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ABSTRACT 

 There is a paucity of research surrounding evidence-based treatments for minimally 

verbal children with Autism Spectrum Disorder (ASD), especially in regard to the treatment of 

morphosyntactic deficits within this population. This study tested the effectiveness of an auditory 

bombardment and recasting treatment, based on principles of statistical learning, for treating 

these deficits in minimally verbal children with ASD. Three children between the ages of three 

and four were all initially treated with an auditory bombardment treatment requiring the auditory 

delivery of 24 unique exemplars of a targeted morphosyntactic form. When appropriate, 

enhanced conversational recasting was also implemented with one child, likewise requiring the 

auditory delivery of 24 unique exemplars. Each child received either 16 or 24 treatment dosages 

over ten to 18 weeks. One child made significant gains towards using and generalizing the 

targeted form, and another child showed an increase in the number of verbalizations attempted to 

accurately produce the targeted form. The results suggest that an auditory bombardment and 

recasting treatment based on principles of statistical learning can be successful when treating 

morphosyntactic deficits in minimally verbal children with ASD. 
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INTRODUCTION 

Many treatments have been developed or adapted for the purpose of improving the 

communication abilities of persons with Autism Spectrum Disorder (ASD). However, few of 

these have been developed or adapted for the purpose of improving the morphosyntactic abilities 

of these individuals. While some of these have revealed positive results for language in the long 

run, many involve intensive and time-consuming programs. These programs may be described as 

having low efficacy considering the associated costs. Thus, the purpose of this study is to 

determine the feasibility of a time efficient and low-demand language treatment for children with 

ASD. 

Overview of Autism Spectrum Disorder 

Autism spectrum disorder, a neurodevelopmental disorder, is “characterized by deficits in 

social communication and social interaction and the presence of restricted, repetitive behaviors” 

(ASHA, n.d.). However, as with all populations, those diagnosed with ASD are a heterogeneous 

group with a wide range of severities and deficits. Thus, how each case of ASD manifests itself 

varies from person to person. For example, one case may present with repetitive hand 

movements while another case presents with a focalized interest in one item (e.g., toy) or topic 

(e.g., birds). Another case may present with severe deficits in social language while another case 

presents with only mild deficits in social language. ASD may also be accompanied by language 

disorder, again of varying severities, affecting the person’s ability learn and use vocabulary 

and/or morphosyntax.  

Individuals with ASD may be diagnosed with comorbid language disorders of varying 

severities (e.g., minimally verbally, mild comprehension deficit). On the more severe end of 

language classification is the category of minimally verbal. This is characterized by a person 

having no verbal speech to having only 20 or 30 spoken words or phrases (Kasari, Brady, Lord, 
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& Tager-Flusberg, 2013). Consequently, these individuals are typically considered to have a 

more severe presentation of ASD. However, there is a paucity of research regarding minimally 

verbal individuals with ASD (Foti, De Crescenzo, Vivanti, Menghini, & Vicari, 2015; Obeid, 

Brooks, Powers, Gillespie-Lynch, & Lum, 2016). Regarding the treatment of language deficits in 

individuals who are minimally verbal, it has been referred to as the “neglected end of the autism 

spectrum” (Tager-Flusberg & Kasari, 2013, p. 476), and the difficulties in studying these persons 

have been attributed to the extreme variability and aberrant behavioral problems found within 

this population (Tager-Fluger et al., 2016). 

Current Treatments for Autism Spectrum Disorder 

While there are some effective treatments for ASD available, their attractiveness is 

limited by their resource intensive nature and their demands on the participants.  For example, 

one of the most common treatment programs is applied behavior analysis (ABA). ABA is based 

on the concept of B. F. Skinner’s operant conditioning which uses positive reinforcement to 

encourage desired behaviors and negative reinforcement to reduce undesired behaviors in order 

to help a child gain a specific skill one step at a time (Morris, Smith, & Altus, 2005). For 

instance, if a child needed to learn how to dress himself/herself independently, a parent or 

clinician might help the child develop this skill by consistently rewarding the child with a 

preferred item or activity with each step towards the goal (e.g., when the child holds the shirt, 

puts an arm through one hole, sticks the head into the shirt). It could also be used to encourage a 

child to verbally communicate more often by rewarding communicative behaviors (e.g., using a 

greeting) and withholding reward until a communicative behavior has occurred. However, its 

implementation requires significant resources including time. One meta-analysis of ABA therapy 
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included 25 studies reporting the number of hours of intervention per week; the mean number of 

hours of intervention per week across these studies was 27.5 hours (Virues-Ortega, 2010).  

A review describing current evidenced-based practices for individuals with ASD 

identified 27 treatments, including ABA, falling across 12 categories targeted for improvement 

(Wong et al., 2014). The 12 categories were listed as social, communication, behavior, joint 

attention, play, cognitive, school readiness, academic, motor, adaptive, vocational, and mental 

health. Notably, language is not included in this list, and does not necessarily overlap with 

communication. Many of the treatments have overlapping protocols. For example, several use 

the same components as ABA (e.g., prompting, reinforcement) and aim to extinguish undesirable 

behaviors and to increase desirable ones. These include discrete trial training (DTT), functional 

communication training (FCT), and task analysis (TA). Each of these involve breaking a task 

into smaller, more achievable steps and then encouraging the child through prompts to perform a 

certain behavior (Carr & Durand, 1985; Parker & Kamps, 2011; Smith 2001). However, like 

ABA, these treatments may also require extensive time and effort before treatment effects are 

observed.  

Other treatments, such as scripting, social narratives, and social skills training (SST) aim 

to improve an individual’s social abilities. Scripting involves creating a written exchange for a 

given social situation. It is created for the purpose of teaching and preparing an individual how to 

appropriately engage in a social situation (Loveland & Tunali, 1991).  Social narratives have a 

similar purpose and teach a person how to appropriately engage in a social situation by talking 

through or watching an event in which the targeted social skill is required (Swaggart et al., 

1995). SST often utilizes groups to train individuals to develop social skills including greeting 

others, talking about multiple topics, giving compliments, and asking for help by engaging in 
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those activities together (Kamps, Leonard, Vernon, Dugan, & Delquadri, 1992). While these 

treatments are supported by research, none of the 27 evidence-based treatments directly 

addresses the morphosyntactic deficits observed in many individuals with ASD. This indicates a 

paucity of research in this treatment domain for persons with ASD that also have 

morphosyntactic deficits. 

