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Abstract 

The current study investigated the effects of a computer-assisted frequency-building 

intervention to increase fluency with letter-sound correspondences.  A multiple probe design 

across stimulus sets was employed with four children with Autism Spectrum Disorder (ASD) 

to evaluate the outcomes of intervention.  Pre-intervention measures of language ability, 

repetitive, and on-task behavior were recorded in order to assess how such participant 

characteristics may impact intervention effects.  Increases in the rate of correct letter-sound 

correspondences were found for all participants.  Measures of outcomes associated with 

fluency; namely, maintenance, endurance, stability, application, and generativity were also 

recorded.  Participants demonstrated the ability to maintain high rates of correct responding 

for all fluency outcomes at post-testing, with the exception of generativity.   
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Teaching Phonics to Preschool Children with Autism using Frequency-building and 

Computer-assisted Instruction 

Reading abilities are deficit in a disproportionate number of students with Autism 

Spectrum Disorders (ASD), with the majority failing to meet peer-level expectations in word 

recognition or comprehension (Brown, OramCardy, & Johnson, 2013; Davidson & Weismer, 

2013; Nation & Norbury, 2005; Norbury & Nation, 2011; Ricketts, Jones, Happé, & 

Charman, 2013).  Consequently, it is crucial that children with ASD are provided with 

reading instruction that is consistent with reading research and that encompasses all five 

recommended components of reading instruction; namely, phonemic awareness, phonics, 

fluency, vocabulary, and comprehension (Whalon, Al  Ofaiba, & Delano, 2009).  Phonics 

instruction involves systematically teaching letter-sound correspondences (Harris & Hodges, 

1995) and was described as essential for beginner readers by the National Reading Panel 

(NRP; 2000).  Such instruction has been found to benefit decoding, word reading, 

comprehension, and spelling for many; make a bigger contribution to children’s growth in 

reading than alternative programs providing unsystematic or no phonics instruction; and to 

have the biggest impact on growth in reading when instruction begins in kindergarten or 1st 

grade (Ehri, Nunes, Stahl, & Willows, 2001).   

A number of researchers report that children with ASD can develop apparently similar 

word recognition skills to those seen in typically developing children (Frith, & Snowling, 

1983; Welsh, Pennington, & Rogers, 1987) including the development of some letter-name 

knowledge (Calhoon, 2001), and that phonics instruction may prove beneficial to children 

with ASD (Calhoon, 2001; Whalon et al., 2009).  In a review of the literature on reading 

instruction, Whalon et al., (2009) found that, for interventions focused on phonics instruction, 

children with ASD could develop phonics skills regardless of IQ scores.  However, they 

noted that only a small number of studies had targeted phonics instruction.  Similarly, 
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Browder, Wakeman, Spooner, Ahlgrim-Delzell, and Algozzinexya (2006) reviewed the 

literature on teaching reading to individuals with cognitive disabilities, including ASD, and 

found that there was an insufficient number of studies focused on phonics to meet the criteria 

for evidence-based practice.  The findings of both reviews demonstrate a necessity for 

continued research investigating effective instructional approaches to facilitate phonics skills 

acquisition amongst children with ASD. 

Fluency has also been identified as one of the five essential components of reading 

instruction (NRP, 2000).  Oral reading fluency is the rate at which readers accurately 

recognise individual words within a connected text (Burns et al., 2011) and consists of speed, 

accuracy, and proper expression or prosody (Begeny et al., 2009; Heikkilä, Aro, Närhi, 

Westerholm, & Ahonen, 2013; Silber & Martens, 2010).  Numerous studies have found 

significant correlations between proficiency in oral reading fluency and reading 

comprehension (Burns et al., 2011; Fuchs, Fuchs, Hosp, & Jenkins, 2001).  Fluency with 

letter-sound correspondences and blending letter sounds have been found to predict later oral 

reading fluency (Harn, Stoolmiller, & Chard, 2008; Ritchey & Speece, 2006).  Such findings 

indicate the benefits of teaching early literacy skills to a fluency criterion to facilitate 

generalization to more complex skills (e.g., word reading, comprehension).     

Duhon, House, Poncy, Hastings, and McClurg (2010) evaluated the effects of 

increasing fluency with letter-sound correspondences on letter sound blending with three 

participants in first grade.  Participants demonstrated only minor levels of unprogrammed 

generalization to letter sound blending.  However, for two of the three participants, 

generalization occurred after providing only a cue to generalize, in the absence of instruction 

on blending.  The authors suggest that the skills necessary for blending may have been 

present prior to intervention, so that training letter sound correspondence to fluency 

combined with cueing was effective and sufficient to allow for more advanced blending 
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behaviors.  They further add that teaching to a fluency threshold may be a way of promoting 

generalization of targeted skills.   

The potential benefits of teaching academic skills to a fluency criterion of mastery 

have been well documented in the literature.  Outcomes associated with teaching skills to 

fluency have been defined as Maintenance, Endurance, Stability, Application and 

Generativity – Performance Standards (MESAG-PS; Johnson & Street, 2013).  Maintenance 

is the ability to perform a task in the future, on demand, without additional practice; 

Endurance is the ability to meet real world requirements for how long a behavior should be 

performed; Stability is the ability to perform a skill amidst distractions; Application is the 

ability to use skills a different contexts than which they were taught (e.g., performing a skill 

using different materials); and Generativity describes situations in which students can 

respond to novel situations by blending and combining already mastered skills without prior 

training (Johnson & Street, 2013).  With respect to letter sound correspondence, generativity 

may include the ability to blend letter sounds, without explicit instruction, after practicing 

letter sound correspondence to a fluency criterion of mastery. 

