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Abstract 

 Purpose: This study examined the effect of high- vs. low-exemplar variability practice in the treatment 

of functional speech sound disorders in children. 

Method: Sixteen children with dual diagnoses of functional speech sound disorders and developmental 

language disorder received treatment for their speech sound errors. Treatment targeted a singleton speech sound 

in word-initial position, five-days per week during a six-week summer language program. Half of the children 

practiced their speech sound target in 24 unique words (high-exemplar variability practice condition) and the 

other half practiced production of their speech sound target in six unique words repeated four times each (low-

exemplar variability practice condition). Generalization probes were used to measure speech sound target 

learning. 

 Results: Both the high-variability and low-variability conditions produced significant change in the 

children’s use of their speech sound target posttreatment. No statistical difference was found between 

conditions; however, the low-variability condition evidenced slightly larger gains. 

 Conclusion: Differences in exemplar variability practice did not significantly influence treatment 

outcomes for children with functional speech sound disorders. Daily treatment sessions of short duration are a 

viable service-delivery model for the treatment of functional speech sound disorders.  
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Introduction 

In the field of speech-language pathology, treatment research aims not only to generate new and 

improved methods to provide therapy, but also to discover techniques that enhance existing, efficacious 

methods of therapy. One approach to enhancement is treatment efficiency. Treatment efficiency is characterized 

by identifying if one type of treatment or a particular aspect of treatment is superior to another (Olswang, 1990). 

In terms of childhood speech and language disorders, treatment efficiency translates to reductions in time for 

goal achievement in therapy, increased regular academic instruction for students, and notable savings for the 

individuals and entities bearing the financial costs of the therapy services. Increasing treatment efficiency, 

particularly for common speech and language disorders, can ultimately mitigate the emotional, academic, and 

financial impact of the disorder (Aram, Ekleman, & Nation, 1984; Aro, Laakso, Määttä, Tolvanen, & Poikkeus, 

2014; Brownlie, Jabbar, Beitchman, Vida, & Atkinson, 2007; Carroll & Dockrell, 2012; Conti-Ramsden & 

Durkin, 2012; Felsenfeld, Broen, & McGue, 1994; Harrison, McLeod, Berthelsen, & Walker, 2009; 

McCormack, McLeod, McAllister, & Harrison, 2009; Rice & Hoffman, 2015; Stothard, Snowling, Bishop, 

Chipchase, & Kaplan, 1998; Whitehouse, Watt, Line, & Bishop, 2009). Thus, investigating techniques to 

enhance efficiency for the treatment of common speech and language disorders is of high importance in 

research. 

Functional Speech Sound Disorders 

Definition. One of the most common childhood speech and language disorders is speech sound 

disorders (Eadie et al., 2015; Gierut, 1998; Law, Boyle, Harris, Harkness, & Nye, 2000; McAllister, 

McCormack, McLeod, & Harrison, 2011; Shriberg, Tomblin, & McSweeny, 1999). The American Speech-

Language-Hearing Association (ASHA) defines speech sound disorders as, “any combination of difficulties 

with perception, motor production, and/or phonological representation of speech sounds and speech 

segments…that impact speech intelligibility” (ASHA, n.d.). Distinctions are made between speech sound 

disorders of known and unknown etiologies. Speech sound disorders of known etiologies, also called organic 
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speech sound disorders, include motor-based speech sound disorders (e.g., childhood apraxia of speech and 

dysarthria), structurally-based speech sound disorders (e.g., cleft lip and palate), speech sound disorders 

attributed to syndromes and other developmental disorders (e.g., Down syndrome, autism spectrum disorder, 

genetic disorders), and sensory-based speech sound disorders (e.g., hearing impairment) (ASHA, n.d.). 

In contrast to organic speech sound disorders, there are no discernable causes that explain the atypical 

and/or delayed speech development of children with speech sound disorders of unknown etiologies (i.e., 

functional speech sound disorders). Traditionally, functional speech sound disorders have been explained in 

terms of deficits in a child’s phonological system (e.g., phonemic and cognitive-linguistic descriptions) or 

deficits in a child’s ability to articulate the speech sounds (e.g., phonetic and motor-based descriptions) (ASHA, 

n.d.). However, the dichotomy between phonemic and phonetic bases has been challenged in several ways. 

First, the development of early speech sound production requires the integration of cognition, language, and 

motor development (Nip, Green, & Marx, 2009, 2011). Second, it is challenging to separate the cognitive-

linguistic and motor difficulties experienced by children with functional speech sound disorders (ASHA, n.d.; 

Farquharson, 2015; Goffman, 2005; Stoel-Gammon & Dunn, 1985). This research suggests that, particularly 

during development, functional speech sound disorders may be associated with both phonetic (motor 

production) and phonemic (cognitive-linguistic) deficits. 

Several labels exist to classify and identify functional speech sound disorders. These labels demonstrate 

the researcher’s emphasis on what they believe may be the main deficit associated with the speech sound 

disorder. The terms include the following:  phonological disorders, developmental phonological disorders, 

articulation/phonology disorder, articulation disorders, speech sound disorders, speech delay, functional 

articulation disorders, functional speech disorders, functional phonological disorders, and phonological and/or 

articulation delays (ASHA, n.d.; Bernthal & Bankson, 2004; Dodd, Leahy, & Hambly, 1989; Gierut, 1998; 

Gierut, Morrisette, Hughes, & Rowland, 1996; McLeod & Baker, 2017; Shriberg & Kwiatkowski, 1982; 

Shriberg et al., 1999). For the purposes of this study, the term functional speech sound disorders, following 
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ASHA (n.d.) and Cummings and Barlow (2011), is preferred. The presence of functional speech sound 

disorders indicates that a child has difficulties in acquiring the phonemic and/or phonetic rules of their language 

in the absence of intellectual impairment, craniofacial anomalies, other genetic-based disorders or syndromes, 

motor impairments, or hearing impairment (Bernthal & Bankson, 2004; Farquharson, 2015; Gierut, 1998; 

McLeod & Baker, 2017; Shriberg et al., 2005; Stoel-Gammon & Dunn, 1985). 

Prevalence. Prevalence data for functional speech sound disorders is difficult to obtain due to diverse 

terminology, a variety of diagnostic procedures, and a multitude of reporting procedures (Shriberg et al., 1999). 

Despite this, several researchers have estimated prevalence rates for functional speech sound disorders. Current 

data indicates varied prevalence rates of 2.3% to 24.6% for functional speech sound disorders in children (Eadie 

et al., 2015; Law et al., 2000; Shriberg et al., 1999). The National Institute on Deafness and Other 

Communication Disorders has reported that approximately 10% of young children have functional speech 

sound disorders (NIDCD, 2016). Functional speech sound disorders represent 48.1% of 3- to10-year-old 

children with communication disorders (Black, Vahratian, & Hoffman, 2015). 

Whereas prevalence data for functional speech sound disorders indicate that it is an extremely common 

childhood disorder, it does not explain the disorder’s ramifications on the lives of individuals and their 

communities. The effects of this disorder negatively influence spoken language development and reduce 

academic and social successes. Research has demonstrated correlations between functional speech sound 

disorders and academic difficulties in the areas of reading, writing, and math (Bird, Bishop, & Freeman, 1995; 

Catts, 1993; Felsenfeld et al., 1994; McCormack, McAllister, McLeod, & Harrison, 2012; McCormack, 

McLeod, Harrison, & McAllister, 2010; McLeod & Baker, 2017; Overby, Carrell, & Bernthal, 2007). 

Additionally, children with functional speech sound disorders experience social-emotional difficulties and 

social isolation  (Daniel & McLeod, 2017; McCormack et al., 2009, 2012; McLeod, Daniel, & Barr, 2013; Rice, 

Hadley, & Alexander, 1993). These difficulties last into adulthood. Research has demonstrated that adults with 

a history of functional speech sound disorders continue to face challenges with language, obtain lower levels of 
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education, and occupy more jobs in unskilled labor compared to their peers (Felsenfeld, Broen, & McGue, 

1994). Its high prevalence and negative academic and social effects establish functional speech sound disorders 

as an important public health concern in our society. 

Speech-language pathology. Speech-language pathologists provide treatment to children with 

functional speech sound disorders. In 2016, approximately 90% of school speech-language pathologists 

reported providing speech sound disorder treatment (Janota, 2018). Despite the large number of speech 

language pathologists providing treatment, research on the efficiency and effectiveness of functional speech 

sound disorders treatment is limited (Baker & McLeod, 2011a). The current literature suggests that providing 

treatment produces better outcomes than not providing treatment (Law, Garrett, & Nye, 2004). Additionally, 

evidence suggests that providing more treatment hours is better than providing less treatment hours (Jacoby, 

Lee, Kummer, Levin, & Creaghead, 2002; Kaipa & Peterson, 2016; Law et al., 2004). However, much 

uncertainty exists about specific treatment parameters that improve the efficiency of functional speech sound 

disorders treatment.  

Treatment Research and Functional Speech Sound Disorders 

Several researchers have focused on the efficacy of different treatment approaches for functional speech 

sound disorders (Baker, 2006; Baker & McLeod, 2004, 2011a, 2011b; Kaipa & Peterson, 2016; Mcleod & 

Baker, 2014; Schooling, Venediltov, & Leech, 2010; Sugden, Baker, Munro, Williams, & Trivette, 2018; Wren, 

Harding, Goldbart, & Roulstone, 2018). Despite research on a variety of these approaches, a consistent and 

significant difference in treatment outcomes has not yet been established (Baker & McLeod, 2011a; Gierut, 

1998; Gierut et al., 1996; Kamhi, 2006). In fact, evidence suggests that several different approaches are 

efficacious for children with functional speech sound disorders (Baker & McLeod, 2011a; Gierut, 1998). What 

is not yet clear is the impact of specific in-treatment factors within these approaches. In-treatment dosage 

factors, for example, may enhance both the effectiveness and efficiency of speech sound disorder treatments. 

Dosage refers to treatment parameters such as specific active elements and their amounts, distribution, duration, 
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etc. in treatment (Schooling et al., 2010; Warren, et al., 2007). In the majority of the functional speech sound 

disorders treatment studies, dosage factors are not consistently reported or specified, undermining the ability to 

interpret treatment studies relative to their efficacy and efficiency (see Allen, 2013; Baker & McLeod, 2011a; 

Gierut, 2005; Schooling et al., 2010; Sugden et al., 2018; Wren et al., 2018). This leaves speech-language 

pathologists with little information on what works best in treatment. Notably, speech-language pathologists 

often “mix-and-match” different aspects of several intervention approaches to treat their patients (Lancaster, 

Keusch, Levin, Pring, & Martin, 2010). 

Treatment target selection. One major issue in the discussions on functional speech sound disorders 

treatment is speech sound target selection. Due to the lack of differences in treatment approach outcomes, 

Gierut (1998) concluded that it is more efficient to focus on the treatment targets rather than the selection of 

specific treatment approaches. Debate on treatment targets has mainly focused on normative/traditional versus 

complexity theoretical approaches to speech sound target selection (see Gierut, 1989, 1998, 2001, 2005, 2007; 

Kamhi, 2006; Rvachew, Leroux, & Brosseau-Lapre, 2014; Rvachew & Nowak, 2001, 2003; Tyler, Lewis, 

Haskill, & Tolbert, 2003). The normative/traditional theoretical approach prioritizes target selection based on 

normal aspects of speech sound development. Under this approach, early developing sounds are targeted prior 

to later developing sounds based on normal speech sound acquisition (e.g., Rvachew & Brosseau-Lapre, 2012, 

2015, Rvachew & Nowak, 2001). The normative/traditional approach to target selection proposes that efficient 

clinical improvement occurs when children are first treated for sounds that are (1) produced by the child in 

facilitative contexts with clinical support, (2) produced correctly albeit inconsistently by the child, and (3) based 

on normative data considered to be early developing sounds (i.e., produced correctly and consistently) 

(Rvachew & Nowak, 2001). In contrast, the complexity approach proposes that speech sound treatment 

selection first target later developing sounds for which the child demonstrates the least amount of productive 

phonological knowledge (i.e., the child demonstrates 0% accurate production of the targeted sound and is 

unable to produce the targeted sound in facilitate contexts with clinical support) (Gierut et al., 1996). The 
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complexity approach to target selection is based on implicational language laws which posit accurate production 

and knowledge of later developing sounds presupposes knowledge and production of earlier developing sounds 

(Gierut, 2001). Based on complexity theory, initial targeting of later developing sounds (i.e., more complex 

sounds) with least phonological knowledge leads to improvement of the treated sounds and untreated speech 

sounds within- and across-manner classes of sounds, including less complex, earlier developing sounds (Gierut 

2001, 2007; Gierut et al., 1996). Previous research demonstrates strong support for the complexity approach, 

particularly for children with moderate-to-severe speech sound disorders (Gierut, 2001; Gierut & Hulse, 2010; 

Morrisette, Farris, & Gierut, 2006; Storkel, 2018a, 2018b). The proponents of the complexity approach point to 

greater treatment efficiency because clinical improvement extends to untreated speech sounds both within- and 

across- speech sound classes (i.e., system-wide change). The majority of the research on the complexity 

approach emerges from single-subject research designs. Further research utilizing group data is warranted. 