 Another aspect of treatment to consider is the ease of participation. It is well documented 

that, as treatment demands increase, undesired behaviors also increase (Boyd, McDonough, & 

Bodfish, 2012; Byiers, Dimian, McComas, & Symons, 2014). Many of the treatments used to 

treat children with ASD require the child to respond or behave in some way. In other words, 

these treatments place demands on the child to perform. When these demands result in undesired 

behaviors, it follows that treatment efficacy is further decreased as time and energy are spent on 

extinguishing undesired behaviors before returning to the appropriate stage in treatment. This, in 

turn, may result in the child having an aversion towards treatment. For example, the child may 

refuse to attend or participate in the treatment, or the parents may have to struggle to get the 

child to go to every session. This would further decrease treatment efficacy, potentially for an 

extended period of time. Thus, when behavioral concerns are present, as is often the case when 

treating individuals who are minimally verbal, it follows that a treatment requiring few demands 

may be the most efficient course of action (Kouri, 2005). 

Current Treatments for Language 

Although there are not many language treatments designed specifically for people with 

ASD, there are two language treatments currently being used to treat individuals with 

morphosyntactic deficits. These include auditory bombardment and conversational recasting. 

Auditory bombardment treatment involves choosing a target (e.g., phoneme, morphosyntactic 
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form) that an individual lacks and modeling that target multiple times within a given time period 

or treatment session (Bowen & Cupples, 1998). It can be done during most activities, as long as 

sufficient opportunities for auditory bombardment of the selected target are possible. Auditory 

bombardment treatment has been used to help individuals with language deficits to learn speech 

sounds, vocabulary, and morphosyntax (Gangloff, 1991; Monahan, 1986; Rudolph & Wendt, 

2014). The effect of auditory bombardment on speech sound acquisition has been studied for 

many decades, but results have been inconclusive regarding its effectiveness. However, Kouri 

(2005) employed an auditory bombardment treatment for word learning in children ages 19 to 36 

months with language impairment. She found that those treated with auditory bombardment had 

greater spontaneous usage of target words and had greater generalization of those words when 

compared with another effective language-based treatment (i.e., mand-elicited imitation).  Other 

researchers have found that auditory bombardment treatment can provide a “measurable 

advantage” (Plante, Tucci, Nicholas, Arizmendi, & Vance, 2018, p. 320) when used in addition 

to a conversational recasting method to target morphosyntactic forms as compared to groups that 

received a conversational recasting treatment only (Encinas & Plante, 2016; Meyers-Denman & 

Plante, 2016).  

Alternatively, conversational recasting treatment has also been used to treat 

morphosyntactic deficits in individuals with language impairments. A conversational recast is a 

grammatically correct restatement by the treatment agent of an utterance first produced by the 

individual being treated (McCauley, Fey, & Gillam, 2017). For example, if a child said, “He 

jumping,” which lacks the word “is” in between “he” and “jumping,” in order to be 

grammatically correct, the treatment agent would produce a recast by saying, “He is jumping.” 

Thus, the child hears the grammatically correct version of his or her utterance immediately after 
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producing the form incorrectly. This creates a contrast between the two utterances that may help 

the child recognize and correct those grammatical errors. Research suggests that it is an effective 

treatment method to address morphosyntactic deficits (Baker & Nelson, 1984; Hassink & 

Leonard, 2010; Leonard & Deevy, 2017).  Additionally, Camarata, Nelson, and Camarata (1994) 

found that children (ages four to six) with language deficits treated with conversational recasting 

had greater spontaneous usage of target words and that spontaneous usage happened faster and 

generalized quicker when compared with another effective language-based treatment involving 

target imitation. 

Statistical Learning: An Alternative Treatment Model 

Statistical learning refers to the idea that a person can learn unintentionally (i.e., implicit 

learning) based on the patterns of input perceived by the person (Alt, Meyers, & Ancharski, 

2012). For example, if a person lacks a particular morphosyntactic form (e.g., present 

progressive -ing), statistical learning theory says that if he or she is given enough of the right 

kind of input, he or she will be able to learn and use that morphosyntactic form. Characteristics 

that determine the type of input required to facilitate implicit learning for morphosyntax have 

been explored in neurotypical individuals and in those with language deficits (Encinas & Plante, 

2016; Gómez, 2002; Hsu, Tomblin, & Christiansen, 2014; Meyers-Denman & Plante, 2016; 

Plante et al., 2014; Plante, Tucci, Nicholas, Arizmendi, & Vance, 2018). 

In 2002, Gómez published research results suggesting that both infants and adults can 

learn morphosyntactic forms through statistical learning. In these two studies, infants and adults 

were exposed to either two, three, six, 12, or 24 unique exemplars of morphosyntactic forms 

from an artificial language. The meaning of unique exemplars may best be illustrated by the 

following example from the English language: the morphosyntactic construct of past tense 
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regular -ed, as in played or bumped, is presented multiple times (i.e., the exemplars), but each of 

the root verbs in the exemplars, as in talked, skipped, laughed, is different (i.e., each verb is 

unique). In theory, the variability forces the language learner to learn the overall 

morphosyntactic pattern (i.e., verb + -ed = verb happened in the past) rather than relying on the 

memorization of the individually presented stimuli.  In Gómez’s studies, the artificial 

morphosyntactic forms were presented to the infants within a three-minute time period and to the 

adults within an 18-minute time period. Significant evidence supported the implementation of 

the high-variability condition (i.e., 24 unique exemplars) as the individuals who were exposed to 

the greatest degree of variability learned the syntactic pattern best at 90% accuracy as compared 

to the other conditions which only achieved between 60.5% and 66.5% accuracy. This research 

suggests that high-variability conditions are better for language learning than low-variability 

conditions. It also suggests that a certain level of variability (i.e., 24 varying elements) must be 

presented in order for the individual to learn the morphosyntactic pattern. In other words, after 

receiving a dosage of 24 variations of a particular morphosyntactic form (i.e., each of the root 

verbs in the past tense regular -ed forms differ), an individual can implicitly learn the rule behind 

how that morphosyntactic form is made and when it is used, and can do so within a short amount 

of time. Thus, high variability is an important component of providing the type of input that 

facilitates statistical learning. 