Fluency-based instruction has demonstrated positive outcomes to date with typically 

developing children (Duhon et al., 2010; Martens, Werder, Hier & Koenig, 2013; McTiernan, 

Holloway, Healy & Hogan, 2016).  This approach; however, has limited empirical support to 

date with regards to its application with learners with ASD (Heinicke, Carr, LeBlanc & 

Severtson, 2010).  Heinicke et al., (2010) recommend that researchers evaluate fluency 

approaches empirically, and investigate if this approach produces outcomes (e.g., retention, 

efficiency) equal or superior to those of traditional instructional approaches.  A small number 

of evaluations to date have investigated fluency-based instruction and discrete trial 

instruction to teach academics skills to children with autism (Holding, Bray, & Kehle, 2011; 

Nopprapun & Holloway, 2014) and demonstrated that fluency-based instruction was 
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beneficial for the majority of participants.  To date, there is insufficient literature to extract a 

conclusive decision on its effectiveness as an approach, or to answer questions regarding the 

parameters of its clinical implementation (Heinicke et al., 2010).   

 An additional area of instructional design identified as potentially beneficial for 

learners with ASD is computer-assisted instruction (CAI).  CAI has been described as the use 

of technology to present learning materials and/or check learners’ knowledge (Anohina, 

2005).  CAI may serve to minimize the social deficits associated with learners with ASD 

since complexities of social contexts and student-teacher interactions can be reduced 

(Pennington, 2010; Ramdoss et al., 2011).  The approach likely addresses difficulties in 

instruction due to impairments in communication (Pennington, 2010) given the visual 

representation of instructional stimuli to which learners with ASD often respond preferably 

(Ramdoss et al., 2011).  This interaction associated with CAI has been suggested to be 

potentially reinforcing, with research demonstrating that learners with ASD emit fewer 

inappropriate behaviors during CAI instruction (Chen & Bernard-Opitz, 1993).   

Specific to CAI for literacy skills, several reviews have been conducted to ascertain 

its effectiveness with learners with ASD, the results of which conclude that the body of 

research in this area is promising yet limited, with too little research conducted to meet 

criteria for evidence-based practice (Pennington, 2010).  Ramdoss et al. (2011) reported that 

while some studies demonstrated large effect sizes, others found no improvements, 

concluding that intervention effects using CAI are inconsistent.  The authors suggest that the 

heterogeneity of participants and wide array of literacy skills targeted creates difficulties in 

ascertaining the variables most likely to be associated with effective CAI.  Whalon et al., 

(2009) suggest that the evidence for CAI is as yet insufficient to recommend as a sole 

instructional mode but suggest that it can support or enhance the learning of children with 
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ASD and that further research is necessary on whether or not CAI can supplement a 

comprehensive reading program.   

Purpose of the Present Study 

 The current study evaluated a fluency-based instructional approach using CAI to 

teach phonics, specifically letter-sound correspondence, to four learners with a diagnosis of 

ASD.  Specifically, frequency-building was implemented using an iPad and PowerPoint 

presentation.  Frequency-building is the timed repetition of selected behavior followed by 

performance feedback (Kubina & Yurich, 2012).  A multiple baseline design across stimulus 

sets was employed to evaluate effects of the intervention on rate of correct responses (i.e., 

correct letter sound spoken in response to letters presented).  Given the purported outcomes 

associated with achieving fluency (i.e., MESAG), post-intervention probes were recorded for 

each participant to evaluate maintenance, endurance, stability, and application.  In order to 

evaluate generativity, participants’ ability to blend letter sounds was measured at both pre- 

and post-intervention using letter sounds that were targeted during intervention.  If 

participants did not automatically blend letters-sounds which were targeted during 

intervention, an additional phase was implemented during which frequency-building was 

again used to teach the skill of blending.  This was implemented in order to ascertain the rate 

at which participants may acquire the skill once single letter-sound correspondences were 

mastered.  

Method 

Participants and Setting 

Four participants were included in the current study, three male and one female, 

between the ages of 3 years and 8 months to 4 years and 1 month.  All participants had a 

diagnosis of Autism Spectrum Disorder (ASD) as defined by the American Psychiatric 
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Association’s Diagnostic and Statistical Manual of Mental Disorders (APA, 2013; DSM-5). 

In addition to being of preschool age and diagnostic criteria, participants were selected based 

on their ability to engage in vocal imitation at the single word level, as this was the learning 

channel (i.e. hear/say) used during the teaching sessions. The participants attended the same 

autism specific pre-school in Ireland and received an education through applied behavior 

analysis.  

Whalon et al., (2009) propose that, in order to understand how individuals with such 

diverse characteristics spanning the autism spectrum benefit from reading instruction, 

researchers should include detailed descriptions of participant characteristics (e.g., language 

ability).  Prior to intervention, all participants received the following assessments: the 

Preschool Language Scale, 4th  Edition (PLS– 4; Zimmerman, Steiner, & Pond, 2002) to 

assess receptive and expressive language ability, the Repetitive Behavior Scale – Revised 

(RBS-R; Bodfish, Symons, Parker, & Lewis, 2000) to assess severity of repetitive behavior 

and the Behavioral Observation of Students in School (BOSS; Shapiro, 2013) on each 

participant engaging in a similar mastered skill to assess percentage of on-task behavior. 

These assessments were conducted in the current study in order to consider the effects the 

intervention within the context of individual participant characteristics related to language 

ability, repetitive behavior, and on-task behavior and to add to the literature on who may 

benefit most from such an instructional approach.  Table 1. shows scores for all participants 

on each assessment prior to intervention. 