Treatment parameters. The complexity approach and normative developmental approach to target 

selection yield positive effects in treatment (Baker & McLeod, 2011; Gierut, 2001; Gierut & Hulse, 2010; 

Morrisette, Farris, & Gierut, 2006; Storkel, 2018a, 2018b;Rvachew & Brosseau-Lapre, 2012, 2015, Rvachew & 

Nowak, 2001). Notably missing from these discussions is a thorough examination and comparison of treatment 

parameters that may influence the efficiency of treatment outcomes. In a seminal research review, Warren et al. 

(2007) define important aspects of treatment parameters that must be specified for optimal treatment 

comparisons and decisions. These include the concepts of how and when treatment activities occur (e.g., 

frequency, intensity, duration, and context. Warren et al. (2007) recommend that treatment studies include 

vocabulary surrounding dosage. They note that under-specification of dosage parameters make it difficult for 

clinicians to compare and select the most effective and efficient methods with which to treat their patients. Per 

Warren et al., (2007), differences in dose (the active ingredient in the treatment), dose number (e.g., 25 versus 

50 trials per session), dose form (e.g., naturalistic versus drill interventions), dose rate and density (e.g., 

delivering a dose every 1 versus every 3 minutes), treatment context (individual versus group treatment), 
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treatment frequency (e.g., a 30-minute session scheduled 2 times versus 5 times per week), total treatment 

duration (e.g., 3 weeks vs. 3 months of treatment), and cumulative intensity (e.g., 100 vs. 1000 dose 

presentations) can all, in varying levels of isolation and combination, affect treatment outcomes.  

Recently, several reviews have emerged highlighting the lack of specification on treatment parameters 

for childhood speech sound disorders and the difficulty in making treatment comparisons for children from 

preschool to high-school years (Baker, 2006; Baker & Mcleod, 2008; Baker & McLeod, 2004, 2011a, 2011b 

Kaipa & Peterson, 2016; Law et al., 2004; Mcleod & Baker, 2014; Schooling et al., 2010; Sommers, Logsdon, 

& Wright, 1992; Sugden et al., 2018; Zeng, Law, & Lindsay, 2012). These reviews have attempted to capture 

available information on in-treatment factors, such as treatment intensity and duration, as they relate to 

efficiency and evidence-based practice (EBP). For example, Baker and McLeod (2011a) completed a narrative 

review of 134 speech sound disorder treatment studies. In their review, they identified 46 different intervention 

approaches and seven different target-selection approaches. The average treatment duration for speech sound 

disorders was 12 months with hours of intervention ranging from 17.5 to 130 hours. Several studies did not 

include important information surrounding dosage. In studies that included dosage information, Baker and 

McLeod (2011a) identified highly diverse treatment doses, dose numbers, treatment frequencies, and treatment 

durations across the reviewed studies. They concluded that clinicians face challenges in identifying optimal 

treatment parameters for evidence-based practice (EBP) in speech sound disorder treatment.  

In other systematic reviews, Kaipa and Peterson (2016), Law et al. (2004), Schooling et al. (2010) and 

Sugden et al., (2018) also characterized available information on optimal treatment parameters. They found that 

longer treatment durations or higher treatment intensities were needed for more effective outcomes. Expert 

clinical opinion also addresses this point. In a treatment commentary, Williams (2012) suggested that treatment 

of at least 30, thirty-minute sessions with a minimum of 50 target sound production practice trials tends to result 

in more effective treatment. For children with more severe disorders, Williams (2012) recommended at least 40, 

thirty-minute sessions with a minimum of 70 target sound production practice trials to achieve treatment 
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benefit. However, this conclusion was reached without consideration of the relative effectiveness of the 

treatment procedures and parameters themselves.  

Lexical aspects of treatment words. A small number of researchers have also characterized the lexical 

aspects of treatment words as a way to enhance learning outcomes (Cummings & Barlow, 2011; Gierut & 

Morrisette, 2012a, 2012b; Morrisette & Gierut, 2002; Storkel, 2018a, 2018b). These lexical aspects are defined 

in terms of word frequency (i.e., how often a word appears in corpus), neighborhood density (i.e., how many 

phonologically similar neighbors a word possesses), and lexical age of acquisition data. Storkel (2018a) 

completed a review of these studies and found that several evidence-based options exist for the selection of 

treatment words based on lexicality considerations. In her review of previous literature, Storkel (2018a) 

recommended that clinicians consider one of the following five word-lexicality types for their selection of 

treatment words: (1) words that are both high-frequency and high-density, (2) low-frequency and high-density 

words, (3) high-frequency and mixed-density words, (4) low-frequency and late-acquired words, or (5) 

nonwords. Notably, several of the studies on treatment word lexicality were single-subject research designs did 

not control for the treatment parameter of production trials (i.e., dose number) across subjects (Cummings & 

Barlow, 2011; Gierut & Morrisette, 2012a, 2012b; Morrisette & Gierut, 2002; Storkel, 2018a, 2018b). 

More recently, Cummings et al. (2019) found no significant differences between three different word 

lexicality types (e.g., nonwords versus academic words versus high-frequency words) in the treatment of 

functional speech sound disorders. The authors attempted to hold production trials constant, but noted that this 

particular parameter was not achieved due to child behavioral challenges. It is possible that the parameter of 

dose number, referenced as production trials, may impact the effect of treatment outcomes even when 

considering word lexicality. 

Treatment schedule intensity. In an effort to identify more precise information on treatment intensity, 

Allen (2013) evaluated the effect of specific treatment intensities. She manipulated treatment frequency as a 

part of a multiple oppositions intervention approach to functional speech sound disorders treatment. Allen 
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(2013) compared providing one treatment session per week to three treatment sessions per week. No home 

treatment program was provided. Total number of sessions was held constant. Allen (2013) discovered that a 

higher intensity of dose frequency resulted in better phonological production outcomes for children with 

functional speech sound disorders. However, she also identified the lack of control for dose parameters across 

participants as a limitation. Dose number, defined as the number of child production trials, varied across 

participants in her study. Dose number inconsistency was also complicated by the differing number of targets 

for each participant. Allen (2013) noted that attention to dose number as a factor in treatment efficiency should 

be considered in future experimental manipulations. She concluded that more research is needed to understand 

the best combination of treatment parameters for functional speech sound disorders treatment. 

Cummings et al. (2019) also examined treatment intensity for children with functional speech sound 

disorders. They examined the effect of different numbers of intervention sessions (19- versus 11-sessions, 

attempting to hold dose number per session nearly constant) in a drill-play treatment procedure. The duration of 

individual treatment sessions was 50-minutes over 7-12 weeks of treatment. Both intervention intensity 

schedules (19- and 11- sessions) led to strong treatment effects. However, they discovered that children in the 

19-session condition demonstrated significantly better learning outcomes than did children in the 11-session 

condition. Similar to previous studies (Law et al., 2004), they concluded that more treatment is better than less 

treatment. However, Cummings et al., (2019) reported that several children did not meet the treatment dose 

number of 100 trial productions per session for their treatment target (i.e., phoneme targets). Overall, dose 

number varied across children and conditions. The lack of dose number control may have also influenced their 

results. 

Treatment parameters: The critical gap. Overall, much of the current literature on speech sound 

disorder treatment research neglects the comparison of treatment parameters or fails to control important 

treatment parameters (i.e., dose number) that influence treatment outcomes. Previous research has demonstrated 

treatment efficacy for several overall treatment approaches as well as the theoretical perspectives that drive 
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treatment goal selection (Baker & McLeod, 2011; Gierut, 1998; Gierut & Hulse, 2010; Storkel, 2018a, 2018b). 

What is not clear from the current literature is the impact of varied types of treatment parameters on the 

efficiency of speech sound production outcomes. In other words, there is a critical gap in understanding what 

influences treatment efficiency within overall treatment. Because of the efficacy of several treatment 

approaches, investigating strategies that maximize learning for treatment procedures within treatment 

approaches may provide clarity on more efficient methods.  

Statistical Learning and Language Acquisition 

There is a rapidly growing literature on statistical learning theory and its relation to language acquisition 

(Erickson & Thiessen, 2015; Romberg & Saffran, 2011). Statistical learning theory posits that learners 

implicitly engage in computing probabilities to acquire knowledge about their environment (Saffran, Aslin, & 

Newport, 1996). In regard to language acquisition, learners use a statistical learning mechanism to track 

linguistic patterns in their input. When tracking the statistical information in their input, they extract and 

integrate regularly occurring patterns in order to identify and categorize phonemes, segment word forms and 

word boundaries, and learn grammatical structures (see Erickson & Thiessen, 2015; Romberg & Saffran, 2011). 

Statistical learning appears to play an important role in language acquisition. 

Researchers have traditionally utilized artificial language studies to demonstrate the implicit ability of 

learners to track these statistical regularities (Batterink, Reber, Neville, & Paller, 2015; Gómez, 2002; Gómez & 

Gerken, 1999; Lany & Gómez, 2008; Torkildsen, Dailey, Aguilar, Gómez, & Plante, 2013). In so doing, they 

have manipulated linguistic structures of these artificial languages for the purpose of identifying important 

aspects of the input that generate learning. In a seminal study, Gómez (2002) identified variability as one of 

these aspects. Gómez (2002) exposed adults and 18-month-old infants to an artificial grammar composed of 

three-element word strings. The three-element word strings contained statistically regular non-adjacent 

dependencies similar to natural language grammar structures like auxiliary –ing (e.g., The dog is eating). The 

grammar followed an aXb format whereby the first element (a) predicted the third element (b) and the middle 
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element (X) varied (e.g., aXb = pel-wadim-rud, pel-kicey-rud). The middle element varied across different 

experimental conditions ranging from 3 unique X elements (e.g. low-exemplar variability) to 24 unique X 

elements (e.g., high-exemplar variability). Gómez (2002) found that both adults and infants learned the non-

adjacent dependency significantly better when exemplar variability of the middle element was highest. 

Conclusions from the Gómez (2002) study indicated that linguistic input can be manipulated to focus learners’ 

attention on particular linguistic structures. Because learners seek statistical regularities, the manipulation of 

exemplar variability increases the emphasis on the stable aspects of the linguistic input. Therefore, high 

variability of non-targeted linguistic structures serves to increase the focus on and learning of targeted linguistic 

structures in linguistic input. 

The principle of variability has been applied to the study of different learning contexts. For example, 

Grunow, Spaulding, Gómez, and Plante (2006) replicated Gómez’s (2002) study with adults with language 

disorder. They found no statistical difference in learning between the normal and impaired participant groups, 

and evidence that both learned the grammar. However, a significant and positive effect of high-input variability 

was found for both groups. All participants learned more in the high-variability condition for both trained and 

untrained items, but adults with language disorder did not learn at the same rate as their normal language peers. 

Importantly, findings of this study indicated that adults with language disorder still benefitted from high 

variability for learning grammatical structures (i.e., non-adjacent dependencies). 

Additional studies have examined the effect of variability on learning outcomes in the context of 

language disorder. Torkildsen et al. (2013) studied the effect of variability on learning of grammatical structures 

in adults with language disorder. Instead of using a non-adjacent dependency, Torkildsen et al. (2013) included 

an artificial grammar that manipulated variability within adjacent dependencies. In an adjacent dependency, the 

presence of one grammatical element co-occurs with the presence of another grammatical element. Unlike non-

adjacent dependencies, there are no intervening elements between the grammatical elements. An example of an 

adjacent dependency in English is article + noun constructions (e.g., the dog, a cat). In this example, the article 
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always precedes the noun. The stimuli in the Torkildsen et al. (2013) utilized an aX and Yb where each letter 

represents a non-word of the artificial grammar. The a and b elements of the grammar were one-syllable 

nonwords (e.g., a=poe and b=koo) that functioned like articles. The X and Y elements were highly variable one- 

and two-syllable non-words (respectively). The X and Y elements were paired with the constant a and b 

elements (e.g., aX= poe-jeb, Yb=ritva-koo). Learning was characterized as a participants’ ability to correctly 

identify the grammar above chance levels at test. Torkildsen et al. (2013) found that normal adults were able to 

learn in both the high and low variability conditions for both trained and untrained grammatical strings. For 

adults with language disorder, they found that only participants in the high-variability condition demonstrated 

learning of the adjacent dependencies for trained and untrained grammatical strings. This study demonstrated 

that adults with language disorder were able to learn an artificial grammar after minutes of exposure in the same 

way as their normal language learning peers when high-variability input was utilized.  

Current work in natural language has also identified the benefits of variability, specifically exemplar 

variability, for word learning and decoding (Aguilar, Plante, & Sandoval, 2018; Apfelbaum, Hazeltine, & 

McMurray, 2013; Bourgoyne & Alt, 2017; Perry et al., 2010). Several studies have reported that high-exemplar 

variability in word learning and decoding activities increases the efficiency of training, even for those with poor 

language skills. This finding occurs in trained items as well as generalizes to untrained items (i.e., 

generalization to novel items). For example, Perry et al. (2010) found that exemplar variability, as opposed to 

item similarity, supported an increase in the learning of object categories as well as overall word learning skills 

in toddlers. Aguilar et al. (2018) extended this finding with preschool children with language disorder. They 

reported training of vocabulary linked to multiple and diverse object exemplars led to better retention of new 

words than training under a low variability exemplar condition. Apfelbaum et al. (2013) similarly discovered 

the benefit of exemplar variability in word decoding. They trained children on vowel grapheme-phoneme 

correspondences using variable consonant frames or similar consonant frames. Children receiving the variable 

exemplars demonstrated better learning and generalization. This held true for children with both high and low 
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initial reading skills. Notably, children with higher initial reading skills only learned in the variable condition. 

