Hole 
Paper 
IDK 
Paper 
Egg 
Strawberry 
Broom 

Note. Bolded question sets were answered correctly prior to teaching. IDK = “I don’t know.” 
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Table 4 
 
Post-Transfer of Stimulus Control Application Probes 
 
Participant Application Sets Responses 
Wilbur What do you taste with? 

What do you take a picture with? 
What do you kiss with? 

No response 
Camera 
Lips 
 

Orville What do you kick with? 
What do you cut with? 
What do you drink with?  

Soccer ball 
Scissors 
Cup 
 

Amelia What do you catch with? 
What do you stir with? 
What do you play with? 

Ball 
Soup 
Toys 

Note. Bolded question sets were answered correctly without any direct teaching. 
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Figure 1. Fluency building graphs for Wilbur. 
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Figure 2. Fluency building graphs for Orville. 

 

  



  

25    

 

Figure 3. Fluency building graphs for Amelia. 
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Figure 4. Teaching trials to criterion for Wilbur. 
 
 

  
Figure 5. Teaching trials to criterion for Orville. 
 



  

27    

 
Figure 6. Teaching trials to criterion for Amelia. 
 
 

 
Figure 7. Maintenance and generalization probes for Wilbur. 
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Figure 8. Maintenance and generalization probes for Orville. 

 

 

Figure 9. Maintenance and generalization probes for Amelia. 
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APPENDIX A 

RECRUITMENT FLYER
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Recruitment Flyer 
 
Examining the Effects of Educational Techniques Based on the Principles of Behavior Analysis 

on Acquisition, Fluency, 
& Generalization of Academic, Daily Living, or Communication Skills for Individuals with 

Developmental Disabilities 
 

Research conducted by Dr. Traci Cihon, BCBA-D from the University of North Texas 
Department of Behavior Analysis, in collaboration with Easter Seals North Texas 

 
Purpose: To explore behavior analytic strategies to help your child learn new things or improve 
how s/he performs the skills s/he already knows. We are interested in helping your child to learn 
new things faster and to do them more often. Some of the things might teach your son/daughter 
include talking or communicating with others, reading and comprehending what s/he reads, 
completing math problems, or improving his/her independence with self-help skills such as 
dressing or grooming. 
 
Participant Requirements: In order to participate, your child must be between the ages of 1 and 
17 years old and be diagnosed with a developmental disability. 
 
General Procedures: First, we will ask your child’s teachers to tell us a little bit about your 
child. They might tell us some of the things your child likes, what you child is good at, and what 
your child needs more help to learn. Your child will be asked to complete some short activities to 
help us to identify what s/he likes and what s/he can already do. Based on what we find out about 
your child’s needs, we will devise an individualized teaching strategy based on the principles of 
behavior analysis to teach your child new things or expand what s/he already knows. We will 
always use the things your child likes as rewards for learning new skills or for participating in 
the study. The study will generally last between 3 and 8 weeks and each session will typically 
last no longer than 20 minutes.   
 
Benefits: We expect the project to benefit your child by helping him/her to access to preferred 
items and activities (after asking for them), to earn better grades in school, to make more friends, 
or to learn new things. We will also share our findings with your child’s school personnel in 
order to help them to select the best teaching strategies for your child. 
 
Additional Information: There will be no compensation for your child’s participation. Sessions 
will be conducted at your child’s school during his/her typical school day. It is important to note 
that while data will be collected on the interventions described above for research purposes, none 
of the interventions evaluated would be outside of the realm of those typically used in the 
development of behavioral programs to teach your child new things. 
 
If you are interested in letting your son/daughter participate, please contact the primary 
investigator: Dr. Traci Cihon, BCBA-D at (940)-565-3318 or traci.cihon@unt.edu for more 
information.  

mailto:traci.cihon@unt.edu
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APPENDIX B 

INFORMED CONSENT FORM
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University of North Texas Institutional Review Board 

Informed Consent Form  

Before agreeing to your child’s participation in this research study, it is important that you read 

and understand the following explanation of the purpose, benefits and risks of the study 

and how it will be conducted. 

Title of Study: Examining the Effects of Educational Techniques Based on the Principles of 

Behavior Analysis on Acquisition, Fluency, & Generalization of Academic, Daily Living, 

or Communication Skills for Individuals with Developmental Disabilities 

Principal Investigator:  Dr. Traci M. Cihon, BCBA-D, University of North Texas (UNT), 

Department of Behavior Analysis.  