Preschool Language Scale, fourth Edition (PLS-4).  This is a 130-item 

standardized test of language that consists of two subscales that assess auditory 

comprehension (AC) and expressive communication (EC) skills. The AC subscale assesses 

skills such as attention to speakers, object play, comprehension of basic vocabulary, response 

to grammatical markers, identification of rhyming words, and ability to make comparisons. 
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The EC subscale assesses skills including object naming, object description, expression of 

quantity and the use of grammatical markers. There are a total of 62 AC and 68 EC items 

assessed. The PLS-4 yields norm-referenced test scores (standard scores, percentile ranks, 

and an age equivalent) for both subscales, as well as a total language (TL) score. These scores 

are available at 3-month intervals from birth to 11 months, and at 6-month intervals for ages 

1 year to 6 years, 5 months. Test–retest reliability for the PLS- 4 has been reported as ranging 

between .82 and .95 for the subscale (AC and EC) scores and between .90 and .97 for the 

total (TL) scale score, while internal reliability has been reported as ranging from .66 to .96 

(Zimmermann et al. 2002). In addition, the test has been validated with typically developing 

children as well as children previously identified as having a variety of disorders, including 

language deficits, developmental delay, and autism. The current study implemented the full 

130-item test.  Table 1. provides age equivalent test scores for each participant on both 

auditory comprehension and expressive communication skills.  

Repetitive Behavior Scale ï Revised.  The RBS-R is an informant-based 

questionnaire that assesses 43 discrete types of repetitive behaviors across 6 subscales (i.e., 

stereotypy, self-injurious behavior, compulsions, rituals, sameness and restricted interests). It 

is intended to capture individual differences across a broad range of repetitive behaviors.  

Scores for each item on the measure range from 0 (behavior does not occur) to 3 (behavior 

occurs and is severe). The score received is reported as a percentage, with a score of 0% 

showing no signs of repetitive behaviors on an ascending scale whereby repetitive behaviors 

are more notable.  In the current study, a parent of each participant completed the 

questionnaire.  Table 1. shows the scores received by each participant on the RBS-R 

questionnaire.   

Behavioral Observation of Students in School.   The BOSS (Shapiro, 2004) is a 

measurement system which is used to assess on-task behavior of students in school. 
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Momentary-time sampling is used while directly observing students in order to ascertain the 

percentage of time spent on-task during the observation period.  In the current study, this 

measure was used while observing participants’ completing a mastered skill to evaluate their 

ability to maintain on-task behavior.  Momentary-time sampling with 10 second intervals was 

used to measure the percentage of intervals during which participants were observed to be on-

task over a five-minute observation period.  The BOSSTM app was used on a Samsung S-5TM 

to record this data.  This consists of interactive buttons labelled ‘on task’ behavior which the 

observer can touch at the appropriate intervals.  The software kept track of the number of 

times the button was touched during each observation and at the end of each observation 

period, calculated the percentage of intervals participants were observed to be on-task.  Table 

1. shows the percentage of on-task behavior for each participant during five minute 

observations.   

All sessions were run in a small, quiet, room adjacent to the children’s classroom 

within the school building. Prior to onset of the intervention, ethical approval was granted by 

the National University of Ireland Galway Ethics Committee. Informed consent was obtained 

from parents of each participant. The participants were assigned pseudo names to ensure 

confidentiality. 

Insert Table 1 about here 

Materials 

Three stimulus sets of three letters were used to teach letter-sound correspondences.  

The letters targeted were chosen using Jolly PhonicsTM, a phonics curriculum used in primary 

schools in Ireland to teach literacy through synthetic phonics, as a guide.  Sounds are taught 

in a specific instructional sequence which is believed supports learners to build words as 

early as possible.  The first nine letter sounds usually taught using this curriculum were 
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divided into three stimulus sets; namely, SAT in Set 1, IPN in Set 2, and CEH in Set 3.  The 

letters were presented on a single slide using Microsoft PowerPoint (Microsoft Corp., 

Redmond, WA) software. Each letter was lowercase 160 pt. Calibri font, and colored black 

against a background of white.  Participants viewed the PowerPoint (PPTX) stimulus sets on 

an iPadTM mini, which had a 203.2mm x 134.8mm LED screen. The stimulus sets were 

prepared in advance and included five different versions of the same stimulus set so that 

letters were presented in different sequences across timings.  This was to eliminate the 

possibility of rote learning the sequence of letter presentations.  The timer used was a basic 

Samsung S-5TM countdown timer set at a 30second interval. When the time elapsed, a 

ringtone alerted the student that the timing was complete.   

These slides were used for both baseline and intervention sessions, and for tests of 

endurance, maintenance, and stability.  To assess generativity, the presentation format was 

the same only the targets were changed to "ti", "na", "eh", sa", "pi" to test for participants’ 

ability to blend these sounds. These sound blends represented a presentation of CV and VC 

combinations from the letter sounds taught in the training phase.  Flashcards with the same 

letter sounds were printed on individual, laminated cards (3 x 5inces) to assess application.  A 

token economy was used to provide reinforcement during intervention.  This was the same 

for all participants and consisted of a laminated white token board (15cm x 5cm) with 

allocated spaces for three tokens and a picture of an item which participants had chosen to 

earn.   

Experimental Design 

The study employed a multiple probe design (Kazdin, 2011) across stimulus sets, to 

evaluate the effects of the fluency-based intervention on rate of correct letter-sound 

correspondences.  Rate of correct letter-sound correspondences was defined as the accurate 
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vocal production of the letter sound up to three seconds after letter presentation. If the 

participant self-corrected within the three seconds it was considered a correct response. If the 

participant did not respond within three seconds, it was recorded as an incorrect response. 

Each stimulus set was introduced sequentially upon reaching the frequency aim for the 

preceding set. 