Lastly, Bourgoyne and Alt (2017) found that college students with and without language disorder demonstrated 

better generalization of learned biological concepts when high-variability visual input was incorporated in their 

training. 

Variability and the Treatment of Language Disorder  

Researchers have also demonstrated the beneficial effects of variability in the treatment of language 

delay/disorder (Alt, Meyers, & Ancharski, 2012; Plante & Vance, 2018). Alt, Meyers, Oglivie, Nicholas, and 

Arizmendi (2014) provided an input-based treatment to toddlers with expressive language delay. The children’s 

target vocabulary was presented in at least five unique activities and variable utterance frames. The number of 

target vocabulary word productions was compared to the number of productions for untrained control words. 

Although variability was not specifically manipulated, Alt et al. (2014) found that the toddlers acquired more 

target words than the control words following a treatment that incorporated variability in the sentence structures 

and activities in which the target vocabulary words were presented. They also found that the toddlers 

generalized their word-learning skills as demonstrated in increases in their expressive vocabulary.  

Plante et al. (2014) also demonstrated improved treatment outcomes when incorporating the variability 

principle in their treatment of morphosyntactic errors in children with developmental language disorder. In their 

study, clinicians used an input-based approach to treat child-specific morphological targets with either a high- 

or low-exemplar variability. Dose was held constant across condition, but the number of exemplars (i.e., 

treatment words) differed. Clinicians presented 24 unique words one time each in the high-exemplar variability 

condition. In the low-exemplar variability condition, they presented 12 words two times each as a part of the 

input-based treatment. The use of high-exemplar variability led to more accurate and generalized use of the 

morphologic targets compared to low-exemplar variability.  

Lastly, Aguilar et al. (2018) discovered learning was more successful when variability as opposed to no-

variability was used to teach new words to preschool children with developmental language disorder. Based on 
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a previous study by Perry et al. (2010), Aguilar et al., (2018) manipulated object referent variability when 

training new vocabulary. In the variable condition, three of the same objects, but with small differences, were 

used to teach children a new vocabulary word. In the no-variable condition, only one object was used to train 

children the new vocabulary word. Overall, incorporating variability into treatment appears to facilitate learning 

success for children with language delay and developmental language disorder. 

The above studies indicate three important concepts related to variability. First, variability as a part of 

learning theory drives multiple aspects of normal language acquisition. Second, these studies demonstrate that 

the specific manipulation of high-exemplar variability serves to increase the rate and success of learning for 

statistically stable linguistic structures. This learning occurs in both children and adults with normal as well as 

impaired language learning backgrounds. Finally, the current evidence suggests that high-exemplar variability 

enhances clinical treatment outcomes in the language domains of morphology and semantics.  

Based on conclusions from these studies, phonology is another potential language treatment domain that 

may benefit from high-exemplar variability. Recall that functional speech sound disorders are characterized by 

deficiencies in the acquisition of a language’s speech sound rules (i.e., phonology). High variability of non-

target structures increases acquisition of stable linguistic rules for children with development language disorder. 

Therefore, high-exemplar variability may increase the efficiency by which children with functional speech 

sound disorders and developmental language disorder effectively learn linguistic rules within the language 

domain of phonology.  

Variability and Principles of Motor Learning 

Motor learning is defined as “a set of processes associated with practice or experience leading to 

relatively permanent changes in the capability for skilled movement” (Schmidt & Lee, 2011, p. 327). Principles 

of motor learning identify practice variability as an important aspect of learning skilled movements (Maas, 

Robin, & Wulf, 2008; Schmidt & Lee, 2011). Based in schema theory, variability in practice contexts (e.g., 

practicing throwing a baseball at a variety of different distances from the target) enriches the learner’s motor 
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skill mental representation (Moxley, 1979; Schmidt, 1975; Schmidt & Bjork, 1992; Schmidt & Lee, 2011). This 

is done by requiring him/her to identify the main aspects of the motor performance needed to accomplish the 

motor goal in the face of variable contexts (Schmidt, 1975; Schmidt & Bjork, 1992; Schmidt & Lee, 2011). 

Schema theory explains that the learner must continue to retrieve the mental representation and identify the 

important aspects for implementation no matter the context. In this way, the critical features of the new motor 

skill representation are strengthened (Moxley, 1979; Schmidt, 1975; Schmidt & Bjork, 1992; Schmidt & Lee, 

2011). This is in contrast to constant practice (i.e., drill on a small number of exemplars) of new motor skills. 

Constant practice relies on automatized representations that come from repeated practice in one consistent 

context. While initial acquisition of the motor skill may not appear as efficient as constant practice in a single 

context drill (e.g., consistently practicing throwing a baseball for one distance alone), research has demonstrated 

that the motor learning is retained better over time with variable practice (Moxley, 1979; Schmidt & Bjork, 

1992; Schmidt & Lee, 2011). Moreover, this learning transfers to new contexts whereas constant drill practice 

shows little transfer to new contexts (for examples, Catalano & Kleiner, 1984; Moxley, 1979; Newell & 

Shapiro, 1976; Schmidt & Bjork, 1992; Schmidt & Lee, 2011; Stokes, Lai, Holtz, Rigsbee, & Cherrick, 2008; 

Wulf & Schmidt, 1997).  

Principles of motor learning also may apply to the motor learning of speech sound production. Speech 

sound production requires retrieval of speech sound motor programs for varied productions across word 

positions and co-articulatory contexts. This occurs across whole words and running speech. Maas et al. (2008), 

in their review of principles of treatment, noted that variable practice may increase generalization of speech 

sound motor skills in populations with motor-based speech sound disorders. Variable practice is defined as 

practicing a treatment sound target in different motor production contexts (e.g., different syllables, rates of 

production and prosody, different response modes, etc.). This is in contrast to constant practice in restricted 

motoric contexts. In the latter case, a specific speech motor program may be stored and automatically retrieved 

without transferring to a variety of contexts. Preliminary evidence exists for the use of motor-based learning 
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treatments for children with childhood apraxia of speech (Maas, Gildersleeve-Neumann, Jakielski, & Stoeckel, 

2014). 

Variability and the Treatment of Functional Speech Sound Disorders 

As defined above, children with functional speech sound disorders demonstrate difficulty in learning 

their language’s speech sound system. In the absence of a specific etiology, speech sound errors can be 

attributed to a variety of factors. For example, errors may be attributed to motor speech difficulties in 

production of a particular sound, inability to accurately perceive a sound, storage of an incorrect motor speech 

program, an incorrect phonotactic constraint on the use of the sound, misrepresentation of the adult 

phonological target, as well as any combination of these causes (Stoel-Gammon & Dunn, 1985). In a 

developing system, a child is learning both the phonetic and phonological features of speech sounds. Because of 

this, it is challenging to isolate either a purely phonetic (e.g., the motor and articulation aspects) or phonemic 

(e.g., cognitive and linguistic aspects) reason for a child’s speech sound errors (Bernthal & Bankson, 2004; 

Farquharson, 2015; Gierut, 1998; Goffman, 2005; Stoel-Gammon & Dunn, 1985). Treatment addressing 

functional speech sound disorders typically targets phonological and phonetic learning (Bernthal & Bankson, 

2004). 

Researchers in both speech-language pathology and motor learning have identified different ways to 

characterize learning. Whereas speech sound disorder treatment studies utilize the terms performance during 

treatment, generalization, and maintenance or retention, the motor learning literature uses the corresponding 

terms of acquisition, transfer, and retention (Baker & McLeod, 2004; Maas et al., 2008; Olswang & Bain, 

1994). Performance during treatment (referred to as acquisition in motor learning) provides information as to 

how individuals respond to treatment and if the treatment procedures are beneficial to the individual (Olswang 

& Bain, 1994; Baker & McLeod, 2004; Maas et al., 2008). Performance during treatment is not indicative of 

learning. Learning is defined as generalization of a learned skill to a new task and/or retention of the skill. In 

language treatment research, generalization is considered the key treatment outcome (Kamhi, 2014). The goal 
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of treatment is to ensure that patients are using their skills outside of a therapy context. Learning as 

generalization occurs when treatment of speech sound production skills transfers to an untrained context (e.g., 

untrained words).  

Learning as retention is characterized as the persistence of the learned skill during a specified period 

following practice trials (Maas et al., 2008; Schmidt & Lee, 2011). The motor learning literature describes 

retention similarly to transfer (i.e., generalization) in that they both refer to persistence of a learned skill. 

However, the difference is in testing. Transfer testing refers to untrained contexts, whereas retention testing 

often refers to trained contexts after a specified period of time (Schmidt & Lee, 2011). For the purposes of the 

present study, learning is defined in terms of generalization and retention. Retention is defined in terms of 

retention of generalized learning. This is because a primary concern of functional speech sound disorders 

treatment is generalized learning outside of treatment contexts (Baker & McLeod, 2004; Bernthal & Bankson, 

2004; Gierut, 1992, 1998, 2005; Gierut et al., 1996; Maas et al., 2008; Olswang & Bain, 1994).  

Only a few studies have examined aspects of practice variability in the treatment of children with 

functional speech sound disorders. These studies were conducted by Skelton and colleagues and focused on 

children with functional speech sound disorders and predominately normal language skills (Skelton, 2004; 

Skelton & Funk, 2004; Skelton & Richard, 2016). Skelton (2004) and Skelton and Funk (2004) both examined 

intermixing the level of task difficulty (e.g., production of the treated sound in nonsense syllables, single words, 

sentences, conversation) in the treatment of singleton speech sound errors for children with functional speech 

sound disorders. Instead of moving from easy- to hard-tasks as is traditionally done in speech sound treatment, 

both studies randomized easy- and hard-tasks within each treatment session (concurrent task sequencing). The 

treatment target was randomized across four different word-positions (word-initial, word-final, intervocalic, and 

word-initial cluster) with 10 exemplars per word position (e.g., 40 exemplars). The children in Skelton (2004) 

(n=2) and Skelton and Funk (2004) (n=4) ranged in age from 4;0-7;0. They demonstrated acquisition as well as 

learning (both generalization and retention) of their treated sound following the concurrent task sequencing 
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treatment. While these studies provide feasibility evidence for the use of variability in task complexity 

(concurrent task sequencing), they lacked controls for dose number and did not experimentally test concurrent 

task sequencing. 

In a later study, Skelton and Richard (2016) compared concurrent task sequencing treatment to a no-

treatment control for children with mild articulation errors in public school speech improvement class. The 

experimental treatment group (n=16) received treatment in small groups of four children in 30-minute sessions 

at a rate of two times per week for 20 weeks. The control group (n=12) received no-treatment during the same 

time period, but was eligible for treatment after the 20 weeks. Skelton and Richard (2016) found that the 

experimental group learned significantly better than children in the no-treatment group at posttreatment. 

However, several treatment parameters were not controlled and were difficult to control due to group treatment 

dynamics (e.g., dose number, feedback provision, time on task). 

The few studies on motor learning treatment for functional speech sound disorders, as well as previous 

research in learning theory-based language treatment and motor learning, provide evidence that variability in 

treatment parameters supports more efficient and effective learning in treatment. Application of the variability 

principle (Plante & Gómez, 2018) for the treatment of functional speech sound disorders in children with 

developmental language disorder may also produce these types of learning outcomes. As mentioned above, the 

use of high-exemplar variability not only increases accuracy and learning rates for adults and children with 

language disorder, but also promotes the generalization of their learning. The motor learning literature also 

supports the use of the variability principle over constant practice for generalization and retention of learning 

across diverse contexts. In addition, preliminary evidence exists for motor learning treatment protocols in the 

treatment of functional speech sound disorders. However, it is unknown how differing levels of exemplar 

variability (e.g., high- vs. low- exemplar variability) impact treatment outcomes and how these effects would 

impact children with both functional speech sound disorders and developmental language disorder. It is 

important to study children with this profile because the majority of children with functional speech sound 
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disorders also present with developmental language disorder (Eadie et al., 2015; Shriberg & Kwiatkowski, 

1994) 

Exemplar variability. In review of the literature, it is unclear as to how high- versus low-exemplar 

variability practice (i.e., number of unique words practiced) influences speech sound disorder treatment 

outcomes. However, a previous study by Elbert, Powell, and Swartzlander (1991) is often cited relative to this 

issue. In their post-hoc report, they separately examined the acquisition of 29 treatment targets (e.g., pooled 

across children) based on the number of unique word pairs treated within a minimal-pair treatment approach. 

Elbert et al. (1991) found that some variability was required to induce learning. They identified that a minimum 

of three exemplars (e.g., six words as a part of three minimal pair contexts) was needed to reach their 

generalization criterion for 59% of the 29 targets. Elbert et al. (1991) noted that their study was not designed to 

examine the differential effects of exemplar variability practice on speech sound target learning and 

recommended an empirical examination of high- versus low- exemplar variability practice in treatment. 

Therefore, the critical gap they first identified still remains in terms of understanding how the variability 

principle may influence treatment efficiency and effectiveness. If high-exemplar variability practice assists 

learning as it does for other aspects of language treatment and for motor learning, it will lead to more efficient 

and effective learning outcomes. 