Purpose of the Study: You are being asked to allow your child to participate in a research study 

that involves the exploration of behavior analytic strategies to help your child learn new 

things or improve how s/he performs the skills s/he already knows. We are interested in 

helping your child to learn new things faster and to do them more often. Some of the 

things might teach your son/daughter include talking or communicating with others, 

reading and comprehending what s/he reads, completing math problems, or improving 

his/her independence with self-help skills such as dressing or grooming. 

Study Procedures: First, we will ask your child’s teachers to tell us a little bit about your child. 

They might tell us some of the things your child likes, what you child is good at, and 

what your child needs more help to learn. Your child will be asked to complete some 

short activities to help us to identify what s/he likes and what s/he can already do. Based 

on what we find out about your child’s needs, we will devise an individualized teaching 
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strategy based on the principles of behavior analysis to teach your child new things or 

expand what s/he already knows. For example, if you child is really good at asking for 

things s/he wants, but is not very good at answering questions, we might help them to 

answer questions about things s/he likes. If you child is good at getting dressed, but it 

takes them a long time to get dressed, we might teach them how to get dressed faster. We 

will always used the things your child likes as rewards for learning new skills or for 

participating in the study. We will record the number of things your child does correctly 

and incorrectly, what types of help your child needs to complete certain tasks, and how 

long it takes your child to do these tasks. The study will generally last between 3 and 8 

weeks and each session will typically last no longer than 20 minutes.    

Foreseeable Risks: The potential risks involved in this study are minimal. The procedures may 

increase your child’s stress or frustration due to a change in his/her daily routine or schedule. 

However, the primary investigator will try to minimize these risks by learning about the things 

your child likes and letting your child earn these things during the experiment. In addition, the 

experimenter will provide lots of praise statements during the experiment. The primary 

investigator understands that sometimes children who are not good at communicating with their 

words might engage in problem behavior. If you child engages in problem behavior during an 

experimental session, the primary investigator will immediately contact you to discuss how we 

might address the problem behavior and to determine if you still want your child to participate in 

the study. 

Benefits to the Subjects or Others: We expect the project to benefit your child by helping 

him/her to access to preferred items and activities (after asking for them), to earn better grades in 
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school, to make more friends, or to learn new things. We will also share our findings with your 

child’s school personnel in order to help them to select the best teaching strategies for your child. 

Compensation for Participants: Your child will not receive any payment or compensation for 

participating in the study.  

Procedures for Maintaining Confidentiality of Research Records: Data will be safely stored 

up to 3 years after the study has been completed (at which point it will be destroyed). The 

confidentiality of your child’s individual information will be maintained in any publications or 

presentations regarding this study.  

Questions about the Study: If you have any questions about the study, you may 

contact Dr. Traci M. Cihon, BCBA-D at (940) 565-3318 or 

traci.cihon@unt.edu.  

Review for the Protection of Participants: This research study has been 

reviewed and approved by the UNT Institutional Review Board (IRB).  

The UNT IRB can be contacted at (940) 565-3940 with any questions 

regarding the rights of research subjects.  

Research Participants’ Rights: Your signature below indicates that you have 

read or have had read to you all of the above and that you confirm all of 

the following:  

• Dr. Traci M. Cihon, BCBA-D has explained the study to you and 

answered all of your questions.  You have been told the possible benefits 

and the potential risks and/or discomforts of the study.  
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• You understand that you do not have to allow your child to take part in 

this study, and your refusal to allow your child to participate or your 

decision to withdraw him/her from the study will involve no penalty or 

loss of rights or benefits.  The study personnel may choose to stop your 

child’s participation at any time.  

• You understand why the study is being conducted and how it will be 

performed.   

• You understand your rights as the parent/guardian of a research participant 

and you voluntarily consent to your child’s participation in this study.   

• You have been told you will receive a copy of this form. 

________________________________                                                             

Printed Name of Parent or Guardian                                      

________________________________                                            Signature of 

Parent or Guardian                                      

________________________________ 

Date 

For the Principal Investigator or Designee: I certify that I have reviewed the 

contents of this form with the parent or guardian signing above.  I have 

explained the possible benefits and the potential risks and/or discomforts 

of the study.  It is my opinion that the parent or guardian understood the 

explanation.   
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______________________________________                                 Signature of 

Principal Investigator or Designee                      

_______  

Date 
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Minor Assent Form  

Hi, my name is Traci and I am a college teacher at The University of North Texas in the 

Department of Behavior Analysis. I also help kids like you learn new things like talking more, 

reading better, and managing how you can control your own behavior. You are being asked to be 

part of a research project we are doing. We are going to try some things to help you improve in 

(specific area). These are things that we might have tried to teach you other things and we found 

that they worked really well. We would like to try them again and see if they help you learn new 

things. Each time we meet, it won’t last for longer than 20 minutes 

 

At any time, you may ask to stop and not try this way any more.  If you do decide to stop 

at any time, nothing bad will happen to you and no one will be mad at you. 