Multiple baseline probes. Baseline probes were conducted prior to the onset of 

intervention.  Once a stable baseline was recorded for each participant on stimulus Set 1, the 

intervention was initiated. A minimum of three baseline probes were conducted on each 

stimulus set prior to any intervention. Additional probes were recorded on each stimulus set 

directly before instruction on the new stimulus set began.  Baseline probes began with the 

instruction “I am going to show you letters, you need to go as fast as you can, are you 

ready?”.  When the participant indicated that they were, by nodding or saying “yes”, the 

researcher started the slideshow (by tapping the iPadTM ) and timer, pointed to each letter on 

the screen and said “what sound is it?”.  No performance feedback was provided during 

baseline probes.  If there was no response within three seconds the PowerPoint presentation 

automatically advanced to the next letter and this was marked as incorrect. If the participants 

answered incorrectly, the researcher waited for the three seconds to elapse and the slide to 

advance and this was marked as incorrect. If the participant self-corrected within the three 

seconds this was marked as correct.  Each probe lasted 30 seconds, and when the timer 

signalled the end of the timing, the children were praised but no specific reinforcement or 

error correction was used.  In stimulus Set 1, three baseline probes were required before the 

intervention was introduced. Baseline probes for stimulus Sets 2 and 3 were conducted 

concurrently with the addition of a final baseline probe immediately prior to the introduction 

of the intervention to a stimulus set.  Once intervention began, timing and recording of rate of 
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correct letter-sound correspondences continued in the same manner; however, feedback was 

provided contingent on correct and incorrect responses. 

Fluency outcomes.  Post-intervention probes were conducted to evaluate fluency 

outcomes; namely maintenance, endurance, application, and stability.  Generativity was also 

assessed by evaluating participants’ ability to blend letter sounds both pre- and post-

intervention.   

Maintenance. To assess for skill maintenance, three probes were conducted for each 

participant, one for each stimulus set.  This was conducted following six to ten weeks of no 

practice, to evaluate if participants recorded high levels of correct responding.  The physical 

environment, materials, length of timings, reinforcement schedule, and level of distractibility 

were the same as those employed during the intervention phase. 

Endurance.  Endurance testing typically requires the timing to be three times longer 

than the terminal training session (Weiss, Pearson, & Pahl, 2010). Therefore, a 90 second 

timing was used to probe for skill endurance for letter sounds trained.  This was to assess if 

participants could maintain a high level of correct responding for longer durations of time.  

Endurance probes were conducted immediately after the final intervention training session on 

each set. Three endurance probes were conducted for each participant, one for each stimulus 

set. The physical environment, materials, reinforcement schedule, and level of distractibility 

were the same as those employed during the intervention phase.  

 Stability.  Stability testing usually involves the instructor changing the environment 

to ensure the learner can maintain a high rate of correct responding in the presence of 

distracting stimuli, for example, sounds, people, activities that are not present during 

instruction (Weiss et al.,  2010).  In the current study, stability probes were conducted 

immediately after the final intervention training session on each set.  Probes were conducted 
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in the participants’ classrooms during typical instructional time, with the presence of 

teachers, assistants, and other students serving as additional distracters. Three stability probes 

were conducted for each participant, one for each stimulus set. The materials, length of 

timing, and reinforcement schedule were held constant and were the same as those used 

during the intervention phase.  

Application.   Assessing application typically involves using novel, untrained 

materials (Weiss et al., 2010) to evaluate if participants can perform the target skill in 

different contexts.   Application probes were conducted immediately after the final 

intervention training session on each set. Three probes were conducted for each participant, 

one for each stimulus set, using flashcards with the same letters as which were targeted 

during intervention.  The probe began with “I am going to show you letters, you need to go as 

fast as you can, are you ready?”.  When the participant indicated that they were, by nodding 

or saying “yes”, the researcher signalled to the participant to start by saying “what sound is 

it?”.  The instructor then started the countdown timer set at a 30-second interval.  If the 

participant responded correctly within three seconds, the researcher presented the next card. 

If the participant responded incorrectly, the researcher provided no feedback and moved to 

the next flashcard.  If the participant did not respond, the researcher allowed three seconds to 

elapse before presenting the next flashcard, and recorded this as an incorrect response.  The 

physical environment, length of timings, level of distractibility, and reinforcement schedule 

were the same as those employed during the intervention phase. 

Generativity.  Generativity describes situations in which students can respond to 

novel situations by blending and combining already mastered skills without prior training 

(Johnson & Street, 2013).  In order to test for this outcome, pre- and post-intervention probes 

were conducted with each participant to assess their ability to blend letter sounds targeted 

during intervention, without instruction.  Specifically, the following consonant-vowel and 
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vowel consonant blends were assessed: ti, na, eh, sa, pi.  Probes were conducted for each 

participant at pre-and post-intervention and no feedback was provided.   Post-test probes were 

conducted within one week of the intervention session for each participant.  The probe was 

delivered using the same format as the intervention phase (i.e., CAI) with the exception of 

letter blends being presented as opposed to single letters.  The physical environment, length 

of timings, level of distractibility, and reinforcement schedule were the same as those 

employed during the intervention phase. 

If participants did not demonstrate blending under probe conditions they were 

subsequently presented with one vocal verbal model of each letter blend and provided the 

opportunity to echo each.  The researcher then began a 30 second timing with the instruction, 

“what sound is it?”.  Reinforcement and corrective feedback were provided in the same way 

as that which was provided for intervention timings.  This phase was conducted in order to 

assess the rate at which participants could acquire blending skills using frequency-building, 

once letter-sound correspondences were taught to fluency.   

Procedure 

 Pre-intervention probe.  In order to ensure that target letter sounds were unknown 

prior to intervention, probes were conducted with each participant.  Participants were shown 

each letter and asked, “what sound does this letter make?”.  Each participant scored zero for 

the target letter sounds presented and these sounds were included for intervention.  