Purpose 

The purpose of the present study is to examine the effect of exemplar variability practice on speech 

sound learning in the treatment of functional speech sound disorders in children with developmental language 

disorder. Current estimates suggest that 10-70% of children with functional speech sound disorders also present 

with developmental language disorder (Eadie et al., 2015; Shriberg & Kwiatkowski, 1994). Problems in 

multiple language domains suggest that these children have difficulty with language learning in general (Tyler, 

2002). So far, studies have demonstrated that children with developmental language disorder benefit from high-

exemplar variability in multiple language-based interventions (Apfelbaum et al., 2013; Aguilar et al., 2018; Alt 
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et al., 2014; Meyers-Denman & Plante, 2016; Plante et al., 2014). In addition, Skelton and colleagues (Skelton, 

2004; Skelton & Funk, 2004; Skelton & Richard, 2016) have demonstrated positive learning outcomes using 

task complexity variability for children with functional speech sound disorders. The objective of this proposal is 

to extend these findings to the treatment of functional speech sound disorders in children with developmental 

language disorder. 

The present study characterizes the effect of exemplar variability practice on speech sound learning. 

Specifically, I systematically compare the production accuracy of speech sounds based on the presentation of a 

large number of exemplars (e.g., high-exemplar variability practice condition) versus a small number of 

exemplars (e.g., low-exemplar variability condition) in the treatment of speech sound targets. Exemplars are 

defined as unique treatment words with the target sound in word-initial position. Production trials are held 

constant across conditions.  

This study includes two hypotheses. The first hypothesis is that children in both high- and low-exemplar 

variability conditions will learn from treatment as evidenced by increases in the accurate production of their 

speech sound target following treatment. This hypothesis is based on research that treatment is better than no 

treatment for children with functional speech sound disorders (Law et al., 2004) and that the majority of 

children with functional speech sound disorders benefit from treatment when few exemplars are used (Elbert et 

al., 1991).  

The second and primary hypothesis of the present study is that the children in the high-exemplar 

variability practice condition (high-variability condition) will demonstrate stronger evidence of learning 

following treatment than children in the low-exemplar variability practice condition (low-variability condition). 

High-exemplar variability practice is hypothesized to enhance learning outcomes based on principles of motor 

learning and learning theory-based language interventions. Principles of motor learning suggest that learning a 

motor skill in more varied contexts enhances learning. Learning theory-based language interventions suggest 

that high variability of extraneous aspects of the input (and therefore regularity of the target) supports effective 
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and efficient learning of targeted linguistic structures following treatment. As the underlying deficits in 

functional speech sound disorders are associated with both phonetic (motor) and phonological (linguistic) 

deficits, it is hypothesized that the high-variability condition will evidence stronger learning outcomes 

following treatment. This study aims to characterize the treatment parameter of exemplar variability in the 

treatment of functional speech sound disorders. In addition, it seeks to increase understanding of dosage factors 

that influence treatment efficiency and effectiveness for children with dual diagnoses of functional speech 

sound disorders and developmental language disorder.  
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Methods 

Human Subjects 

The Institutional Review Board at the University of Arizona approved the experimental tasks and 

procedures used in this study. In addition, parental consent was obtained prior to the onset of participation. 

Participants 

Sixteen children, ages 4;2 (years; months) to 5;11 (M = 5;3, SD=7.5), with dual diagnoses of functional 

speech sound disorders and developmental language disorder participated in the present study. Children were 

recruited as a part of an ongoing daily summer research program for children in Tucson, AZ. During the study, 

children did not receive outside speech treatment. Eight children were assigned to the high-exemplar variability 

practice treatment (high-variability condition) and eight children were assigned to the low-exemplar variability 

practice treatment (low-variability condition). Pseudorandomization was used for participant assignment to 

balance age, severity of speech sound disorder, and speech sound targets across conditions. There was no 

significant difference of age, t(14)=0.45, p>0.05, d=0.07), or severity of speech sound disorder based on a 

standardized articulation assessment (see discussion below) between the two treatment conditions. In addition, 

singleton speech sound targets were balanced across conditions to ensure that an equal number of middle- and 

late-acquired English sounds (Shriberg, 1981) were targeted in both conditions.  

Language status. All children in the study were native English speakers. Children in the study were 

recruited from English-speaking daycare, preschool, and elementary school programs. Native English language 

status was determined by caregiver report. Three children were exposed to another language at home (Spanish). 

These children were all characterized as predominantly monolingual following Fabiano-Smith's and Hoffman's 

(2017) and Fabiano-Smith's and Cuzner's (2018) criteria for children whose caregivers reported exposure to a 

language other than English. These criteria are: (1) the caregiver reported that the child only spoke English, (2) 

the caregiver reported that the child was minimally exposed to another language, and (3) the child was unable to 

provide a Spanish sample during initial testing.  
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Diagnostic criteria. Both functional speech sound disorders and developmental language disorder are 

defined by the presence of abnormal development (in speech and language, respectively) in the absence of 

hearing, intellectual, behavioral, and/or neurological disorders and impairments (ASHA, n.d.; Leonard, 1998; 

Plante, 1998). Caregiver report was used to determine that each participant’s medical history excluded sensory, 

intellectual, behavioral, and neurological impairments or disorders. Children also completed a battery of tests to 

rule out hearing and intellectual impairment as well as to confirm the presence of functional speech sound 

disorders and developmental language disorder. Participant demographic information and test performance data 

are found in Table 1. To rule out hearing impairment, children passed a pure-tone hearing screening at 20dB at 

1000, 2000, and 4000 Hz. To rule out intellectual impairment, children were excluded from the study if they did 

not achieve a nonverbal IQ score of 75 or greater (70 +5 SEM) on the Nonverbal Scale (NVI) of the Kaufman 

Assessment Battery for Children – Second Edition (K-ABC II; Kaufman & Kaufman, 2004). There was a 

significant difference between the conditions for the K-ABC II, t(14)=2.14, p=0.01, d=1.41, favoring higher IQs 

in the low-variability condition. Correlation analyses were completed to analyze how this difference affected 

results on the outcome measure of this study. 

Criteria for functional speech sound disorders. Functional speech sound disorders are defined as 

difficulty in acquiring age-appropriate speech sound production skills in absence of sensory, intellectual, 

behavioral, and/or neurological disorders (ASHA, n.d.; Cummings & Barlow, 2011; Gierut, 1998; Shriberg & 

Kwiatkowski, 1982). In order to participate in the present study, the children met the following criteria: (1) 

received a standard score of 80 or less when compared to their gender- and age-matched peers on the Goldman-

Fristoe Test of Articulation, Third Edition (GFTA-3; Goldman & Fristoe, 2015), (2) demonstrated a minimum 

of two speech sound errors based on their GFTA-3 performance, and (3) exhibited typical oral-motor structure 

and function based on their performance on a modified version of the Clinical Assessment of Oropharyngeal 

Motor Development in Young Children (Robbins & Klee, 1987) administered by an ASHA-certified speech-
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language pathologist (T.O.). There was no significant difference between the groups on the GFTA-3, 

t(14)=2.14, p=0.42, d=0.41. Words from the GFTA-3 were not used in treatment. 

Further speech sound disorder testing was conducted in order to more thoroughly characterize the 

speech sound errors of the children in this study. The Storkel Singleton Probe (Storkel, 2018), a speech sound 

probe, was administered by a licensed and certified speech-language pathologist (T.0.) to each child, during a 

single 60-minute session. The Storkel Singleton Probe is a computer-based, independent single-word probe that 

samples mid- and late-acquired singleton sounds (/k, g, f, v, θ, ð, s, z, ʃ, ʧ, ʤ, ŋ, l, ɹ/) with the exception of /ʒ/. It 

is a picture-naming task that contains 87 words. The singleton sounds /k, g, f, v, θ, s, z, ʃ, ʧ, ʤ, l, ɹ/ are sampled 

in 5 words in word-initial position and 5 words in word-final position throughout the probe. The sound /ŋ/ is 

only sampled in word-final position. The sound /ð/ is sampled 5 times in word-initial position and two times in 

word-final position. The words in the Storkel Singleton Probe were not used during treatment. Audio recordings 

of samples were obtained through the Zoom H4N Digital Audio Recorder. 

The original examiner (T.O.) of the Storkel Singleton Probe used broad transcription to transcribe the 

audio recordings of the children’s speech samples using the International Phonetic Alphabet. This transcriber 

was considered the transcriber of record. Their transcriptions were entered into the transcription software 

program Phon (Hedlund & Rose, 2019) and used for the Storkel Singleton Probe Scoresheet for the purpose of 

identifying singleton speech sounds in word-initial position produced with low accuracy.  

Reliability data was collected for the Storkel Singleton Probe samples. An independent judge was 

trained to transcribe the Storkel Singleton Probe. Training included orientation to the Storkel Singleton Probe 

task, listening practice, and practice transcribing child disordered speech in Phon (Hedlund & Rose, 2019). The 

trained independent judge was also required to demonstrate at least 90% agreement with a test transcription task 

prior to starting the Storkel Singleton Probe reliability transcriptions. The trained independent judge transcribed 

11% of each child’s Singleton Probe samples (364 segments). Calculation of reliability followed previous 

research studies (Abraham, 1993; Skelton, 2004; Skelton & Funk, 2004; Skelton & Richard, 2016) by 
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calculating the total scoring agreements divided by the sum of total scoring agreements and total scoring 

disagreements between the transcriber of record and the independent judge on consonant phonemes in each 

child’s sample. Scoring agreements were based on correct phonemic segments versus wrong phonemic 

segments. Reliability between the transcriber of record and independent judge was 86%. Where transcription 

disagreements occurred, the transcriber of record’s transcription was used for the analyses. 

Criteria for developmental language disorder. Children were diagnosed with developmental language 

disorder based on their difficulty learning language in the absence of sensory, intellectual, behavioral, and/or 

neurological disorders. Diagnosis of developmental language disorder was based on the child receiving a 

standard score of 87 or less on the SPELT-P2 (Dawson et al., 2003).This is an empirically-derived cut off score 

that is validated for identifying developmental language disorder in children (Greenslade, Plante, & Vance, 

2009). There was no significant difference between the groups on the SPELT-P2, t(14)=2.14, p=0.10, d=0.89. 

Additional testing was completed to assess children’s receptive vocabulary and receptive morphosyntax skills 

through the Peabody Picture Vocabulary Test, Fourth Edition (PPVT-4; Dunn & Dunn, 2015) and Shirts and 

Shoes Test (Shirts & Shoes; Plante & Vance, 2012), respectively. There were no significant differences between 

the groups on the PPVT-4, t(14)=2.14, p>0.05, d=0.398, or on the Shirts & Shoes Test, t(14)=2.14, p>0.05, 

d=0.06. 

Experimental Design 

The present study was a hybrid-group and single-subject design. Features of the study were partially 

modeled after previous speech sound disorder treatment studies (Cummings & Barlow, 2011; Gierut, 1989; 

Gierut & Morrisette, 2010; Gierut, Morrisette, & Ziemer, 2010) and previous language treatment studies (Alt et 

al., 2014; Plante et al., 2014). Recall that the purpose of the present study was to compare treatment outcomes 

for children receiving treatment in a high-exemplar variability practice condition and low-exemplar variability 

practice condition. The dependent variable (i.e., outcome measure) was performance on generalization probes. 

Generalization probes were administered during a pretreatment baseline, treatment, posttreatment, and 
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Table 1. Demographic and Test Data for Children in High- and Low-Variability Conditions 

Child ID Age (Y;M) Gender GFTA-3 K-ABC SPELT-P2 PPVT-4 Shirts & 
Shoes 

 
High Variability  

H1 4;10 F 40 95 89 108 26 
H2 5;0 M 45 111 82 99 23 
H3 5;8 M 40 97 79 109 35 
H4 5;7 M 68 77 50 96 10 
H5 5;8 M 67 85 78 98 11 
H6 4;2 F 54 96 74 108 20 
H7 5;2 M 50 102 84 99 7 
H8 5;11 M 71 103 70 98 21 

M (SD) 5;3 (6.5 months)  54.38 (11.95) 95.75 (9.96) 75.75 (11.17) 101.88 (5.09) 19.13 (8.77) 
 
Low Variability 

L1 5;11 M 47 118 64 110 29 
L2 5;2 F 48 112 53 128 18 
L3 5;10 F 54 100 38 74 13 
L4 5;2 M 40 128 61 119 28 
L5 4;2 F 43 111 85 116 14 
L6 5;8 M 73 103 61 92 20 
L7 5;2 M 51 96 58 106 8 
L8 5;3 M 40 118 86 110 19 

M (SD) 5;3 (6.2 months)  49.50 (10.04) 110.75 (9.98) 63.25 (14.88) 106.88 (15.81) 18.63 (6.74) 
Note. All test scores are standard scores with a mean of 100 (SD=15). GFTA-3 = Goldman-Fristoe Test of Articulation, Third Edition; K-ABC = Kaufman 
Assessment Battery for Children, Second Edition, Nonverbal Scale; SPELT-P2 = Structured Photographic Expressive Language Test – Preschool, Second Edition; 
PPVT-4 = Peabody Picture Vocabulary Test, Fourth Edition; Shirts & Shoes Test = Shirts & Shoes; F = Female; M = Male. 