Additional studies, with populations that include individuals with morphosyntactic 

deficits, have also produced results that further support Gómez’s findings and show that those 

findings to apply to real languages (Encinas & Plante, 2016; Meyers-Denman & Plante, 2016; 

Plante et al., 2014; Plante et al., 2018). The participants in each of these studies were children 

with morphosyntactic deficits. Additionally, each study had similar procedures, involving 20-25 
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play-based treatment sessions that were 30 minutes long and occurred five times a week for four 

to five weeks. Each child was assigned a morphosyntactic form that was developmentally 

appropriate, but that he or she was not yet using consistently (e.g., past tense regular -ed, present 

progressive -ing). This morphosyntactic form was taught using enhanced conversational 

recasting, which is a type of conversational recasting that uses high-variability (i.e., 24 unique 

exemplars) to promote statistical learning (Plante et al., 2014). Results from each study showed 

that a significant number of participants responded to the treatment and acquired the targeted 

morphosyntactic form and could generalize the form to untreated control verbs (Encinas & 

Plante, 2016; Meyers-Denman & Plante, 2016; Plante et al., 2014; Plante et al., 2018). This 

indicated that using an input-based approach founded on the principles of statistical learning was 

a viable play-based treatment for young children with morphosyntactic deficits.  

Statistical Learning in Individuals with Autism Spectrum Disorder 

Other studies have shown that individuals with ASD have intact statistical learning 

systems (Foti, De Crescenzo, Vivanti, Menghini & Vicari, 2015; Haebig, Saffran, & Weismer, 

2017; Mayo & Eigsti, 2012). In one meta-analysis, Foti, De Crescenzo, Vivanti, Menghini and 

Vicari (2015) used data from 11 studies involving 407 individuals with ASD to compare their 

performance on implicit learning related to motor, visuo-motor, or visual tasks involving serial 

reaction time, alternating serial reaction time, pursuit rotor, or contextual cueing to the 

performance of neurotypical peers. Results indicated no difference between the groups for 

implicit learning abilities on motor, visuo-motor, or visual tasks.  

Another study compared the implicit language learning abilities of three groups: (1) 

neurotypical children, (2) children with ASD (both with and without a language impairment), 

and (3) children with Specific Language Impairment (SLI) on word segmentation and fast 
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mapping tasks (Haebig et al., 2017). The children with SLI performed significantly worse on 

these tasks than the neurotypical children and children with ASD, indicating that they had 

impaired statistical learning systems. There were no significant differences between the 

neurotypical children and the children with ASD. An additional analysis separately confirmed 

that those children who had a language impairment in addition to ASD also had intact statistical 

learning systems. Mayo and Eigsti (2012) used a similar method and collected similar results 

when comparing the speech segmentation abilities of children with high functioning ASD to 

neurotypical children using an artificial language. Overall, results from these studies suggest that 

treatments based on statistical learning may be successful when treating individuals with ASD as 

their statistical learning systems are generally intact. 

Potential Statistical Learning Treatment Approaches  

 The two language treatments previously described, auditory bombardment treatment and 

conversational recasting treatment, have been and can be modified from their traditional forms 

into protocols that are consistent with the components of statistical learning in order to treat 

morphosyntactic deficits (Encinas & Plante, 2016; Meyers-Denman & Plante, 2016; Plante et al., 

2014; Plante et al., 2018). As previously described, a conversational recasting treatment 

construct based on statistical learning is known in the literature as enhanced conversational 

recasting (Plante et al., 2014). It still involves a grammatically correct restatement by the 

treatment agent of an utterance first produced by the individual being treated as with traditional 

conversation recasting approaches; the feature differentiating the two is that enhanced 

conversational recasting requires that 24 unique exemplars are provided within a treatment 

session so as to be consistent with the principles of statistical learning. Moreover, as discussed 
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above, enhanced conversational recasting treatment has also produced evidence as a viable 

treatment option for children with morphosyntactic deficits.  

Auditory bombardment treatment may be similarly adapted to fit within a statistical 

learning construct by requiring the treatment agent to produce a total of 24 unique exemplars 

within a treatment session (Encinas & Plante, 2016; Plante et al., 2018). To our knowledge, an 

auditory bombardment treatment based on statistical learning has not been formally tested in 

isolation. However, Plante et al. (2018) used this adaption of auditory bombardment treatment in 

addition to enhanced conversational recasting treatment and produced results suggesting that, 

when used jointly, positive treatment outcomes may increase. Considering this treatment effect 

produced by this type of auditory bombardment treatment, it is plausible that, when used in 

isolation, it could also be effective in helping individuals learn morphosyntactic forms implicitly. 

An additional benefit to this type of treatment would be that it requires even fewer demands from 

the individual receiving treatment than are required by enhanced conversational recasting as no 

language output from the child is directly encouraged or necessary before an auditory 

bombardment can be produced by the treatment agent. 

Additional research suggests that these treatments may be effective with other 

populations beyond those with primary language impairment. Encinas and Plante (2016) 

conducted a study which included three cochlear implants users between the ages of four and 

five who had language impairment secondary to hearing impairment. This study used enhanced 

conversational recasting treatment for 20 to 25 minutes per treatment session as its primary 

treatment approach, but also included an implicit learning based auditory bombardment approach 

for two minutes at the conclusion of each treatment session. Treatment occurred five days a week 

over four to five weeks. Results support that using enhanced conversational recasting treatment 
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and an auditory bombardment treatment founded on principles of statistical learning can be 

effective in treating children with morphosyntactic deficits who belong to populations beyond 

primary language impairment as all three children achieved between 60% and 80% accuracy of 

their targeted morphosyntactic form on at least one occasion during the course of treatment. 

The Current Study 

 The current study aimed to determine the feasibility of an implicit learning based 

auditory bombardment and enhanced conversational recasting approach for young children with 

autism spectrum disorders who are minimally verbal. According to Fey and Finestack (2009), the 

purpose of a feasibility study is to determine if a potential treatment could be effective within a 

specific population. A feasibility study may be thought of as a preliminary study providing 

information regarding whether or not the treatment method should be extended to a larger sample 

size with the same population. While some may be surprised by our choice to treat children who 

are minimally verbal for morphosyntactic deficits, it is important to remember that this label does 

not indicate the complete absence of verbal language; though limited, these children often have 

some type of verbal output that can be treated. Additionally, anecdotal evidence from clinicians 

at the University of Arizona using a similar treatment method while working with minimally 

verbal children with ASD suggested that this type of treatment could be successful. 