Frequency aims.  The frequency aim range was set as 24-28 correct responses per 30 

seconds, with a maximum of 2 incorrect responses.  Frequency aim ranges for practicing 

academic skills to fluency with students with ASD are, as of yet, beginning to emerge 

(Kubina & Wolfe, 2005); therefore, research has not determined a specific aim range for 

labelling letter sounds.  A number of studies have set aim ranges by evaluating the fluency 
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with which participants can perform a similar mastered skill (Holding et al., 2011; 

Nopprapun & Holloway, 2014).  Therefore, the aim range in the current study was based on 

the average score of a similar fluent skill (i.e., labelling letter names) displayed by two of the 

participants.  Since this is not as of yet an empirically validated approach to setting frequency 

aims, any participant who had not yet met their frequency aim but had three descending or 

flat data points following an increase, were considered to have reached their individual best 

in terms of fluent performance.  Fluency outcomes were conducted post-intervention to 

evaluate if participants would attain high rates of responding on each after achieving their 

individual best.   

Intervention. Intervention sessions consisted of between four and six 30 second 

timings, corrective feedback after each timing, and interspersed breaks in order to deliver 

reinforcement activities. On first exposure to each stimulus set, the instructor provided a 

model of the correct vocal response for each letter sound.  Three such trials were conducted 

for each letter sound within the stimulus set.  The participant was provided with an 

opportunity to echo the model. The intervention began with the instructions “I am going to 

show you letters, you need to go as fast as you can, are you ready?”. When the participant 

indicated that they were ready, by nodding or saying “yes”, the researcher tapped the iPadTM 

screen to begin the slideshow and signalled to the participant to start by saying “what sound 

is it?” The instructor started the countdown timer set at a 30 second interval. Each participant 

was required to name each letter sound out loud and as fast as they could. The slideshow 

advanced automatically after three seconds. When the participant responded before the three 

seconds had elapsed, the researcher swiped the screen to move to the next letter.  Correct 

responses were recorded when the participant labelled the correct letter sound.  This included 

when the participant self-corrected immediately after an incorrect response. An incorrect 
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response was recorded when the participant labelled an incorrect sound, did not respond 

within three seconds, and did not self-correct.  

Reinforcement was delivered using praise and tokens which the participants used in 

their setting prior to intervention. Praise was provided during timings in the form of saying, 

“Great effort,” or "You're doing really well”, but was not delivered contingent on correct 

responding.  To control for the rate of reinforcement delivered across participants and 

stimulus sets, praise was provided after two to three letter presentations approximately. When 

the timer signalled the end of the 30 second timing, the participants received tokens and 

praise for correct and faster rates of responding. Three tokens were exchanged for a 

reinforcing activity or an item that the participant selected prior to the timings. 

Corrective feedback. No immediate error correction was provided during timings.  

Corrective feedback was delivered following each timing. A least-to-most prompting 

approach (Libby et al., 2008) was used until the participant emitted the correct response.  

Specifically, any letters that were labelled incorrectly during the timing were re-presented 

and the participant was asked “What sound is it?”. If the error was repeated or the participant 

did not respond, the letter was presented again and a full verbal model was provided.  When 

the participant emitted the correct letter sound, they received praise and the error correction 

for that letter was discontinued. No tokens were delivered during error correction.  

Data recording. Rate of correct responding was calculated by the instructors 

immediately after each frequency-building timing.  Incorrect responses were recorded on a 

data sheet during each timing.  After each timing, the instructor recorded the final slide 

number and deducted the incorrect responses recorded on the individual data sheet to 

calculate total correct responses.  This information was recorded on data sheets provided. The 
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best timing of each session was plotted on individual graphs, one for each participant. Visual 

analysis of the data informed the progression to the next stimulus set.  

Quantifying Treatment Effects 

In order to evaluate the effectiveness of the current intervention, the percentage of 

non-overlapping data (PND; Scruggs, Mastropieri, & Casto, 1987a) and non-overlap of all 

pairs (NAP; Parker & Vannest, 2009) were calculated for each participant, in addition to 

visual analysis of the data. The percentage of non-overlapping data (PND) is a metric used to 

evaluate outcomes of single case research by determining the proportion of data points in a 

given treatment condition that exceed the extreme value in the baseline condition. Scores 

from 70 to 90 represent effective treatments, scores from 50 to 70 are questionable, and 

scores below 50 are ineffective 9 (Scruggs & Mastropieri, 2001).  The NAP statistic is used 

in single case research to determine the effectiveness of interventions by quantifying the 

extent of performance change between baseline and intervention phases. An intervention is 

categorized as having a “large” effect where the NAP effect size was calculated between 

0.93-1.0. If the NAP effect size was calculated between 0.66- 0.92, an intervention was 

categorized as showing a “medium” effect, and if the NAP effect size was calculated between 

0- 0.65, an intervention was categorized as showing a “weak” effect (Parker & Vannest, 

2009).  

Procedural integrity 

Teacher training. Prior to the baseline phase, two instructors with a master’s level of 

education in applied behavior analysis were trained by the experimenter to implement the 

intervention. To ensure the intervention was implemented accurately, each instructor was 

provided with a staff training protocol and a 19 item task analysis of steps to be completed 

during implementation.  The experimenter provided a model of each step and then observed 
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both instructors implementing the intervention.  The 19 item task analysis was used as a 

treatment fidelity checklist which the experimenter used to score correct and incorrect steps 

during observations.  Instructors were determined to be competent in the delivery of the 

intervention when they achieved 100% accuracy of the 19 item task analysis across two 

consecutive implementations. Instructor 1 reached this mastery criterion after eight 

implementations and instructor 2 after nine implementations.  