If you would like to be part of this study, please sign your name below.   

__________________________                                                                                              

Printed Name of Child 

__________________________                                _______________                                                   

Signature of Child       Date  

__________________________                                _______________                                             

Signature of Principal Investigator                              Date  
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APPENDIX C 

EXAMPLE OF STIMULI
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Stimuli Set 3: Amelia 

ears Soap Towel Brain tongue nose Teeth fingers 

nose Towel Teeth Tongue fingers soap Ears brain 

brain Nose Ears Soap tongue fingers Teeth towel 

soap Fingers Nose Towel ears tongue Brain teeth 

teeth Ears Fingers Brain towel soap tongue nose 

towel Teeth Ears Fingers nose brain Soap tongue 

ears Brain Teeth Tongue fingers nose towel soap 

soap Towel Brain Teeth ears fingers Nose tongue 

nose Fingers Ears Brain teeth soap tongue towel 

fingers Soap Teeth Nose tongue ears towel brain 

teeth Ears Brain Tongue fingers towel Nose soap 

ears Brain Tongue Soap towel nose fingers teeth 

brain Tongue Soap Towel teeth fingers Ears nose 

fingers Soap Towel Nose tongue brain Teeth ears 

ears Towel Tongue Fingers soap nose Brain teeth 

towel Nose Fingers Ears teeth brain tongue soap 

brain Tongue Teeth Soap ears nose fingers towel 
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APPENDIX D 

DATASHEETS & TREATMENT INTEGRITY SHEETS
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Intraverbal Sets 

Question Answer Resp. Question Answer Resp. 

What do you eat with? Fork  What do you wipe with? Tissue  

What do you drive with? Car  What do you write with? Pencil  

What do you take a picture 
with? 

Camera  What do you drink with? Cup  

What do you play with? Toy  What do you read with? Book  

What do you color with? Crayon  What do you cut with? Scissors  

What do you see with? Eyes  What do you smell with? Nose  

What do you hear with? Ears  What do you taste with? Tongue  

What do you build with? Blocks  What do you bang with? Hammer  

What do you feel with? Fingers  What do you paint with? Brush  

What do you think with? Brain  What do you chew with? Teeth  

What do you cook with? Oven  What do you stomp with? Feet  

What do you clap with? Hands  What do you wash with? Soap  

What do you dry with? Towel  What do you smile with? Mouth  

What do you cook with? Food  What do you dig with? Shovel  

What do you sweep with? Broom  What do you stir with? Spoon  

What do you reach with? Arm  What do you measure with? Ruler  

Child Initials: ________       Experimenter: 
______________ 
Date: _______________  
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Cihon, Shrontz, & Gesick (2010)  
The Effects of Textual Fluency  
 
Child: ___________________    Study 
Phase:_____________________ 
Instructor: _________ ______    Observer (IOA): ______________-
_____ 
 
Date 
 

Time Timing 
# 

Intraverbal 
Page # 

Corrects Approximations Incorrects Duration 
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Observer: ____________          Treatment Integrity Checklist: Probes                       Date: _______________ 
Experimenter: _________                                                Participant: __________ 
 
 
Instructions:  
Mark a (   ) for correct, (-) for incorrect, or (n) if step is not applicable 
 
Setup: 

1. Experimenter identifies a preferred item/activity that the participant wants to work toward. 
2. Experimenter repeats steps 3-6 until all intraverbal sets are run three times each. 
3. Experimenter asks question in accordance with a sheet of randomized questions.   
4. Experimenter begins a timer and allows the participants up to 3 s to respond. 
5. Experimenter provides the preferred item independent of the participant’s response, but       
dependent on compliant behavior such as sitting and looking. 
6. Experimenter records responses on datasheet. 
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Observer: __________            Treatment Integrity Checklist: Fluency Building                  Date: 
__________ 
Experimenter: ______  Participant: ________ 
 
 
Instructions:  
Mark a (   ) for correct, (-) for incorrect, or (n) if step is not applicable 
Setup: 

1. Experimenter identifies a preferred item/activity that the participant wants to work 
toward. 
2. The participant is given a choice of what stimuli set s/he would like to work from. 
3.  Experimenter ensures that choice do not include arrays that have been chosen on the 
last two consecutive timings.  