In this study, we hypothesized that an auditory bombardment and conversational 

recasting treatment based on statistical learning would result in the correct use of a targeted 

morphosyntactic form that could generalize to untrained forms. This hypothesis was based on the 

current research suggesting that individuals with ASD have intact statistical learning systems and 

that established language treatment methods based on statistical learning might successfully 

extend to this population.  Additionally, the idea that this population could benefit from a 
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treatment requiring few demands further supports the use of this input-based treatment. The 

hypothesis was tested in a single-subject study format using three children with documented 

language deficits in addition to having ASD and being minimally verbal. 

METHODS 

Participants 

Study participants included three monolingual, English-speaking children (two males and 

one female) between the ages of three and four from Southern Arizona with a diagnosis of 

minimally verbal ASD. The children were all recruited via an IRB-approved flyer that one or 

more parent received from the Autism Society of Southern Arizona listserv. After receiving the 

flyer, the parents contacted the primary research investigator and scheduled an initial evaluation 

to determine eligibility. Study inclusion criteria required that each child was between the ages of 

three and six, was a monolingual English speaker, had a diagnosis of ASD, and lacked age-

appropriate morphosyntactic markers that were not being treated elsewhere.  

Four assessments were used to qualify each child for the study: the Autism Spectrum 

Rating Scale (ASRS; Goldstein & Naglieri, 2009), Structured Photographic Expressive 

Language Test-Preschool 2 (SPELT-P2; Dawson, Eyer, & Fonkalsrud, 2005), Goldman-Fristoe 

Test of Articulation-3 (GFTA-3; Goldman & Fristoe, 2015), and Peabody Picture Vocabulary 

Test-4 (PPVT-4; Dunn & Dunn, 2007). The ASRS was administered to determine a child’s 

inclusion in the study by providing further evidence that each child had been correctly diagnosed 

with ASD. The SPELT-P2 was also used to determine the child’s inclusion in the study: if a 

child scored below a standard score cutoff of 87 (which has a sensitivity of 90.6% and specificity 

of 100% according to Greenslade, Plante, and Vance (2009)), the researchers felt confident that a 

language disorder was present. Additionally, results of the SPELT-P2 assisted in the selection of 

appropriate morphosyntactic treatment targets. The GFTA-3 was used as a descriptive measure 
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to assist in the selection of treatment targets by indicating which phonemes the child could 

accurately produce. The PPVT-4, also a descriptive measure, was given to obtain further 

information about the extent child’s receptive vocabulary. Demographic information and 

assessment results for each child are provided below in Table 1. 

TABLE 1 

Participant Information Participant 1 Participant 2 Participant 3 

Gender Male Female Male 

Age at Study 3 years, 9 months 4 years, 2 months 4 years, 1 month 

ASRSa 81 83 71 

SPELT-P2b 69 54 --* 

GFTA-3c 71 44 55 

PPVT-4d 88 90 45* 
aAutism Spectrum Rating Scale. Standard score M: 49.6; standard score SD: 10. bStructured 

Photographic Expressive Language Test, Preschool-Second Edition. Standard score M: 100; 

standard score SD: 15.  cGoldman-Fristoe Test of Articulation-Third Edition. Standard score 

M: 100; standard score SD: 15.  dPeabody Picture Vocubulary Test-Fourth Edition. Standard 

score M: 100; standard score SD: 15. 

*Indicates that testing was not completed or may not reflect accurate results due to behavioral 

problems encountered during testing 

 

Participant 1 

Participant 1 was 3 years, 9 months at the start of the study. He received a medical 

diagnosis of minimally verbal ASD, mixed receptive-expressive language disorder, and sensory 

modulation dysfunction in June 2017. He had received speech and language services through his 

preschool prior to participating in this study but was temporarily on break while participating in 

this study. His birth was unremarkable and, as of 2017, his vision and hearing were within 

normal limits. He participated in a total 16 therapy sessions over the space of 11 weeks. His 

treatment target was regular past tense –ed (e.g., played, cried, skipped) and control form was 

regular plural –s (e.g., dolls, cars, toys). 
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Participant 2 

Participant 2 was 4 years, 2 months at the initial assessment. She received a medical 

diagnosis of minimally verbal ASD and sensory processing dysfunction in July 2017. She was 

also receiving speech and language services prior to and while participating in this study through 

her preschool. Her therapy goals at her preschool did not target morphosyntax. Her birth was 

unremarkable and, as of 2017, her vision and hearing were within normal limits. She participated 

in a total of 24 therapy sessions over the space of 18 weeks. Her treatment target was negation, 

specifically the “is not” form (e.g., is not red, is not playing, is not on the table) and her control 

form was the pronoun “she.” 

Participant 3 

Participant 3 was 4 years, 1 month at the initial assessment. He received a medical 

diagnosis of minimally verbal ASD in November 2015. He was also receiving private speech and 

language services prior to and while participating in this study. Of his therapy goals, only one 

targeted morphosyntax (i.e., prepositional phrase use). He participated in a total of 16 therapy 

sessions over the space of 10 weeks. His treatment target was present progressive –ing (e.g., is 

walking, is sleeping, is eating) and control form was regular past tense –ed (e.g., played, cried, 

skipped). 

General Treatment Overview 

The treatment consisted of an implicit learning based auditory bombardment component 

(i.e., 24 unique exemplars of the same target form presented by a treatment agent within a given 

time period) and, if the child made some attempt to verbally use the target form, an enhanced 

conversational recasting component (i.e., 24 unique restatements of a target first produced by the 

individual receiving treatment by the treatment agent in a grammatically correct way). If no 
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language was present, auditory bombardment ensued. For example, if the child’s target was 

regular past tense -ed, the treatment agent would say 24 different words ending with the 

morpheme -ed (e.g., played, laughed, leaped) over the course of the treatment session. If the 

child began to repeat the morphosyntactic form after exemplars were given, the treatment agents 

transitioned to using enhanced conversational recasting treatment in addition to an implicit 

learning based auditory bombardment treatment.  