 Treatment fidelity  checklist. Prior to each treatment session, the instructor reviewed 

the 19 item treatment fidelity checklist.  The instructor placed a checkmark next to each step 

that was implemented during the session.  The experimenter reviewed each checklist which 

indicated that accuracy of treatment implementation was achieved with 100% accuracy 

across all phases of the experiment.  An independent observer collected data using the same 

treatment fidelity checklist for 72% of sessions.  The results of the independent observers’ 

checklists showed 100% agreement with those completed by the instructor, demonstrating 

100% accuracy for each step for all checklists completed. 

Inter -observer Agreement 

Inter-observer data were recorded for 43% of intervention sessions over the course of 

the study. This was gathered by an independent observer who was trained to record correct 

and incorrect responses during timings and to calculate rate of correct responding using the 

methods employed by the instructor delivering the intervention. Inter-observer agreement 

was determined by calculating the total number of agreements (on correct and incorrect 

responses), dividing by the total number of agreements plus disagreements, and multiplying 

by 100. Percentage agreement for number of correct and incorrect responses was 100%. 
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Social Validity  

The Behavior Intervention Rating Scale (BIRS; Elliott & Treuting, 1991) was 

completed on the final day of intervention by a teacher in the pre-school setting, to evaluate 

teacher acceptability and perceived effectiveness in terms of treatment. The BIRS is a 24-

item scale with each item scaled on a 6-point Likert scale ranging from “strongly disagree” to 

“strongly agree”. This measure has been demonstrated to be an effective measure of both 

treatment acceptability and effectiveness, yielding a total coefficient alpha of .97 (Elliott and 

Treuting, 1991).  

Results 

Data were collected and graphically displayed across three phases; baseline, 

intervention, and measurement of fluency outcomes. Visual analysis was used to evaluate the 

effectiveness of the intervention, as well as a calculation of PND and NAP to ascertain the 

extent of changes in performance from baseline to intervention phases.  Performances on 

measures of fluency outcomes were also evaluated using visual analysis.   

Figure 1 shows the results for Alex.  He achieved the lower range of the pre-

determined frequency aim within two intervention sessions for stimulus Set 1, achieving 24 

correct responses per 30 second timing.  Timings were continued until he achieved 29 correct 

responses after four intervention sessions, surpassing the frequency aim range. For stimulus 

Set 2, Alex reached the lower range of the frequency aim after two sessions with a score of 

24 correct responses. Timings were continued but he did not achieve any further increase in 

correct responding during subsequent timings.  Alex reached the frequency aim for stimulus 

Set 3 following one intervention session, and achieved the higher range of the frequency aim 

following two sessions.  Although there were some increases on baseline probes for Set 2 and 

Set 3, visual analysis of Figure 1 shows a clear change in level from baseline to intervention 
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phases and an increasing trend in intervention phases until frequency aims were achieved.  

The change in absolute values, from the final baseline probe to the final intervention data 

point, for stimulus Set 1, 2 and 3 for Alex were 29, 17 and 19 correct responses respectively. 

The PND score for Alex was 100% for Set 1, 2 and 3, which represents an effective 

treatment.  A NAP of 1 was calculated for each stimulus set showing a large effect from 

baseline to intervention. 

Measure of fluency outcomes for Alex are also shown in Figure 1.  Post-intervention 

probes of application showed that Alex performed within the frequency aim range for all sets 

demonstrating fluency with novel materials. Performance during endurance probes was also 

high, achieving responding within the frequency aim for Set 2 and 3, and achieving 21 

correct responses per 30 seconds for Set 1.  He performed within the frequency aim range for 

all sets during probes for stability.  Following a 10 week break from intervention sessions, 

Alex achieved the same score of 27 correct responses per 30 second timing across all 

stimulus sets demonstrating a maintenance of high rates of correct responding with his score 

falling within the frequency aim range. 

Insert Figure 1 here 

Figure 2 shows the results for Jake.  He achieved the higher range of the frequency 

aim for stimulus Set 1 within four intervention sessions with 27 correct responses, and 

surpassed the frequency aim with 29 correct responses by session six. For stimulus Set 2, 

Jake did not reach the frequency aim. He received a maximum score of 21 correct responses 

following six sessions, after which his performance plateaued. Jake reached the lower range 

of the frequency aim for stimulus Set 3 following three frequency-building sessions and 

achieved a maximum score of 27 correct responses by session eight.  Again, increases were 

seen on baseline probes for Set 2 and 3; however, visual analysis of Figure 2 shows 
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increasing trends across each intervention phase, with some variability for Set 2 and 3, and 

changes in level from the baseline to intervention.  Set 2 showed a smaller increase in level 

than Set 1 and 3; however, the change in absolute values, from the final baseline probe to the 

final intervention data point for stimulus Set 1, 2 and 3 were 29, 8, and 21 correct responses 

respectively.  The PND score for Jake was 100% for Set 1 and 3., and 78% for Set 2, 

demonstrating an effective treatment for each set.  A NAP of 1 was calculated for each 

stimulus set showing a large effect from baseline to intervention. 

Measure of fluency outcomes for Jake are also shown in Figure 2.  For Sets 1, 2, and 

3, Jake’s achieved a high rate of correct responding across all stimulus sets (20, 19 and 20), 

falling just short of the frequency aim range.  The endurance and stability probes showed 

similar levels of responding.  Following an 8 week break in intervention, the maintenance 

post-intervention probe for Jake remained within the frequency aim range. His scores of 26, 

24 and 24 for Sets 1, 2, and 3 demonstrate his ability to maintain high rates of correct 

responding with targeted letter-sound correspondences. 