 

retention. The generalization probes are described in further detail below. The independent variable was 

exemplar variability practice.  

The present study’s independent variable had two conditions: a high-variability condition and a low-

variability condition. In the high-variability condition, children produced their speech sound target in word-

initial position in a variable set of 24 unique exemplars every treatment session. The low-variability condition, 

children produced their speech sound target in word-initial position in a constant set of 6 unique exemplars 

produced four times each for every treatment session. Treatment parameters and procedures across the two 

treatment conditions were equivalent except for the number of different exemplars used to treat the children’s 
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treatment targets. Children also participated in a summer language research program during the first three 

phases of the study. This was constant across both groups of children. 

Materials and Procedures 

The present study was organized into four phases: (1) Pretreatment Baseline Probes (2A) Treatment, 

(2A) Treatment Generalization Probes, (3) Posttreatment Generalization Probes, and (4) Retention 

Generalization Probes. A graphic of the sequence of the phases is in Figure 1. The Pretreatment Baseline Probes 

Phase occurred over three, consecutive days prior to the onset of treatment. The Baseline Probes were 

administered to support treatment target assignment and establish baseline performance on these probes at 

pretreatment. During the second procedural phase of the study (Treatment and Treatment Generalization 

Probes), children received as many as 23 sessions for treatment of their target speech sound in either a high-

variability (24 unique words produced one time each) or low-variability (12 words produced two times each) 

practice condition. Treatment was only provided during this phase. In addition, Treatment Generalization 

Probes were administered prior to the start of every fourth treatment session to monitor learning over the course 

of treatment. During Posttreatment Generalization Probes Phase, probes were administered for three 

consecutive days at the end of treatment to measure end of treatment learning. Lastly, 6-8 weeks following 

treatment, the generalization probes were again administered during the Retention Generalization Probe Phase 

to measure maintenance of learning. The Treatment, Posttreatment, and Retention Generalization Probes 

included the same probe words and followed the same probing procedures as the Baseline Probes, but were used 

to test generalization to untreated contexts. Further explanation of these procedures is below. 

Phase 1: Pretreatment Baseline Probes. Pretreatment Baseline Probes were administered during Phase 

1. The Pretreatment Baseline Probes served two purposes. First, they allowed for speech sound target 

assignment and matching. Second, they provided multiple consecutive baseline performance data. The Baseline 

Probes were administered for three consecutive days prior to treatment to establish pretreatment stability of 

speech sound targets. During pretreatment, each child participated in a daily, 15-minute probe session. Probe  
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Figure 1. Sequence of Procedural Phases 

 

 

lists were generated so that individual, singleton mid- or late-acquired English speech sounds were targeted in 

word-initial position across 10 unique words. Half of the words were monosyllabic and half of the words were 

multisyllabic. Stimuli from the Storkel Singleton Probe and the GFTA-3 were used to create majority of the 

probe lists for each of the mid- and late-acquired English speech sounds, with the exception of /ŋ/, /ʒ/, and /ð/. 

Each child completed between two and five singleton speech sound Baseline Probes (e.g., /k/ probe, /l/ probe, 

/ʃ/ probe, /ɹ/ probe, etc.) during Phase 1. The Baseline Probes were selected for administration based on specific 

speech sounds that the child produced with low accuracy on the Storkel Singleton Probe and the GFTA-3. 

Administration and scoring of the Pretreatment Baseline Probes. The clinicians administered the 

probes as a picture-naming task on a laptop computer. During administration, the clinician showed the child a 

picture on the computer and then presented a corresponding prompt to elicit the child’s spontaneous production 

Phase 1: Pretreatment Baseline Probes
•3 consecutive days prior to treatment
•Target sound assignment
•Multiple consecutive baseline performance
•10 trials per singleton speech sound (word-initial position)

Phase 2A: Treatment
•23 sessions
•2 treatment conditions
•Condition 1: High-exemplar variability production practice condition
•Production of 24 unique words one time per session
•Speech sound target in word-initial position

•Condition 2: Low-exemplar variablity production practice condition
•Production of 12 unique words two times each per session
•Speech sound target in word-initial position

Phase 2B: Treatment Generalization Probes
•At the beginning of every fourth session
•10 target trials (singleton speech sound target in word-initial position)

Phase 3: Posttreatment Generalization Probes
•One day posttreatment
•3 consecutive days
•10 target trials (singleton speech sound target in word-initial position)

Phase 4: Retention Generalization Probes
•6-8 weeks posttreatment
•10 target trials (singleton speech sound target in word-initial position)
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of the corresponding probe word (e.g., What is this? It’s a_____). If the child was unable to spontaneously label 

the picture, the clinician elicited production through delayed imitation (e.g., This is a [probe word]. What is 

this? It is a_____). If the child was unable to produce the probe word with delayed imitation, the clinician 

elicited the word using direct imitation (e.g., Say [probe word]).  

Scoring and the reliability of scoring of the probes were completed live (i.e., during the session) by 

trained clinicians and trained independent raters. The live scoring procedures were similar to other speech sound 

disorder treatment studies (Adams, Nightingale, Hesketh, & Hall, 2000; Crosbie, Holm, & Dodd, 2005; Elbert 

et al., 1991; Skelton, 2004; Skelton & Funk, 2004; Skelton & Richard, 2016). Clinicians were trained to score 

sounds perceptually based on the following criteria: correct, wrong, or distorted. Correct was defined as a 

speech sound that was socially acceptable and produced in a manner similar to the adult target (i.e., accurate 

production). Wrong was defined as a speech sound not considered socially acceptable and produced in a manner 

that does not match the adult target (e.g., phonemic omissions and substitutions). Distorted was defined as not 

quite socially acceptable and produced in a manner that does not completely match the adult target (i.e., 

lateralized /s/, derhotacized /ɹ/). For data analysis, distorted was classified as wrong. These categorical scoring 

guidelines were modeled on other speech sound disorder treatment studies (Cummings & Barlow, 2011; 

Skelton, 2004; Skelton & Funk, 2004; Skelton & Richard, 2016). Note that the probe lists and procedures were 

used throughout all of the remaining phases of the study. 

Baseline Probes were scored as the percent correct production of the singleton speech sound in word-

initial position. A singleton speech sound was identified as a potential treatment target if a child produced the 

sound with 10% or less accuracy during the pretreatment baseline phase. Singleton speech sounds produced 

with more than 10% accuracy during the pretreatment baseline phase were excluded from treatment target 

selection. After potential treatment targets were identified, the clinicians administered a stimulability probe for 

the potential treatment targets during the third pretreatment baseline session. The stimulability probe measured 

the child’s speech accuracy of the singleton speech sound in 10 different contexts based on procedures from 
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Miccio (2002). These contexts included producing the sound in isolation, vowel-consonant-vowel, consonant-

vowel, and vowel-consonant in imitation (Miccio, 2002; Miccio, Elbert, & Forrest, 1999; Powell & Miccio, 

1996). For the sound to be considered a potential treatment target, the child demonstrated 30% accuracy or less 

on the stimulability probe for that specific sound. 

The complexity approach and selection of speech sound treatment targets. Selection of treatment 

targets followed a modified complexity approach (Gierut, 2001; Gierut & Hulse, 2010; Storkel, 2018a, 2018b) 

by targeting mid- and late-acquired English speech sounds. The complexity approach addresses the selection of 

treatment targets and focuses on individual speech sounds (as opposed to phonological processes) that children 

produce with 0% accuracy and 0% stimulability (Gierut & Hulse, 2010). Later acquired speech sounds are 

given precedence over earlier acquired speech sounds based on findings related to implicational language laws 

(Gierut, 2001; Gierut & Hulse, 2010; Storkel, 2018a, 2018b). The implicational language laws suggest that the 

presence of more complex linguistic structures imply the presence of less complex linguistic structures. The 

complexity approach, as an approach for selecting phonological treatment targets, is based on implication 

language laws whereby more difficult sounds (i.e., late-acquired sounds) are selected prior to less difficult 

sounds (early- to middle-acquired sounds). Shriberg's and Kwiatkowski's (1982) research on sound acquisition 

in English was used to identify mid- and late-acquired English speech sound targets. In this study, the 

complexity approach was modified by including Shriberg’s and Kwiatkowski’s (1982) mid- and late-acquired 

speech sounds (i.e., not only later-acquired speech sounds) as primary targets. In addition, following the 

complexity approach, these speech sounds were also considered potential treatment targets based on low speech 

production accuracy (e.g.,10% or less) and low stimulability (e.g., less than 30%). Low stimulability sounds 

were chosen because they indicate that the child is not learning the sound on their own or, in other words, 

without speech treatment (Gierut, 2001; Gierut & Hulse, 2010; Storkel, 2018a, 2018b). In addition, the use of 

low stimulability speech sounds provides additional experimental control because the sound is not likely to 
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emerge within the treatment period without intervention. The majority of the assigned speech sound treatment 

targets demonstrated 0% accuracy and 0% stimulability across participants. 

Treatment Target Assignment and Matching Across Conditions. Treatment target assignment for all 

participants and matching across conditions occurred following administration and performance analysis of the 

Baseline Probes and stimulability probes prior to treatment onset. Every attempt was made to balance age of 

acquisition of treatment targets for children across the two treatment conditions. This was because the ease of 

learning can be affected, with earlier-acquired sounds being more readily produced than later-acquired sounds. 

Therefore, each condition contained the same number of mid- and late-acquired speech sound treatment targets 

(mid-acquired speech sounds = 3 target sounds in both conditions, late-acquired speech sounds = 5 target 

sounds in both conditions). Treatment targets for each child, as well as their common substitution error for the 

treatment target, are reported in Table 3. Probe words for the selected treatment targets are listed in Appendix 

A. Note that the /θ/ speech sound was the treatment target for L4. The /θ/ sound was confined to the low-

variability condition due to its low frequency in general American English (Hayden, 1950) and limited set of 

imageable treatment exemplars. 

Phase 2A: Treatment. This study’s treatment held constant a number of treatment parameters while 

manipulating speech type (exemplars) variability across groups (i.e., the number of different words attempted 

by each child). Dose number, identified in this study as production trials, was held constant at 24 production 

trials per session across the two conditions. Other parameters held constant are based on modified definitions 

from Warren et al. (2007) as critical parameters to report for any treatment study. These are presented in Table 

2. Treatment exemplars, specific treatment session activities, and treatment stages are described below.  

 
  



   
 
 

42 

Table 2. Treatment Parameters Defined and Specified for the Present Study. 

Parameter Parameter definition for present study 
(based on Warren et al., 2007) Present Treatment 

Dose The specific activity thought to affect the 
improvement of the treatment target 

The child’s imitative production of their 
singleton speech sound treatment target 

in word-initial position in unique 
treatment exemplars (i.e., words) in both 

high- and low-variability conditions 

Dose number The number of doses correctly provided 
during a specified intervention period 24 doses per session 

Dose form The procedures used to administer the 
dose 

Imitative production in drill form of 
treatment exemplars with the clinician’s 

immediate feedback regarding the child’s 
production. The dose form contained 3 
phases: (1) Direct Imitation (2) Delayed 

Imitation, and (3) Carrier Phrase 
Imitation. 

Dose frequency 
The specified occurrence with which a 

dose should be administered across days 
and weeks 

One complete session (see session 
definition below) per day for 5 times per 

week 

Total intervention duration 
A description of the complete period for 

which the participant is to receive 
intervention 

23 treatment days 

Cumulative intervention duration 

The intervention’s concentration 
calculated by multiplying dose 

information (e.g., number x dose 
frequency x total duration) 

552 doses 

 
Treatment exemplars. The treatment exemplars for the present study included real, imageable words 

with the target speech sound in word-initial position. In both the high-variability and low-variability conditions, 

the first half of the exemplars were monosyllabic and the second half were multisyllabic (2-4 syllables) on any 

given treatment day (e.g., high-variability practice condition = 12 monosyllabic and 12 multi-syllabic words; 

low-variability practice condition = 3 monosyllabic and 3 multi-syllabic words). Both monosyllabic and 

multisyllabic words were included because research has shown that children experience more difficulty in the 

production of speech sounds in multisyllabic words (James, Ferguson, & Butcher, 2016). In addition, previous 

treatment research studies for functional speech sound disorders have included stimuli of both monosyllabic and 

multisyllabic words (Gierut, 1999; Gierut & Champion, 2001; Tyler, Edwards, & Saxman, 1987). The treatment 

exemplars varied along syntactic and semantic categories, but as discussed in Gierut et al. (2010), there is no 

evidence that this differentially influences speech sound disorder treatment outcomes.  
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 Treatment exemplars also varied in word lexicality. However, a study by Cummings et al. (2019) 

indicated that treatment outcomes for children with phonological disorders did not differ based on treatment 

word lexicality (e.g., word frequency and age of acquisition). For the low-variability condition, exemplars were 

selected from Storkel's (2018a, 2018b) late-age of acquisition treatment word list. For the high-variability 

condition, exemplars were broadly selected to ensure high variability. Therefore, the high-variability condition 

included a mix of early- and late-age of acquisition words, including Storkel's (2018a, 2018b) late-age of 

acquisition treatment words found in the low-variability condition. A list of the treatment exemplars from the 

study is included in Appendix B.  