The intervention was input-based and delivered during play activities.  Each session 

involved the presentation of 24 unique exemplars (i.e., no exemplar was repeated during a 

session) of each participants’ morphosyntactic target (i.e., regular past tense –ed, negative “is 

not,” or present progressive –ing) to reach the targeted dose of 24. All three participants were 

initially offered 16 treatment sessions but were later given the option to continue receiving 

treatment for an additional 8 treatment sessions. Thus, the total treatment duration was 24 

treatment sessions over the span of 18 weeks for Participant 2, and 16 treatment sessions over the 

span of 11 and 10 weeks respectively for Participants 1 and 3. Each participant attended one or 

two 30-minute sessions per week, and the 24 exemplars were presented at the rate of 

approximately 1.25 per minute. Participant 2 received 24 treatment sessions with 24 doses per 

session for a cumulative treatment intensity of 576 doses; Participants 1 and 3 received 16 

treatment sessions with 24 doses per session for a cumulative treatment intensity of 384 doses. 

Treatment included probes (pretreatment and generalization), auditory bombardment, and, in 

some cases, conversational recasting. This treatment was approved by an Institutional Review 

Board (IRB) at the University of Arizona.  
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Treatment Agents 

The treatment agents for this study were six graduate clinicians who were part of the 

clinical Master’s program for Speech-Language Pathology at the University of Arizona.  Each 

child had two clinicians.  Each acted as the treatment agent for roughly half of the sessions in a 

one-on-one setting. Each graduate clinician received training on the treatment protocol before the 

start of treatment. Continued guidance and training were provided throughout the duration of 

treatment. All assessment and treatment sessions occurred at the Grünewald-Blitz Clinic for 

Communication Disorders in Children, which is housed at the University of Arizona.  

Pretreatment Baseline 

Morphosyntactic forms (four or five per child) used for the purpose of baseline probes 

were identified using SPELT-P2 and GFTA-3 results. Three criterion determined selection of 

morphosyntactic forms for each child: (1) the child never produced the morphosyntactic form 

during assessment, (2) earlier developing forms were selected over later developing forms of 

those the child did not produce, and (3) the articulation abilities of the child were such that the 

morphosyntactic form in question could be produced audibly with essential grammatical 

markers. Treatment agents collected baseline data for each child individually over three, 45-

minute sessions. These sessions were play-based and treatment agents were encouraged to follow 

the child’s lead while seeking to elicit each morphosyntactic form at least ten times from the 

child. In order to count as an elicitation, treatment agents were required to obligate the child to 

produce the target form (i.e., the clinician prompted the child in a way that the child had to use 

the targeted morphosyntactic form in order for the response to be grammatically correct).  For 

example, if the treatment target was regular past tense –ed, during play the clinician might make 

a toy animal jump; after the figure has finished his jump, the clinician could say, “I saw the 
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animal jump! What happened with the animal? The animal . . .” Following this statement, the 

clinician would pause and wait for the child to finish the sentence with the appropriate word. In 

this case, the only acceptable response for the child to say would be the word “jumped.” Thus, 

the child had been obligated to use the regular past tense –ed form. Treatment agents noted on a 

data collection form whether the child responded correctly, incorrectly, or did not respond. Based 

on the accuracy of the child’s responses, one treatment target and control target were selected. 

All children achieved 0% accuracy for both the treatment and control targets across the three 

baseline sessions. 

Treatment Sessions 

As previously stated, study participants received an implicit learning based auditory 

bombardment treatment and/or enhanced conversational recasting treatment in a one-on-one 

treatment setting for 30-minutes, once or twice a week, for a total of 16 or 24 sessions (see Table 

2). The treatment agents prepared unique (i.e., unrepeated across sessions) structured play 

activities for each session during which they could implement the prescribed dose. Each 

participant began receiving the implicit learning based auditory bombardment component of 

treatment exclusively. In this phase of treatment, the treatment agents would present 24 different 

examples of the selected morphosyntactic target for each child during the treatment session. In 

the conversational recasting component of treatment (which was only ever reached by Participant 

2), the clinician would insert a five to ten second pause before delivering the target form to 

provide the opportunity for the child to produce the target form on his or her own; this pattern 

mirrored the procedure for the baseline probes, except that after the child either responded 

correctly, responded incorrectly, or did not respond, the treatment agent would state the targeted 

form in a grammatically correct way. For example, if the child’s target was regular past tense -
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ed, the treatment agent might say, “The boy was playing. I saw him play. What happened with 

the boy? He [pause]” and then wait to give the child time to respond. Regardless of whether the 

child responded correctly, responded incorrectly, or did not respond, the treatment agent would 

proceed by presenting the targeted form (e.g., “He played”). While performing the implicit 

learning based auditory bombardment and/or enhanced conversational recasting components, the 

treatment agents attempted to get and hold the child’s attention by saying the child’s name, 

showing the child a toy, or using vocal inflection, but the child’s attention was not demanded 

when not freely given. 

All participants initially received the implicit learning based auditory bombardment 

treatment but, in one case, enhanced conversational recasting techniques were later added to 

further support her response to treatment. This addition was made due to the degree and timing 

of the verbal output this participant began to produce during treatment sessions which 

transformed the auditory bombardment into a conversational recast by definition. In essence, the 

participant interrupted the clinician in the middle of a bombardment and used the target form 

either incorrectly or correctly, so when the clinician delivered the exemplar, it occurred after the 

child’s utterance, making the clinician’s behavior best described as having delivered a 

conversational recast rather than an auditory bombardment. 
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TABLE 2 

Participant Treatment 

Target 

Treatment 

Doses Per 

Day 

Dose 

Frequency 

Total Number 

of Treatment 

Days 

Total 

Intervention 

Duration 

1 Past tense 

regular -ed 

24 1x per day;  

1-2 days per 

week 

16 11 weeks 

2 Negative “is 

not” 

24 1x per day;  

1-2 days per 

week 

24 18 weeks 

3 Present 

Progressive  

-ing 

24 1x per day;  

1-2 days per 

week 

16 10 weeks 

 

Generalization Probe Sessions 

Similar to the probes presented during the pretreatment baseline phase of the study, two 

probes were administered during the course of treatment prior to treatment sessions #8 and #16 

for Participants 1 and 3, and sessions #8, #16, #19, #20, #21, #23, and #24 for Participant 2. Each 

child’s target and control forms were probed at least ten different times respectively within a 15-

minute period of time. The purpose of probing both the target and control forms was to compare 

each child’s progress to determine if treatment improved the treated target form as compared to 

the untreated control form. These probes were done in a structured play setting, but with toys the 

children had never played with during treatment. Treatment agents had the choice of using one of 

six themed toy sets for each probe: farm, ocean, zoo, race car, soccer, and Play-Doh. The verbs 

that the treatment agents used to probe the children with were also unique and had not been used 

during any of the treatment sessions. 
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Outcome Measures 

Generalization probes were used as the primary outcome measure. As stated previously, 

generalization probes consisted of ten elicitations of each child’s target and control forms. 