Insert Figure 2 about here 

Figure 3 shows the outcomes for Sarah.  She did not achieve the frequency aim for 

Set 1 but achieved a maximum of 20 correct responses over 13 intervention sessions.  For 

stimulus Set 2, Sarah reached the higher range of the frequency aim after 10 sessions with a 

score of 26 responses.  Visual analysis of the data (Figure 3) show an increasing trend across 

both intervention phases with only some variability.  There is a clear change in level of 

responding from baseline to intervention phases.  The change in absolute values, from the 

final baseline probe to the final intervention data point for stimulus Set 1 and 2 were 20 and 

26 correct responses respectively.  The PND score for Sarah was 100% for Set 1 and 2 
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demonstrating an effective treatment for both.  A NAP of 1 was calculated for each stimulus 

set showing a large effect from baseline to intervention. 

Measure of fluency outcomes for Sarah are also shown in Figure 3.  The post-

intervention probe for application demonstrated a rate of correct responding similar to the 

intervention phase (19 and 21) showing a high rate of correct responding with novel 

materials.  Sarah’s post-intervention probe for endurance demonstrated lower scores of 16 

and 17.  Scores on the stability post-intervention probe also remained similar to the 

intervention (21 and 22).  Following a 6 week break in intervention, Sarah achieved a score 

of 17 and 16 for Set 1 and 2 in the maintenance probe.  This represents a decrease of three for 

Set 1 and 10 for Set 2.   

Insert Figure 3 here 

Figure 4 shows the results for Donal.  He achieved his highest score of 23 correct 

responses following 13 intervention sessions for stimulus Set 1.  For stimulus Set 2, Donal 

again achieved a score of 23 responses after 9 intervention sessions.  Visual analysis of the 

data (Figure 4) show an increasing trend in correct responding across intervention phases 

with only some variability.  There is a clear change in level from baseline to intervention 

phases with a change in absolute values, from the final baseline probe to the final intervention 

data point for stimulus Set 1 and 2 of 23 and 22 correct responses respectively.  The PND 

score for Donal was 100% for Set 1 and 2 demonstrating an effective treatment for both.  A 

NAP of 1 was calculated for each stimulus set showing a large effect from baseline to 

intervention. 

Measure of fluency outcomes for Donal are also shown in Figure 4.  Donal achieved 

high rates of correct responding with novel material on his application probe, achieving 

scores of 20 and 22 for Set 1 and 2.  The results of the endurance and stability probes showed 
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lower scores of 17 and 18 (endurance) and 18 and 20 (stability).  Following a 6 week from 

intervention, the maintenance post-intervention probe for stimulus Set 1 showed a 

considerable decrease of 10 correct responses to a score of 13. Similarly, for stimulus Set 2 

correct responding decreased by nine. 

Insert Figure 4 here 

Generativity 

  Post-intervention probes were conducted following completion of the intervention to 

evaluate participants’ ability to blend letters targeted during intervention. Alex had not 

demonstrated two-letter blending without explicit instruction, attaining a score of zero on this 

probe.  Subsequent to this, Alex was provided with one vocal verbal model of each letter 

blend, followed by frequency-building timings, and corrective feedback, as implemented 

during intervention.  He achieved a score of 27 correct responses per 30 seconds after four 

timings.  These results are displayed in Figure 5. 

Insert Figure 5 about here 

Jake also attained a score of zero on his generativity probe.  Subsequent to this, he 

was also provided with a vocal verbal model, followed by frequency-building timings, and 

corrective feedback and achieved a score of 24 correct responses per 30 second timing after 

eight timings.  These results are displayed in Figure 6. 

Insert Figure 6 about here 

Similar to Alex and Jake, both Sarah and Donal had not acquired two-letter blending 

post-intervention.  Both participants received the same subsequent instruction; however, 

responding remained at zero for both after six timings. 
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Participant Characteristics 

Individual analysis of participant characteristics and intervention outcomes indicated 

possible moderators of intervention effectiveness related to language ability, repetitive 

behavior, and on-task behavior. Both Sarah and Donal showed slower rates of acquisition, 

required more sessions with each stimulus set, and achieve fewer frequency aims than Alex 

and Jake. At pre-intervention assessment, Sarah scored the lowest on the language scale 

measure prior to intervention. Donal scored similar to Alex and Jake on this measure; 

however, he scored considerably higher on the repetitive behavior scale than the other three 

participants.  Both Alex and Jake scored 100% on the pre-intervention of on-task behavior, 

while Sarah and Donal both scored 75%.   

Social Validity 

The Behavior Intervention Rating Scale (BIRS; Elliott & Treuting, 1991) was 

completed by the classroom teacher. The results indicated that the teacher was likely to 

recommend the intervention to colleagues as an intervention to increase phonics in pre-school 

children with ASD. The teacher also reported that the methods employed were enjoyable to 

use as an instructional method and that the intervention was appropriate for use within the 

educational setting.  

Discussion 

The aim of the present study was to investigate the use of a fluency-based 

instructional approach using CAI to teach letter-sound correspondence to learners with a 

diagnosis of ASD.  Outcomes of the intervention were primarily measured by evaluating the 

effects of intervention on rate of correct letter-sound correspondences.  The findings of the 

current study demonstrated that the instructional approach was effective in teaching letter-
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sound correspondence across participants, demonstrating that frequency-building has 

potential benefits for teaching phonics skills to children with a diagnosis of ASD.  All four 

participants achieved high rates of correct responding with letter-sound correspondences.  

Research has found that although students with ASD can develop phonic skills (Whalon et 

al., 2009), there is a lack of research investigating the most effective phonics instructional 

approaches with this population (Browder et al., 2006; Whalon et al., 2009). The current 

study adds to this literature and demonstrates frequency-building using CAI can be highly 

effective.  Heinicke et al. (2010) suggest research be conducted which evaluates if fluency 

approaches are superior to other traditional approaches.  Future studies should address this by 

comparing other approaches to the current intervention, and evaluating differences in 

outcomes.   