Priming: 
3. Experimenter selects up to 3 items that the learner is missing or having trouble 
pronouncing. 
4. Experimenter models the word for the participant to echo. 
Timings: 
5. Show participant on stimulus array what word s/he needs to get to in order to achieve 
his/her goal while also telling him/her how many correct words s/he needs to achieve 
his/her goal. 
6. Instruction is given: “Let’s read fast; Ready, Set, Go!” 
7. Experimenter begins timer for 30 s when learner emits first response.  
8. If learner hesitates or stops responding for more than 2 s the experimenter gives the 
instruction “keep going”.  
9. When 30 s is completed the experimenter emits a praise statement. 
13. Experimenter records responses on datasheet. 
10. If learner has tied or gotten a higher score compared to his/her previous session the 
experimenter provides the preferred item/activity, praise, and the session is ended. 
11. Experimenter will run up to three 30-s timings or until the learner emits a higher 
score than the previous session. 
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Observer: ____________                               Treatment Integrity Checklist:                Date: __________ 
Experimenter: ________                      Transfer of Stimulus Control by Time Delay              
Participant: __________ 
 
Instructions:  Mark a (   ) for correct, (-) for incorrect, or (n/a) if step is not applicable 
 
Setup: 

1. Experimenter identifies a preferred item/activity that the 
participant wants to work toward. 
2. Experimenter selects the correct fading procedure consistent with 
previous session. 

Timings: 
3. Experimenter says the selected question. 

 
 

4. Experimenter starts the timer for designated seconds after the verbal stimulus is emitted. 
 
 

5.  Experimenter shows the index card with the corresponding answer according to the current 
time delay step. 

 
 

6. If the participant fails to respond correctly within the designated seconds of the textual prompt 
delivery, the experimenter records the response as incorrect.  

 
 

7. If the participant responds correctly within 3 s of the presentation of the verbal stimulus or the 
textual prompt, the experimenter provides the preferred item/activity and records a correct 
response. 

 
 

8. If the participant responds correctly 3 consecutive times the session is terminated. 
 
9. If the participant does not get 3 consecutive corrects the experimenter ends session after 10 
trials. 
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10. Experimenter records each response on datasheet. 
 
 

Time- Delay 
Level  (write 

answer of 
question) 

Trial 
1 

Trial 
2 

Trial 
3 

Trial 
4 

Trial 
5 

Trial 
6 

Trial 
7 

Trial 
8 

Trial 
9 

Trial 
10 

1 s: NF 
_________           

1 s: F    
_________           

2 s: NF 
_________           

2 s: F    
_________           

3 s: NF 
_________           

3 s: F    
_________           

4 s: NF 
_________           

4 s: F    
_________           

5 s: NF 
_________           

5 s: F    
_________           

*NF = Nonluency Question Set; F = Fluency Question Set 
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APPENDIX E 

SOCIAL VALIDITY QUESTIONNAIRE
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Social Validity Questionnaire 
for Parents/Guardians/School Personnel 

  
Examining the Effects of Educational Techniques Based on the Principles of Behavior Analysis 
on Acquisition, Fluency, & Generalization of Academic, Daily Living, or Communication Skills 

for Individuals with Autism 
  
1.  Is your student/child doing different things after participating in this study?  If so, what things 
have you noticed him/her doing that s/he wasn’t doing before? 
  
  
2. Do you think that the things your child/student is doing now are helping them to navigate their 
day to day activities? If so, in what ways? 
  
  
3. Do you think that the things your child/student is doing now are impacting your interactions 
with your child/student? If so, in what ways? 
  
  
4.  Do you think that the things your child/student is doing now are impacting you or your 
child’s/student’s interactions with other members of your family/peers, etc.? If so, in what ways? 
  
  
5.  Was the time required to complete the study justified in terms of what your student/child has 
gained from participating? 
  
  
6. Will you continue the procedures used in the study now that the study is over? Why or why 
not? 
  
  
7.  Do you feel as if the methods used during the study were appropriate for your child/student? 
If not, what you would suggest is changed in future studies? 
  
  
8.    Would you let your student/child participate in a similar study in the future? 
  
  
9.    Any other comments/suggestions? 
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