Correct spontaneous use of the target form was also tracked for each child as an additional 

outcome measure, but no spontaneous uses were recorded for any of the children. 

Procedural Fidelity 

 Undergraduate students in the Speech-Language and Hearing Sciences program at the 

University of Arizona acted as procedural fidelity coders. 81% of all probe and 86% of all 

treatment sessions were coded for fidelity data (ranging from 60% - 100% of probe sessions and 

from 75% - 94% of treatment sessions for each participant). Procedural fidelity was defined as 

the degree to which the treatment agent complied with treatment protocol. They noted when too 

many or too few productions occurred, when a production was repeated, and when a probe verb 

was used. Since 24 unique bombardments and/or conversational recasts should have occurred 

during each treatment session, fidelity data was calculated with 24 as the perfect score (e.g., 

24/24 = 100% procedural fidelity). Overall procedural fidelity was determined to be 97.64% for 

probe sessions (ranging from 70% - 100% across all probe sessions) and 94.1% for treatment 

sessions (ranging from 70% - 100% across all treatment sessions). Additionally, these coders 

tracked how frequently each clinician attempted to gain and maintain the child’s attention. 

Across all sessions, these attempts occurred 98.7% of the time. 

Scoring Reliability 

Graduate student clinicians in the Speech-Language Pathology program and one 

undergraduate student in the Speech-Language and Hearing Sciences program at the University 

of Arizona acted as scoring reliability coders. One hundred percent of all probe and 88% of all 
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treatment sessions were coded for reliability data (ranging from 71% - 100% of treatment 

sessions for each participant). Scoring reliability was defined as the degree of consistency 

between what the treatment agent recorded and the reliability coder recorded for how the child 

responded (e.g., did not respond, responded incorrectly, responded correctly). Overall procedural 

reliability was determined to be 100% for probe sessions and 98.38% for treatment sessions 

(ranging from 79.17% to 100% across all treatment sessions). Furthermore, point-to-point 

scoring reliability during probes was determined to be 100% across all participants. 

RESULTS 

Each child’s performance on generalization probes were used as the primary measure of 

treatment effect. Figures 1 through 3 display the data collected on each generalization probe for 

both the control and target morphosyntactic forms for each participant from the pretreatment 

baseline phase through the end of treatment. To evaluate the strength of the collected data, effect 

sizes (d) were determined (Beeson & Robey, 2006; Plante et al, 2014). See calculated effect sizes 

in Table 3. 
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Participant 1 - Treatment and Control Form Data
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TABLE 3 
Participant Pre-Target End-Target Effect Size Pre-Control End-Control Effect Size 

1 0 0 0 0 10 0.058 

2 0 100 17.32 0 0 0 

3 0 0 0 0 0 0 

 

One of the three participants, Participant 2, showed gains for increased use of the targeted 

morphosyntactic form. However, Participant 2 was the only participant to continue receiving 

treatment beyond 16 treatment sessions and it was after the first 16 treatment sessions that she 
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Participant 2 - Treatment and Control Form Data

Treatment Form (negative "is not") Control Form (pronoun "she")
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Participant 3 - Treatment and Control Form Data

Treatment Form (present progressive -ing)

Control Form (past tense regular -ed)
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began to show gains. She had no change in her use of her control form. Participant 1 showed no 

gains in the use of his targeted form, but experienced a very small gain in the use of his control 

form. Participant 3 did not show any gains in either the use of his targeted or control forms. As 

noted by Fey and Finestack (2009), describing each child’s unique characteristics can be helpful 

in identifying potential variables that affect treatment outcomes. As such, a brief description of 

each participant’s behavioral characteristics will be described. 

Results for Participant 1 

Participant 1 adjusted fairly well to the treatment structure and routine and he seemed to 

enjoy engaging with the clinicians. He occasionally required redirection to a treatment activity or 

reminders of acceptable behaviors (e.g., keeping his hands to himself, using nice hands). As 

such, behavioral management strategies (e.g., ignoring negative attention-seeking behaviors) 

were employed to maintain an environment conducive to the treatment. In general, his attention 

to the clinicians administering the auditory bombardment treatment was fairly consistent and 

easy to maintain, possibly because he had fair eye contact and joint attention abilities. 

As shown in Figure 1, treatment had no effect (d = 0) of his use of the targeted 

morphosyntactic form (i.e., regular past tense -ed). His performance remained at 0% across 

pretreatment baseline probes and all generalization probes. The use of his untreated control form 

(i.e., plural regular -s), also shown in Figure 1, increased marginally by 10% with an effect size 

of 0.058. As this form was not directly treated, this gain may be attributed to developmental 

changes leading to the acquisition of the plural regular -s form. It is also possible that he had 

learned to mark the regular plural -s form in that incidence only.  

While he did not improve in use of the targeted morphosyntactic forms, the clinicians 

observed that his overall verbal output during treatment had increased from baseline. This is 
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further suggested by his participation during probes: initially he attempted a response for his 

treatment target only 10% of the time; as treatment progressed, he attempted responses 60% of 

the time across two probes. In contrast, he initially attempted responses 0% of the time for his 

control form, and as treatment progressed, he attempted responses only 10% and 40% of the time 

across two probes. This indicated that he attempted to respond to probes related to his treatment 

target more often than to his control target.  

Results for Participant 2 

 This child was eager to please and she seemed to enjoy engaging with the clinicians. She 

was generally compliant and displayed few undesired behaviors (e.g., lightly hitting) during 

treatment sessions. Similar to Participant 1, she had good eye contact and joint attention abilities. 

Her attention to the clinicians administering the treatment was mostly consistent and easy to 

maintain. In fact, halfway through treatment, she began to finish the phrases with the targeted 

morphosyntactic form (e.g., negative “is not”), sometimes correctly and sometimes incorrectly, 

before the clinicians could finish the auditory bombardment of the targeted treatment form. In 

such cases, by definition, auditory bombardment treatment became conversational recasting 

treatment since the clinicians were then repeating what she had said in a grammatically correct 

way instead of only providing a model of the target. 