Prior to treatment, treatment exemplar picture cards were created to support elicitation of the children’s 

production of the treatment exemplars. The cards contained pictures of the treatment words with their 

corresponding written labels. Written labels were included to support print referencing of items as an early 

literacy skill. Each treatment word corresponded to one picture card. For the low-variability practice condition, 

the clinicians used the same treatment exemplar cards (the 6 words with the speech sound target in word-initial 

position) every session. For the high-variability practice condition, the clinicians used 24 unique treatment 

exemplar cards depending on the variable set of 24 unique exemplars used in a given session. Clinicians were 

provided with a word bank from which to select treatment exemplars. They were advised to vary the exemplars 

for every session and avoid using the same exemplars across consecutive days. A list of the treatment exemplars 

is available in the Appendix B. 

Treatment sessions. During the treatment phase, clinicians administered treatment to each child 

individually. Treatment sessions occurred five days per week for a maximum of 23 total treatment sessions. Due 

to absences, some children did not complete the full 23 treatment sessions. There was no significant difference 

in the number of sessions completed between the high-variability (mean= 22.3 sessions) and low-variability 

conditions (mean=22.5 sessions), t(14)=0.55, p>0.05, d=0.28.  
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A treatment session was operationally defined as the completion of three specific session activities: (1) 

sound introduction, (2) drill practice, and (3) session wrap-up. Importantly, a treatment session was not defined 

by time, but by completion of treatment activities. This meant that the duration of treatment was allowed to vary 

depending on the child. It was not one of the controlled treatment parameters (e.g., such as dose number) and it 

was not a condition of the independent variable (i.e., high- or low-exemplar variability practice). The 

approximate length of a treatment session was 10-15 minutes. However, depending on the child’s behavior and 

compliance, some sessions ended in as few as 5 minutes.  

During the sound introduction activity, the clinician presented the child with verbal descriptions (e.g., 

how to produce the sound, sound metaphors, metaphonological descriptions) and visual representations of the 

child’s speech sound target (e.g., graphemes, phonetic placement pictures, meta-phonological pictures). The 

visual representations varied based on the speech sound and the child’s preference.  

Drill practice followed the sound introduction activity. During drill practice, the clinician administered 

the treatment dose. The treatment dose included three parts: (1) the clinician’s model and prompt for imitative 

production of a treatment exemplar, (2) the child’s imitative production of that treatment exemplar, and (3) the 

clinician’s feedback on the child’s production (e.g., correct or wrong). The active ingredient of this dose was the 

child’s production of the exemplar. All children practiced their target sound by imitating the clinician’s model 

of the treatment exemplars. Previous research has identified imitative production as a successful method in 

improving articulation for children with phonological disorders (Eikeseth & Nesset, 2003; Elbert & 

McReynolds, 1978). In addition, several studies utilize imitation as a component in their assessment and 

treatment procedures for functional speech sound disorders (Cummings et al., 2019; Cummings & Barlow, 

2011; Elbert & McReynolds, 1978; Elbert et al., 1991; Gierut, 2008a, 2008b; Gierut et al., 2010). 

The treatment dose number per session was 24 regardless of condition. The children in the high-

variability condition produced a set of 24 unique treatment exemplars. As much as possible, exemplar sets were 

varied each session. The exemplar sets were varied by including a different set of 24 words and/or different 
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order of the exemplars presented. Each of the 24 unique exemplars in a set was produced one time for a total of 

24 doses in single session. The children in the low-variability condition produced 6 exemplars in each session. 

Each of the 6 exemplars was produced 4 times for a total of 24 doses. The 6 exemplars were produced in the 

same order and in one single block (e.g., Block 1: Exemplar 1, Exemplar 2, Exemplar 3, Exemplar 4, Exemplar 

5, Exemplar 6). A block was produced 4 times in a single session. In this way, both the high-variability and 

low-variability conditions had the same number of doses in each session (i.e., 24 doses). 

Feedback on the speech sound target was another component of the dose. The clinicians provided 

feedback on a 1:1 schedule (e.g., following the child’s production of each exemplar). Feedback was only 

provided on the production of their speech sound target and not on other sounds that occurred in the exemplar in 

order to focus on production of the target sound across the treatment exemplars. If the child produced the target 

correctly, the clinician provided immediate positive feedback (e.g., categorized as a correct production of the 

target sound) on results (e.g., “Yes!”) and performance (e.g., You produced the [θ] with your tongue between 

your teeth!”). If the child produced the target incorrectly, the clinician provided negative feedback (e.g., 

categorized as wrong or distorted production of the target sound) on the results (e.g., “That wasn’t right.”) and 

performance (“Your tongue did not come between your teeth. Remember to make the [θ] we need to keep the 

tongue between our teeth.”). This continuous feedback schedule was based on other speech sound disorder 

treatment studies (Gierut, Morrisette, & Champion, 1999; Gierut, Morrisette, & Younger, 2014; Morrisette & 

Gierut, 2002; Skelton, 2004; Skelton & Funk, 2004) and knowledge that high-frequency feedback is necessary 

at the beginning of complex skill acquisition (Wulf, Shea, & Matschiner, 1998). 

Following negative feedback, the clinician had the option to provide corrective feedback. Clinicians 

were instructed to provide corrective feedback whenever possible, but to use clinical judgement because not all 

children would tolerate corrective feedback after every wrong production. The clinicians could use a maximum 

of three correction episodes on each of the exemplars that were produced incorrectly by the child. Corrective 

feedback episodes were defined as: (1) the clinician’s correction and request for the child to respond, (2) the 
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child’s response to the correction, and (3) the clinician’s feedback on the child’s response. Techniques used to 

provide corrective feedback were at the discretion of the treating clinician and the child’s needs. This included 

phonetic placement cues, successive approximation and shaping, facilitating phonetic contexts, gestural cues, 

tactile cues, auditory models for imitation of the speech sound in nonsense syllables, metaphonological cues, 

speech sound metaphors, and the use of supportive instruments (e.g., mirror, tongue depressor, lollipops).  

The session wrap-up was the last part of each session. During the session wrap-up, the clinician praised 

the child for the production practice of their speech sound target. The clinician also reminded the child that they 

would return to practice their target sound again in the next treatment session. 

Treatment stages. Sessions in the treatment phase were embedded into three different imitative stages. 

Previous studies have utilized a two-stage treatment model where an imitation stage (stage 1) is followed by 

spontaneous production stage for children with typical expressive and receptive language skills (stage 2) (see 

Cummings et al., 2019; Cummings & Barlow, 2011; Elbert & McReynolds, 1978; Elbert et al., 1991; Gierut, 

2008a, 2008b; Gierut et al., 2010). The present study elicited production through imitation for two reasons. 

First, the focus of the present study was on increasing the accuracy of speech sound production and not on word 

learning.  

Recall that the children in this study were diagnosed with developmental language disorder. Children in 

the low-variability condition would have a distinct advantage in learning and spontaneously producing 6 words 

as opposed to 90 or more words in the high-variability condition. Research has demonstrated that children with 

developmental language disorder exhibit less robust word-learning abilities compared to their typically 

developing peers (Alt & Plante, 2006; Alt, Plante, & Creusere, 2004; Gray, 2003; Kan & Windsor, 2010; 

Oetting, Rice, & Swank, 1995; Rice, Buhr, & Nemeth, 1990). Imitative elicitation decreased the cognitive load 

associated with word-learning and focused the treatment on the accurate production of speech sounds.  

Another reason for imitative elicitation concerned experimental control. Inclusion of spontaneous 

production would have altered treatment contexts between conditions and potentially across children. The 
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children in the low-variability condition would have had an extreme advantage in spontaneous production of 

their constant set of 6 exemplars as compared to the children in the high-variability condition whose number of 

exemplars ranged from 90 to 224. Moreover, some children may have demonstrated stronger word-learning 

abilities of their exemplars than others. Imitative production of treatment exemplars ensured the same treatment 

context for both conditions and across all children. Thus, imitative production of treatment exemplars was 

selected as feature of the dose across all treatment stages. 

This study’s treatment included three stages: (1) direct imitation of the treatment exemplars, (2) delayed 

imitation of the treatment exemplars, and (3) carrier phrase imitation of the treatment exemplars. Progression 

between stages was based on number of sessions completed. Stage one and two were each comprised of 8 

sessions each. Stage three was originally comprised of 8 sessions. However, in order to allow for additional 

posttreatment probe time, stage three was shortened to 7 sessions. For each stage, the children repeated the 

clinician’s treatment exemplar model 24 times per session (e.g., 24 doses). The individual stages are described 

below.  

Stage 1: Direct single-word imitation. The first stage of the treatment phase was direct single-word 

imitation. Following the sound introduction activity, the clinician introduced the child to the drill practice 

activity. Prior to start of drill practice, the clinician instructed the child to imitate the treatment exemplars 

following the clinician’s model (e.g., “Say these words after me.”). In order to elicit the child’s production, the 

clinician showed the treatment exemplar card, produced the treatment exemplar, and then expectantly waited for 

the child’s immediate repetition. The child produced the treatment exemplar and the clinician immediately 

provided feedback.  

Stage 2: Delayed single-word imitation. The second stage of the treatment phase was delayed single-

word imitation. Instead of immediate imitation, the clinician instructed the child to produce the treatment 

exemplar in a sentence completion activity. The clinician produced the prompt, “This is a [treatment exemplar]. 

What is this? It is a___________?” The child completed this cloze task by repeating the treatment exemplar 
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modeled by the clinician. Again, the clinician utilized the treatment exemplar cards. Each child repeated the 

clinician’s model of their speech sound target in word-initial position 24 times per session.  

Stage 3: Carrier phrase imitation. The third and final stage of the treatment phase was carrier phrase 

imitation. At the onset of drill practice, the clinician instructed the child to repeat the clinician’s model of the 

treatment exemplar in the carrier phrase. The same carrier phrase was used in all sessions and across conditions. 

The carrier phase was, “I have________.” The use of the carrier phrase allowed for production of the treatment 

target in a more difficult linguistic context. In addition to the treatment exemplar picture cards, the clinician 

used a grapheme representation of the carrier phrase to support the child’s production.  

Phase 2B: Treatment Generalization Probes. Treatment Generalization Probes of the treatment 

targets were administered at the beginning of every fourth session. The probe lists and procedures followed the 

same format as those administered during the Pretreatment Baseline Probes, except only the child’s treatment 

target was probed. The probe words were not used during treatment. Percentage of correct use of the treatment 

target was calculated from the Generalization Probes.  

Phase 3: Posttreatment Generalization Probes. Phase 3 started immediately following the last day of 

treatment and occurred over three consecutive days. During this phase, the Posttreatment Generalization Probes 

were administered to measure generalization of learning at the end of treatment. Again, the probe lists and 

procedures were the same as those administered during the Pretreatment Baseline Probe Phase, except only the 

child’s treatment target was probed.  

Phase 4: Retention Generalization Probes. Phase 4 occurred approximately 6-8 weeks following the 

last day of treatment (mean=50.31 days, range= 42-60 days). All children completed the Retention 

Generalization Probes during this phase in order to measure retention of learning in an untrained context after 

withdrawal of treatment over a longer period of time. The probe lists and probe procedures used during this 

phase were the same as those used during the Pretreatment Baseline Probe Phase, except only the child’s 

treatment target was probed. 
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Procedural Fidelity and Reliability 

Clinicians received a half-day training on speech sound disorder treatment provision and specific 

procedures for administration of the present study’s treatment and probe methods. During training, clinicians 

practiced treatment provision and the scoring of speech sounds from child speech recordings (i.e., correct 

versus wrong or distorted). They were also provided with individual listening exercises of children’s speech, 

including disordered speech, to practice scoring of speech sound productions. Clinicians were provided with a 

training manual and checklists for each treatment session, treatment stage, and probe activities. The training 

manual and checklist were included to support fidelity of treatment as recommended by Kaderavek and Justice 

(2010). The clinicians were supervised by a licensed and certified speech-language pathologist (T.O.) 

throughout the study who monitored and corrected deviations from the protocol. Treatment fidelity and 

reliability measures were obtained for the study. Three undergraduate students (research assistants) were trained 

for online coding of the treatment and probe fidelity and reliability scoring. Coding of treatment and probe 

fidelity and reliability occurred across conditions for every child and every clinician during treatment. 