Outcomes associated with fluency; namely, application, endurance, stability, and 

maintenance were also recorded post-intervention.  Many of the probes demonstrated 

responding within the pre-determined frequency aim range and similar to the rate of 

responding achieved during intervention sessions.  These findings indicate that participants 

could, for the most part, maintain high levels of responding with novel materials, for longer 

durations of time, with distracting stimuli, and after a break in intervention, following 

fluency-based instruction.  Future research should investigate if achieving higher frequency 

aims can have a greater impact on rate of responding during fluency outcome probes.  Donal 

demonstrated a larger drop in rate of responding during his maintenance probe.  He also 

scored higher on RBS-R (Bodfish et al., 2000) conducted prior to intervention and displayed 

behavioral problems throughout the intervention which may have impacted this score.  

Although fluency outcomes were measured, experimental control is not demonstrated for 

these outcomes.  Additional research should be conducted to investigate the impact of 
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fluency-based instruction on such outcomes in comparison to control and alternative 

conditions.   

 Generativity was measured at both pre- and post-intervention by assessing 

participants’ ability to blend letter sounds targeted during intervention without explicit 

instruction.  All four participants scored zero on this measure.  Future research is necessary to 

investigate conditions and procedures necessary to produce such an outcome, for example, 

the frequency aims possibly need to be higher in order for generativity to occur.  Two 

participants learned the letter blends after few additional timings, which is similar to the 

findings of Duhon et al. (2010) who found that blending occurred for two of their participants 

after providing only a cue.  They suggest that teaching to a fluency threshold could promote 

generalisation of skills.  The current findings may also reflect this suggestion; however, no 

definitive conclusion can be extracted from our findings in the absence of a control or 

alternative treatment condition.  Much research is needed to investigate the generativity 

outcome and establish the conditions under which this outcome will readily occur. 

The individual analysis of participant characteristics in relation to the outcomes of 

intervention are important in terms of providing a better understanding of how diverse 

characteristics can impact or moderate interventions.  In reviewing the literature on CAI, 

Ramdoss et al., (2011) note that the heterogeneity of participants creates difficulty in 

evaluating such interventions.  Whalon et al., (2009) propose that researchers include detailed 

descriptions of participant characteristics in order to aid in the evaluation of effective 

interventions.  The current study provides information on language ability, repetitive 

behavior, and on-task behavior prior to intervention. The outcomes of the intervention across 

participants indicate that such characteristics can impact intervention, both in terms of the 

rate at which participants progress and rate of correct responding achieved.  Sarah and Donal 

both scored higher on the RBS-R (Bodfish et al., 2000) and lower for on-task behavior 
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(BOSS; Shapiro, 2013).  Sarah also scored the lowest on PLS-4 (Zimmerman et al., 2002).  

Looking at the outcomes of the intervention, the same participants reached their frequency 

aim ranges across a larger number of sessions and did not meet as many.  Such information 

should be considered prior to planning interventions for students with ASD in order to best 

match instruction to each individual.   

Related to matching instruction to each individual is the important issue of setting 

appropriate frequency aim ranges for students with ASD.  The current study demonstrates 

that students with ASD can achieve high rates of correct responding with letter-sound 

correspondences and adds to the emerging literature on frequency aim ranges for students 

with ASD.  Previous studies have set differing frequency aims for similar skills, for example, 

Nopprapun & Holloway (2014) set a frequency aim of 35 responses per 60 second timing and 

Holding, et al., (2011) set a frequency aim for correct naming of noun labels at the rate of 30 

correct responses per minute.  Frequency aims across both of those studies and the current 

study were obtained by sampling a similar mastered skill with the participants indicating that 

the participants in the current study performed higher in this pre-intervention assessment.  

Fluency outcomes were observed across all studies indicating that frequency aim ranges were 

likely set appropriately.  Such findings indicate that sampling similar mastered skills prior to 

intervention may be an appropriate way of setting individualised frequency aim ranges.  

However, there is an evident necessity for continued research on how best to set appropriate 

individualised frequency aim ranges for students with ASD. 

Limitations and Future Directions 

Two of the four participants did not progress onto the third stimulus set. Although 

experimental control is demonstrated for both participants, it would have been preferable to 

replicate the increasing trend across a third baseline.  Both participants progressed through 
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the intervention at a slower rate, requiring more sessions to increase rates of responding 

significantly.  Future studies should take into account the participant characteristics reported 

in the current study when planning similar interventions in order to allow sufficient time for 

completion.   

An increase in baseline data occurred for two participants before introducing Set 2 

and Set 3.  However, there was a significant change in level from baseline to intervention 

phases with no overlapping data and a clear increasing trend across intervention phases.  

Future studies evaluating similar interventions should consider this when deciding the most 

appropriate experimental design.  Perhaps more importantly, research should investigate the 

possible generalisation of fluency-based instruction with one skill to other similar skills.  

Such generalisation would have important implications for its application in educational 

settings in addition to designing experiments.   

Conclusion 

The current study offers verification to the increasing empirical support for variations 

in instructional methods to increase behavioral fluency for individuals with ASD. Moreover, 

the research supports the implementation of frequency-building through CAI, which 

demonstrates clinical utility within educational settings. The moderating factors for 

behavioral outcomes are also considered within the paper, offering insight to the complexity 

of designing interventions for those with ASD. The current study adds to the literature on 

fluency-based instruction (through CAI) and demonstrates positive outcomes for teaching 

letter-sound correspondences to students with ASD.   

Compliance with Ethical Standards 

Ethical approval.  All procedures performed in studies involving human participants 

were in accordance with the ethical standards of the institutional and/or national research 
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committee and with the 1964 Helsinki declaration and its later amendments or comparable 

ethical standards. 

Informed consent.  Informed consent was obtained from all individual participants 

included in the study. 
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