 When she began attempting to produce her targeted treatment form in appropriate 

contexts, the clinicians noticed that her attempts consisted primarily of the word “no” or 

occasionally “not” without the preceding “is.” As such, the clinicians began to utilize auditory 

highlighting of the word “is” by slightly elongating the word, moving up in pitch, and/or saying 

it louder than the rest of the phrase, while providing each dose. 
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 As shown in Figure 2, treatment had a large effect on her use of the targeted 

morphosyntactic form with an effect size of 17.32. Her performance began at 0% across 

pretreatment baseline probes but jumped to 90% at the 4th generalization probe and 100% at the 

5th through 7th generalization probes. Also shown in Figure 2, the use of her untreated control 

form (i.e., pronoun “she”) remained at 0% across all generalization probes; treatment had no 

effect. Additionally, without prompting from a clinician, her mother reported that Participant 2 

had increased meaningful verbal output at home since the start of treatment. 

Results for Participant 3 

 This child experienced some difficulty participating in treatment. Initially, he appeared to 

have little interest in engaging with the clinician and was content to wander the room, ignoring 

actions done or things said by the clinicians. Behavioral management techniques were 

implemented to improve the treatment environment (e.g., moving the table and unused chairs 

from the therapy room). While he had fair eye contact, he had poor joint attention abilities, 

except when he was fixated on an object or activity. Similarly, his attention to the clinicians 

administering the auditory bombardment treatment was fairly poor.  

 As shown in Figure 3, treatment had no effect (d = 0) of his use of the targeted 

morphosyntactic form (i.e., present progressive -ing) or his untreated control form (i.e., regular 

past tense -ed). His performance remained at 0% across pretreatment baseline probes and all 

generalization probes for both the treatment and control forms. While he did not improve in use 

of the targeted morphosyntactic form, the clinicians observed that his overall verbal output 

during treatment had increased from baseline. 

DISCUSSION 

As previously noted, both an implicit learning based auditory bombardment and 

enhanced conversational recasting treatments have produced positive results when used to treat 
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morphosyntactic deficits in young children with language deficits (Baker & Nelson, 1984; 

Camarata et al., 1994; Encinas & Plante, 2016; Hassink & Leonard, 2010; Kouri, 2005; Leonard 

& Deevy, 2017; Plante et al., 2014; Plante et al, 2018). The present study used a combined 

approach of these two treatment paradigms to extend this work to treat morphosyntactic deficits 

in preschoolers with ASD.  We found this paradigm was clearly successful for one participant, 

but less so for the other two.  

Role of Dose  

After receiving this treatment, one of the three participants (Participant 2) made 

significant gains in the correct use of her treated morphosyntactic form. However, she was the 

only participant to receive more than 16 treatment sessions and it was at the 20th treatment 

session that the correct use of her treated morphosyntactic form jumped from 0% to 90%. By the 

21st treatment session, that percentage jumped from 90% to 100% where it was maintained 

through the 24th and final treatment session.  

We started with 16 treatment sessions based on work using a similar technique (e.g., 

input-based, founded on concepts statistical learning) with a similar treatment intensity (e.g., 

ideally having two 30-minute sessions per week) to teach novel words to late talking toddlers 

(Alt et al., in preparation).  However, as completion of the allotted 16 treatment sessions 

approached, the clinicians began to notice an increase of verbal attempts and repetitions of the 

targeted form during the treatment sessions. However, through that time, generalization probe 

performance remained at 0% for all participants. At this time, we considered extending the study 

another eight treatment sessions to determine if additional doses would foster positive results. 

Additionally, since learning words and learning morphosyntactic forms are two different types of 

language learning, it was hypothesized that more doses might be required to produce positive 
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results when learning morphosyntactic forms than when learning words. Therefore, another eight 

sessions of treatment were offered to each participant. Due to important life events, Participant 1 

and Participant 3 were unable to continue receiving treatment.  

This information is relevant because it is possible that if Participants 1 and 3 had 

continued to receive treatment beyond 16 treatment sessions, they each might have made gains in 

the correct use of their treated morphosyntactic forms. When examining results from previous 

treatment studies using paradigms involving auditory bombardment and/or enhanced 

conversational recasting treatments with young children with language deficits, we see that some 

of their participants also needed more than 16 treatment sessions to produce favorable results. 

Five of the nine children participating in an enhanced conversational recasting treatment and one 

of three children participating in an auditory bombardment and enhanced conversational 

recasting treatment required more than 16 treatment sessions to produce generalization probe 

responses above 30% accuracy (Encinas & Plante, 2016; Plante et al., 2014). All participants in 

these studies received at least 20 treatment sessions, in contrast to the 16 sessions two of our 

participants received. Inadequate dose may have been a limiting factor for Participants 1 and 3.  

Other Factors  

Auditory highlighting may have assisted Participant 2 to perceive her targeted 

morphosyntactic form. After a few weeks of treatment, she would respond to generalization 

probes with the words “no” or “not” instead of the entire negative form “is not.”  Some research 

has shown that emphatic stress can help children to learn novel words (Weismer & Hesketh, 

1998). Therefore, clinicians began to use emphatic stress to emphasize the word “is” by slightly 

increasing their fundamental frequency (the perceptual correlate of fundamental frequency) and 

their loudness (the perceptual correlate of intensity). She soon began to use the phrase correctly 
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when repeating the clinicians during treatment sessions and eventually correctly used it during 

generalization probes. This cue was used only during treatment sessions and was faded as her 

production accuracy increased; it was not given during generalization probes. Further research is 

needed to determine the role of emphatic stress on morphosyntactic treatment outcomes.  

Other Indicators of Progress 

Beyond the primary outcome measure, other behaviors were observed that suggest 

positive language progression as a result of treatment. These are important to document because 

they provide further description and evidence of other potential measures of treatment success 

(Fey & Finestack, 2009). Although treatment for Participant 1 was not successful when using the 

metric of generalization probes, there was evidence that the treatment had a positive effect on his 

language usage.  Participant 1 attempted to respond to probes for his treated morphosyntactic 

form more frequently as treatment progressed. This may be explained by several factors. First, 

the frequent exemplars of the treated morphosyntactic form that he heard potentially increased 

his awareness of and familiarity with the morphosyntactic form. This familiarity may have 

encouraged him to attempt a response to the probe. Second, over time, he had become more 

comfortable with the therapy routine and environment and was more willing to respond verbally. 