Treatment fidelity. Treatment and probe fidelity were defined as the degree to which the clinicians 

adhered to the treatment and probe procedures in the study. Two, ten-item checklists were created for fidelity 

ratings (one for treatment procedure fidelity and one for probe procedure fidelity). An independent judge scored 

the clinician’s adherence to the treatment and probe procedures. The clinician received a score of “1” if the 

particular procedure was administered correctly. The clinician received a score of “0” if the procedure was 

incorrectly administered or absent. A total of ten points was possible on the fidelity checklists. The clinician’s 

total score was converted to a percentage. One-hundred and forty-nine treatment sessions (42% of sessions) 

were coded to determine treatment fidelity. The overall average treatment fidelity score was 99% (range from 

88% to 100%). Eighty-eight probe sessions (42% of sessions) were coded to determine probe fidelity. Overall, 

the average probe fidelity score was 99% (range: 88% to 100%). 
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Treatment reliability. Treatment and probe reliability were defined as the degree to which the 

clinicians’ ratings of the child’s production of their speech sound target (i.e., correct versus wrong; wrong = 

wrong and distorted) were reliable. An independent judge supported calculation of reliability data. The 

independent judge rated the child’s production of their speech sound target in treatment and probe sessions 

online. These ratings were then compared to the clinician’s ratings. Reliability was calculated as the total 

scoring agreements (correct versus wrong)/ (total agreement + disagreement). One-hundred and thirty-six 

treatment sessions (38% of sessions) were coded to determine treatment reliability. Overall, the treatment 

reliability was 97% (range: 75% to 100%). One-hundred and seventy-three probe sessions (83% of sessions) 

were coded to determine probe reliability. Overall, the probe reliability was 97% (range: 80% to 100%). 
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Results 

Within-Subjects Treatment Effects  

Acquisition: Session treatment data. Session treatment data is used to characterize how a child is 

responding to the treatment program (Olswang & Bain, 1994). It is data on how successfully or unsuccessfully a 

child performs on the given activities used to facilitate change in treatment. Treatment data also sets the basis 

for generalization (Gierut & Morrisette, 2015). In the motor learning literature, this type of data is referred to as 

acquisition or performance during practice data (Maas et al., 2008; Schmidt, 1975; Schmidt & Lee, 2011). 

Treatment response and acquisition do not characterize learning (i.e., generalization and retention), but they do 

support an understanding of how an individual is responding to treatment. 

In the present study, session treatment data were collected to characterize the children’s response to 

treatment and acquisition of their speech sound target during treatment. While not a primary outcome measure 

of the present study, this data allowed for additional characterizations of treatment responders and non-

responders. During each daily session, percent correct measures of each child’s target sound productions in the 

treatment exemplars were collected by the clinicians. Individual graphs of the session treatment data are 

included in Figure 2. Responding to treatment was operationalized as a 40% increase in the accurate production 

of the target sound from the pretreatment baseline. This criterion is higher than previous speech sound disorder 

treatment studies (Miccio et al., 1999; Powell, Elbert, Miccio, Strike-Roussos, & Brasseur, 1998), but I wanted 

to select a level indicative of clinically-meaningful change. The individual participant data indicated that 13 of 

the 16 children reached an accuracy rate of at least 40% change during treatment. 
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Figure 2. Percentage of Correct Use of Target Sound During Treatment 
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Generalization of Learning: Posttreatment Generalization Probes. Generalization answers the 

necessary question, “Is important and significant change happening?” (Olswang & Bain 1994, p. 61). Evidence 

of generalization occurs when a child uses trained responses from treatment in untrained contexts (Olswang & 

Bain, 1994). In the motor learning literature, this type of generalization is referred to as transfer whereby 

trained responses transfer to untrained contexts (Maas et al., 2008; Schmidt & Lee, 2011). Generalization and 

transfer serve as an indication of learning outside of training (Kamhi, 1994; Maas et al., 2008; Olswang & Bain, 

1994; Schmidt & Lee, 2011). Generalization is used here to refer to both terms. Data on the Posttreatment 

Generalization Probes were collected to characterize the children’s learning of their speech sound target as a 

measure of generalization. 

Recall that the first hypothesis was that children with functional speech sound disorders would 

demonstrate learning of their target sound following treatment. For generalization, learning was operationalized 

as increases in the percentages of correct target sound productions on the Posttreatment Generalization Probes 

from the pretreatment baseline to posttreatment. To address the first hypothesis, the first three administrations 

of the probes (the Pretreatment Baseline Probes) and the last three administrations of the probes immediately 

posttreatment (the Posttreatment Generalization Probes) were compared within-subjects. Across participants, 

the mean percentage of correct productions on the probes during the pretreatment baseline was 1% (SD=0.01 

and range=0%-3%). The mean percentage of correct productions on the probes at posttreatment was 45% 

(SD=0.39 and range=0%-93%). Nonparametric statistical tests and the effect size r were used to analyze the 

within-subject data. A Wilcoxon Signed-Rank test indicated that the posttreatment percentage of correct use of 

the target sound (median=0.60) was significantly greater than pretreatment baseline percentage of correct use 

(median=0.00) (W =66, Z = 3.19, p < 0.05, r = 0.80). Severity, based on GFTA-3 scores, was not correlated 

with the Generalization Probes at posttreatment (r=-0.03, p>0.05). 

 Plots of each child’s performance on the Baseline Probes and Posttreatment Generalization Probes are in 

Figure 3. Nine out of the 16 children responded to treatment (i.e., 40% change in production accuracy) based on 
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the data at posttreatment. The individual effect size d values for each child are in Table 3. Effect sizes were 

calculated to characterize the magnitude of the treatment effect for each child. Table 3 includes two different 

effect size d calculations. The first effect size d calculation follows Plante et al., (2014) which is the average of 

the three Posttreatment Generalization Probes minus the average of three Pretreatment Baseline Probes divided 

by the standard deviation of three posttreatment probes. 

The mean effect size was 3.26 (median = 2.50, SD=3.07, range= 0.00-8.05). The second effect size d 

calculation follows Gierut and Morrisette (2011) which is the average of the probes administered during 

treatment and posttreatment minus the average of the three pretreatment baseline probes divided by the pooled 

standard deviation of all participants across the three pretreatment baseline probes (i.e., the standard deviation 

of the pretreatment baseline probes across all participants). The mean effect size was 24.69 (median = 22.65, 

SD=22.79, range= 0.00-62.75). 

 

 

 

 

 

 

 



   
 
 

58 

 

Table 3. Individual Treatment Effect Sizes 

Participant Gender Target 
Sound 

Target Sound 
Common 

Substitution 
Error 

Pretreatment 
Baseline Accuracya 

Posttreatment 
Accuracyb 

Treatment & 
Posttreatment 

Accuracyc 

Plante et 
al. (2014)        

Effect 
Size (d)d 

Gierut & 
Morrisette (2011)        

Effect Size (d)e 

High-Variability Condition 
H1 F /k/ /t/ 0 87 38 5.70 31.24 

H2 M /l/ /w/ 3 80 31 7.70 23.25 

H3 M /k/ /t/ 0 77 52 3.06 43.18 

H4 M /ʃ/  /s/ 3 20 13 1.70 8.54 

H5 M /l/ /w/ 0 7 13 1.21 11.03 

H6 F /k/ /t/ 0 0 0 0 0.00 

H7 M /l/ /w/ 0 0 1 0 0.92 

H8 M /ɹ/  /w/ 0 0 0 0 0.00 

M (SD)    1 (1) 34 (40) 19 (20) 2.42 (2.89) 14.77 (16.17) 

Low-Variability Condition 
L1 M /l/ /w/ 0 93 72 8.05 59.72 

L2 F /k/ /t/ 3 90 79 5.02 62.75 

L3 F /θ/  /t/ 0 80 62 8.00 51.45 

L4 M /l/ /w/ 0 73 42 4.78 34.91 

L5 F /k/ /d/ 0 50 27 5.00 22.05 

L6 M /l/ /w/ 0 70 56 1.94 45.94 

L7 M /k/ /t/ 0 0 0 0.00 0.00 

L8 M /ʃ/  /s/ 0 0 0 0.00 0.00 

M (SD)    0 (1) 57 (38) 42 (31) 4.10 (3.19) 34.60 (25.04) 

a
Pretreatment Accuracy represents the mean percentage of correct productions of the target sound during the 3 Pretreatment Baseline Probes administered prior to the start of treatment. bPosttreatment Accuracy represents 

the mean percentage of correct productions of the target sound during the 3 probes administered immediately following treatment (Posttreatment Generalization Probes). cTreatment & Posttreatment Accuracy represents the 
mean percentage of correct production of the target sound during Generalization Probes administered during treatment (Treatment Generalization Probes) and the three probes immediately following treatment (Posttreatment 
Generalization Probes) for a total of nine probes. dThe effect size d, following Plante et al. (2014), was calculated as the posttreatment accuracy minus the pretreatment accuracy divided by the standard deviation of the 
percentage of correct productions of the target sound during the 3 posttreatment probes (Posttreatment Generalization Probes). If no variance was observed in the posttreatment baseline probe days, the effect size d was 
calculated using the minimum possible standard deviation. eThe effect size d, following Gierut & Morrisette (2011), was calculated as the posttreatment accuracy minus the pretreatment accuracy divided by the standard 
deviation of the pretreatment accuracy pooled across all participants (SDA-pooled across Ss=0.01).  
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Figure 3. Percentage of correct use of target sound on probes by children in the high- and low-variability conditions. Children in the high-variability condition (left panels) practiced 
their target sound in 24 unique exemplars (one time each). Children in the low-variability condition (right panels) practiced their target sound in 6 exemplars (four times each). The 
first three data points represent performance on the Pretreatment Baseline Probes (e.g., B1= Baseline Probe 1). The remaining data points indicate performance on the Generalization 
Probes administered during treatment (e.g., T1= Treatment Generalization Probe 1) and posttreatment (e.g., P1=Posttreatment Generalization Probe 1), and retention (e.g., 
R1=Retention Generalization Probe 1). 
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Figure 3. Percentage of Correct Use of Target Sound on Baseline and Generalization Probes 
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Figure 3 (continued). Percentage of correct use of target sound on probes by children in the high- and low-variability conditions. Children in the high-variability condition (left 
panels) practiced their target sound in 24 unique exemplars (one time each). Children in the low-variability condition (right panels) practiced their target sound in 6 exemplars (four 
times each). The first three data points represent performance on the Pretreatment Baseline Probes (e.g., B1= Baseline Probe 1). The remaining data points indicate performance on the 
Generalization Probes administered during treatment (e.g., T1= Treatment Generalization Probe 1) and posttreatment (e.g., P1=Posttreatment Generalization Probe 1), and retention 
(e.g., R1=Retention Generalization Probe 1). 
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Figure 3 (continued). Percentage of correct use of target sound on probes by children in the high- and low-variability conditions. Children in the high-variability condition (left 
panels) practiced their target sound in 24 unique exemplars (one time each). Children in the low-variability condition (right panels) practiced their target sound in 6 exemplars (four 
times each). The first three data points represent performance on the Pretreatment Baseline Probes (e.g., B1= Baseline Probe 1). The remaining data points indicate performance on the 
Generalization Probes administered during treatment (e.g., T1= Treatment Generalization Probe 1) and posttreatment (e.g., P1=Posttreatment Generalization Probe 1), and retention 
(e.g., R1=Retention Generalization Probe 1). 
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Figure 3 (continued). Percentage of correct use of target sound on probes by children in the high- and low-variability conditions. Children in the high-variability condition (left 
panels) practiced their target sound in 24 unique exemplars (one time each). Children in the low-variability condition (right panels) practiced their target sound in 6 exemplars (four 
times each). The first three data points represent performance on the Pretreatment Baseline Probes (e.g., B1= Baseline Probe 1). The remaining data points indicate performance on the 
Generalization Probes administered during treatment (e.g., T1= Treatment Generalization Probe 1) and posttreatment (e.g., P1=Posttreatment Generalization Probe 1), and retention 
(e.g., R1=Retention Generalization Probe 1). 
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Retention of learning: Retention Generalization Probes. Retention is also evidence of meaningful 

changes and learning in treatment. It signifies a permanent change in behavior, which is an important goal of 

treatment (Maas et al., 2008). Plots of each child’s performance on the Retention Generalization Probes are in 

Figure 2. Performance on the Retention Generalization Probes were analyzed to see if children maintained their 

posttreatment gains 6-8 weeks following treatment. Across participants, the mean percentage of correct 

productions on the Posttreatment Generalization Probes was 45% (SD=0.39, range=0-93%). The mean 

percentage of correct productions on the Retention Generalization Probes was 22% (SD=0.31 and range=0%-

90%). A Spearman's correlation was computed to determine the relationship between the children’s 

performance on the Posttreatment and Retention Generalization Probes. The correlation between performance 

on the Posttreatment and Retention Generalization Probes was weak and not significant (r=0.39, p=0.14). The 

scatterplot is displayed in Figure 4.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Scatterplot of Posttreatment Versus Retention Generalization Probes 
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A Spearman correlation was also computed to determine the relationship between the children’s 

performance on the Posttreatment Generalization Probes and the participants’ non-verbal IQ standard scores on 

the K-ABC II as these were identified as significantly different between the high- and low-variability condition. 

There was a weak and nonsignificant correlation between performance on the Posttreatment Generalization 

Probes and K-ABC II performance (r=0.27, p=0.31). This indicated that there was not a relationship between 

the performance on the two measures. The scatterplot is displayed in Figure 5.  

 

 

 

 

 

 

 

 

 

 

 

Between-Group Treatment Effects 

Acquisition: Session treatment data. Session treatment data as a measure of treatment response and 

acquisition was also descriptively compared between the high- and low-variability conditions. Seven out of 8 

children were classified as treatment responders in the low-variability condition. Six out of the 8 children were 

classified as treatment responders in the high-variability condition. Individual graphs of the session treatment 

data are in Figure 2. 