Third, his increased responses may have been due to maturation.  However, explanations two 

and three do not account for his differential response for treated form versus the control form.  

This suggests that the increase of attempted responses to probes for his treated morphosyntactic 

form could be attributed at least in part to the actual administered treatment. His marginal 

increase in the use of his control form could be explained either by a developmental gain which 

resulted in the start of his acquisition of the control form or by a single instance of the control 

form that was learned in isolation, but not generalized across all instances.  
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Clinicians reported that both Participants 1 and 3 participated verbally more often during 

treatment sessions as treatment progressed. This increased verbal output could also be explained 

by the actual treatment that each participant received, each participants’ degree of comfort with 

the therapy routine and environment, the developmental gains of each participant over time, or 

(in the case of Participant 3 only) the consequence of therapy being received elsewhere. 

On a similar note, all parents reported that their children enjoyed attending therapy 

sessions. This indicated that the children were comfortable in the treatment environment and 

wanted to participate in therapy activities. As a consequence, relatively few negative behaviors 

were noted during therapy sessions and therapy was very rarely disrupted in any way due to 

unwanted behaviors. This is significant because even inexperienced graduate student clinicians 

were able to administer treatment with few behavioral difficulties. Thus, it seems that creating an 

environment and using therapy techniques requiring low demands was effective. It further 

indicates that this treatment is feasible as it is well tolerated by the participants and easy to 

administer within this treatment context (Fey & Finestack, 2009). From a practical standpoint, 

even Participants 1 and 3, who made no significant gains on the primary outcome measure, had a 

successful therapy experience.  By linking treatment to positive emotions, this could potentially 

encourage positive therapy behaviors and tolerance of other treatments in future therapy 

environments. This is particularly relevant when considering the demands on the parents of the 

children who are participating in therapy; if the child participates willingly in therapy with few 

negative behaviors, the demands on these parents will also decrease.  

Attention 

As suggested by Encinas and Plante (2016), the attentional capabilities of each of the 

children may have played a role in the success of this treatment. Considering that this treatment 
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is input-based, and that the amount and type of input provided is important to the success of 

treatment, then it is also important that the child actually attends to the input. If the child does 

not attend to the input, the treatment would likely be just as unsuccessful as if no input had been 

given at all. As such, clinicians were instructed to attempt to gain the child’s attention before 

performing each of the prescribed 24 unique exemplars by saying the child’s name, placing an 

item in the child’s field of vision, or tapping the child gently on the arm. Nevertheless, it is well 

documented that children with ASD frequently have difficulties with attention, and especially 

with joint attention (Loveland & Landry, 1986; Morgan, Maybery, & Durkin, 2003). 

Furthermore, joint attention deficits have been found to predict language abilities in young 

children with ASD, linking it as a possible barrier to learning implicitly (Toth, Munson, 

Meltzoff, & Dawson, 2006). It follows that the children who struggle the most with joint 

attention would also be those that respond the least to the prescribed treatment.  

In this study, this observation appeared to be true. Participant 1 had fair attention 

abilities. At times, it was difficult to redirect his attention from an item or activity that he was 

fixated on, but besides those moments, his attention was typically easy to obtain. While there 

was no effect on the generalization of his targeted morpheme, we did observe an increase in his 

participation as he attempted to verbalize more frequently during probes. Participant 2 had the 

best joint attention abilities of all three children: she actively engaged with the clinicians 

regularly and her attention was easily obtained or redirected; she responded the best to the 

treatment. However, it is important to again state that she also received eight more sessions of 

treatment than the other two participants, so it is impossible to disentangle the roles of attention 

and additional dosage. Participant 3 had the poorest attentional abilities. His attention was almost 

always difficult to obtain, maintain, and redirect. He had the poorest response to treatment of the 
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three children. Thus, it is possible that he did not respond to treatment due to his lack of attention 

to the input provided by the clinicians of his targeted morphosyntactic form. However, he might 

just have needed additional doses.  

Additional Considerations  

An additional consideration regarding Participant 3 is that during the course of treatment, 

he received and began to use an alternative and augmentative communication (AAC) device. 

This device was not utilized during treatment sessions because he received it during the middle 

of treatment and we did not want to change the protocol. However, his mother reported, and one 

clinician noted, that he used his device frequently for communicative purposes and navigated it 

efficiently outside of his treatment sessions. Research has shown that AAC devices are a viable 

treatment option for minimally verbal persons with ASD and that individuals of preschool age 

with ASD only (which matches Participant 3’s profile) have better outcomes than almost any 

other population (Ganz, Earles-Vollrath, Heath et al., 2011; Ganz, Earles-Vollrath, Mason et al., 

2011). Perhaps if the same treatment had been applied incorporating his AAC device, his interest 

in and attention to his device may have been sufficient to produce positive results in the 

acquisition of his targeted morphosyntactic form. This hypothesis, therefore, warrants future 

research. 

CONCLUSION 

This study showed that auditory bombardment and enhanced conversational recasting 

treatments designed to foster implicit learning effectively and efficiently helped one preschool-

aged child with ASD acquire and generalize a specific morphosyntactic form.  It had potential 

positive secondary effects on the other two participants, although they did not master their 

targeted morphosyntactic forms. The duration of this treatment was relatively short; even when it 

was extended, the maximum amount of time the child spent in treatment was a total of 12 hours 
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of therapy over 24 treatment sessions within 18 weeks.  This compares favorably to other 

therapies used to treat children with ASD (e.g., 27 hours of therapy over 5 treatment sessions 

within 1 week) which require sometimes enormous demands on time, money, energy, and other 

resources. Additionally, considering the paucity of research regarding viable treatment options 

(1) for treating individuals who are minimally verbal with ASD in general and (2) for treating 

morphosyntactic deficits in individuals with ASD, results from this study suggest that this 

treatment may be clinically viable for both. As this is a small, single-subject study, future 

research is needed to further explore the various factors that may have influenced the success of 

the treatment in each of the three participants, including dosage, attention, use of emphatic stress, 

and use of AAC. Overall, results from this study suggest that a combined auditory bombardment 

treatment and enhanced conversational recasting treatment approach designed to foster implicit 

learning can be an effective and efficient way to treat morphosyntactic deficits in some young 

children with ASD.  In addition, this format was well-tolerated by all participants, and has the 

potential to improve language usage and output.    
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