Figure 5. Scatterplot of Performance on the Posttreatment Generalization Probes Versus K-ABC II Standard Score 
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Generalization of learning: Posttreatment Generalization Probes. Performance data from the 

Posttreatment Generalization Probes was used to answer the second main hypothesis of the present study. The 

second main hypothesis was that the children in the high- variability condition would demonstrate greater 

learning of their target sound than the children in the low-variability condition at posttreatment. Plots of the 

performance on the Posttreatment Generalization Probes for individual children in the high- and low-variability 

conditions are in Figure 3. A comparison between the performance of the high- and low-variability conditions 

on the Posttreatment Generalization Probes were used to address this hypothesis. Boxplots of the percentage of 

correct productions on the Posttreatment Generalization Probes for children in the high-variability condition 

(mean=34%, SD=0.40, range=0%-87%) and low-variability condition (mean=57%, SD=0.38, range=0%-93%) 

are in Figure 6. Nonparametric statistical tests and the effect size r were used to analyze the data. A Mann-

Whitney U test comparing posttreatment performance between the high- and low-variability conditions showed 

that there was no significant difference between the high-variability condition (median=14%) and low-

variability condition (median=72%) on posttreatment percentage of correct use of their target sound (U=23.5, 

Z=0.84, p=0.39, r=0.71).  

Retention of learning: Retention Generalization Probes. Performance on Retention Generalization 

Probes was also analyzed to examine if there were any significant differences between high-variability and low-

variability conditions at retention. Plots of the percentage of correct productions on the Retention 

Generalization Probes for children in the high-variability condition (mean=11%, SD=0.15, range=0%-40%) and 

low-variability condition (mean=33%, SD=0.41, range=0%-90%) are in Figure 6. Nonparametric statistical tests 

and the effect size r were used to analyze the data. A Mann-Whitney U test comparing the performance on the 

Retention Generalization Probes between the high- and low-variability conditions indicated that there was no 

significant difference between the high-variability condition (median=0.05) and low-variability condition 
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(median=0.1) for the retention percentage of correct use (U=25, p=0.47, r=0.18) on the Retention 

Generalization Probes.  

 

Figure 6. Boxplots of Performance on the Posttreatment and Retention Generalization Probes for High- and Low 
Variability Conditions 
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Discussion 

This study examined the effect of exemplar variability on the learning of speech sounds in the treatment 

of functional speech sound disorders in preschool children. Exemplar variability was defined as the number of 

unique words used in treatment. To test the effect of exemplar variability, I compared treatment outcomes 

between the following two conditions: (1) children who practiced their target sound in a variable set of 24 

unique exemplars (i.e., high-variability condition) and (2) children who practiced their target sound in a 

constant set of 6 unique exemplars produced four times each (i.e., low-variability condition). I predicted that 

children in both conditions would demonstrate learning of their target sound following treatment, but that 

children in the high-variability condition would demonstrate greater learning than children in the low-variability 

condition. Learning was defined in terms of generalization and retention. The primary measure of learning was 

significant increases in the production accuracy of the target sounds in untrained words on the Generalization 

Probes (Posttreatment and Retention Generalization Probes).  

Within-Subjects Treatment Effects 

Acquisition. Session treatment data indicated that majority of the children (13 out of 16) demonstrated 

initial acquisition of their target sound on the treatment exemplars. While not evidence of learning, acquisition 

provides data on whether or not particular treatment procedures are beneficial for the individual participants. In 

this case, the majority of the children appeared to respond to the treatment procedures. This acquisition data 

provides initial support for the treatment procedures used in the present study for the majority of children. 

However, it also provides important clinical information for the children who did not respond to treatment. 

Acquisition data may support decisions on whether to continue or discontinue with a particular treatment 

program (Olswang & Bain, 1994). The children who did not demonstrate acquisition during the treatment phase 

may need an alternate form of treatment. In the case of the present study, the children who did not show 

acquisition also did not show learning in the form of generalization or retention on the Generalization Probes.  
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Generalization of learning and treatment efficacy. The first hypothesis was supported in terms of 

generalization. Recall that generalization of learning serves as an important indicator of significant and 

important clinical change and signifies transfer of learning to new contexts (Baker & McLeod, 2004; Olswang 

& Bain, 1994; Schmidt, 1975; Schmidt & Bjork, 1992; Schmidt & Lee, 2011). Generalization of learning was 

demonstrated by significant increases on the production accuracy of the target sound from pretreatment to 

posttreatment on the probes. A majority of the children (9 out of the 16) demonstrated gains of 40% accuracy or 

more on their target sounds on the Posttreatment Generalization Probes. Forty-percent was chosen as a 

conservative indicator of treatment response (i.e., learning as generalization). However, it is important to note 

that other studies have used a 10-20% accuracy gain over baseline as an indication of learning (Cummings & 

Barlow, 2011; Elbert et al., 1984; Gierut, 1989, 1990; Gierut et al., 2010; Powell et al., 1998). However, 10-

20% gain may not meet standards for clinical significance following several sessions of treatment. In addition, 

10% is within the standard of error in this particular study. Nevertheless, if a 10-20% gain from baseline was 

utilized as an indication of treatment response in the present study, 10 out of 16 children would have been 

categorized as treatment responders.  

The within-subject treatment effect sizes also confirmed the clinical significance of the generalization 

gains. Effect sizes provide a way to further describe the results of a treatment study and contextualize the 

strength of those results as compared to established standards in a specified population (Beeson & Robey, 2006; 

Gierut & Morrisette, 2011; Gierut, et al., 2015). Relative to the literature, contextualizing effect sizes is 

challenging for the treatment of functional speech sound disorders. One challenge is that many studies do not 

report effect sizes or provide the necessary details to calculate them (Baker & McLeod, 2011a; Sugden et al., 

2018; Wren et al., 2018). Another challenge is that studies often lack clarity on how effect sizes were calculated 

(e.g., error term calculations may differ) (Wren et al., 2018). Further challenges arise due to the use of different 

research designs across studies (e.g., between-group versus single-subject designs), which hinders direct effect 

size comparisons (see Gierut & Morrisette, 2011; Gierut et al., 2015; Sugden et al., 2018; Wren et al., 2018). 
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For the present study, the within-subject treatment effect size was r=0.80. Currently, there are no 

established effect sizes for group research designs in the treatment of functional speech sound disorders (Gierut 

& Morrisette, 2011; Gierut et al., 2015). However, it is still possible to interpret the treatment effects of the 

current study, albeit cautiously. First, we can consider Cohen’s (1988) effect size benchmarks (i.e., small = .10, 

medium=.30, and large=.50) for group research designs in psychological sciences. Based on these benchmarks, 

the treatment effects of the present study were considered large (Cohen, 1988). One caution is that these 

benchmarks were developed for group effects in studies of cognitive effects. In this context, relatively small 

effect sizes might be considered interesting or of merit. 

Secondly, we can compare the current study’s effect size to other similar treatment studies. For this 

purpose, effect size data from Wren et al.’s (2018) systematic review of 26 treatment studies for preschool 

children with speech sound disorder were used. They calculated the within-subject effect sizes (d) of only 10 

studies, 7 of which utilized group research designs. Wren et al., (2018) did not include specific information on 

how they completed their calculations, but they did acknowledge that a lack of sufficient data prevented effect 

size calculations in additional published studies. The majority of their calculated effect size (d) values were 

below 0.50, with one study reaching 0.83. The current study’s effect size r of 0.80 is equivalent to an effect size 

d of 2.67 based on Ferguson's (2009) conversion formula. Compared with other similar treatment studies, the 

magnitude of the treatment effect is quite large. This comparison further supports the positive within-subject 

treatment effects found in the present study.  

Individual treatment effect sizes were also calculated for each participant and these effect sizes 

demonstrated further support for the first hypothesis. Individual treatment effect sizes were compared to the 

Gierut et al., (2015) single-subject design benchmarks for phonological treatment studies (i.e., small=1.40, 

medium=3.61, and large=10.12). Across participants, the average effect size (d) was 24.69 (range = 0.00-62.75, 

median=22.65). Based on the Gierut et al. (2015) benchmarks, the majority of the participants (10 out of 16) 
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exhibited a large treatment effect (range=11.03 to 62.75). Thus, the generalization data for individual treatment 

outcomes also confirmed the positive effects of this treatment. 

Generalization of learning and treatment efficiency. Based on the generalization data, the findings of 

the current study support the use of a short and frequent treatment schedule (i.e., 24 doses per session at a rate 

of five days per week) for preschool children with functional speech sound disorders. Recall that previous 

narrative reviews and expert opinion of functional speech sound disorders intervention have recommended at 

least 50-100 production trials in a 30- to 60-minute session at least two-three times per week in order to 

facilitate positive change in treatment (Baker & McLeod, 2011; Sugden et al., 2018; Williams, 2012). This 

would translate to 100-300 production trials for 60-180 minutes per week across 2-3 sessions. At this time, there 

is insufficient information available to make evidence-based recommendations concerning total and cumulative 

intervention intensities. This is due to the lack of specification of treatment parameters in treatment studies as 

well as challenges in comparing different research designs, intervention approaches, and treatment effects 

across studies (Baker & McLeod, 2011; Sugden et al., 2018; Wren et al., 2018).  

Compared to previous recommendations and standards of practice of 100-300 production trials and 60-

180 minutes per week of intervention (Baker & McLeod, 2011; Sugden et al., 2018; Williams, 2012), the 

present study supports the use of a more efficient treatment model. The present study’s model includes 120 

production trials in approximately 50-75 minutes per week, albeit in a comparatively more frequent provision 

model (i.e., five days per week). Previously, only case studies and small n studies (n=3) have demonstrated the 

use of similar dose numbers (Hart & Gonzalez, 2010; McIntosh & Dodd, 2008) and session duration (Dunn & 

Barron, 1982) for children with a functional speech sound disorders. Thus, the present study provides additional 

evidence for the use of a short and frequent treatment schedule for functional speech sound disorders in 

preschool children. The present study’s intervention model required 24 production trials (i.e., dose number) in a 

single session for five days per week in a five-week period. While the completion of a session was not defined 

by time, children generally completed a session (i.e., completion of 24 production trials) in 10-15 minutes. The 



   
 
 

71 

actual time to complete the required dose depended largely on the compliance of the child. Some children 

finished their production trials in as little as five minutes, particularly as they became accustomed to the 

treatment program.  

 Retention of learning. The lack of significant correlation between performance on the Posttreatment 

and Retention Generalization Probes indicated that children with the highest performances did not necessarily 

maintain that level on their own over time. While this may indicate that treatment was responsible for change, it 

does not indicate that treatment supported retention. Currently, the field lacks strong data on what promotes 

retention. Previous research has attributed individual children’s variability in performance over time (i.e., 

retention) as aligning with the performance variability seen in typical phonological development (Crosbie et al., 

2005). For example, children with typical speech sound skills fluctuate in their speech sound learning overtime, 

so this would be expected of children with disorder as well (Crosbie et al., 2005). However, the data at hand 

suggests that high performance during treatment is not sufficient to assure complete retention of initial learning. 

What ultimately drives retention remains an open question.  

One possible explanation for the lack of change between end treatment performance and retention might 

be treatment duration. It could be that children require a certain amount of time over which they correctly 

produce their target in order to maintain that production. Recall that the present study controlled dose number 

(i.e., production trials), but not session duration. This parameter was allowed to vary somewhat, although all 

sessions were relatively short in duration. Alternately, retention could simply be a function of enough correct 

trials, regardless of how much time this takes to accumulate. Expert opinion and narrative reviews discuss the 

importance of dose number and time in the treatment of functional speech sound disorders (Baker & McLeod, 

2011; Sugden et al., 2018; Williams, 2012). However, it is unclear, both from my study and the current 

literature, how duration interacts with dose number in the treatment of functional speech sound disorders (see 

Allen, 2013 for a discussion). Is it the actual number of production trials that drives change? Is it the number of 

correctly produced trials over a specified treatment duration or session duration? Alternatively, are the correct 
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production trials over session or treatment duration a more important factor in treatment outcomes? It is 

probable that different combinations of dose number, session duration, and treatment duration impact treatment 

outcomes in ways that differ across learning phases (e.g., acquisition versus transfer/generalization versus 

retention) and even participants (e.g., attention issues). However, it is also possible that a potential number of 

correct production trials, defined as dose number, through different session and treatment durations drive 

change. Further research is needed to clarify the relationships between these parameters. 

In comparison to other treatment studies, the lack of retention may also be attributed to the complete 

withdrawal of treatment at the end of the treatment period. Note that additional studies have incorporated 

caregivers and teachers as participants in treatment provision (Crosbie et al., 2005; Glogowska, Roulstone, 

Enderby, & Peters, 2002; Lancaster et al., 2010; Sugden, Baker, Munro, & Williams, 2016; Tyler, Edwards, & 

Saxman, 1987). In these cases, it is hard to assure that a true no-treatment phase occurred between the end of 

treatment and retention testing. Once trained to facilitate speech production, it may be difficult for adults who 

continue to interact with the child during this time to suppress therapeutic interactions. This may inflate 

estimates of retention in such studies. In the present study, caregivers and teachers were blinded to the treatment 

targets in the present study and did not work on the target sounds with the children. This also meant that they 

did not continue treatment on the target sounds at the end of treatment. Therefore, my retention estimates may 

be more accurate of performance after a true ‘no treatment’ period than in these types of studies. 

Between-Group Exemplar Variability Effects 

The present study found no significant effect of variable exemplar practice in the treatment of functional 

speech sound disorders in preschool children. The hypothesis that the high-variability condition would 

demonstrate stronger learning outcomes compared to children in the low-variability condition was not 

supported in posttreatment or retention probe data. This finding was unexpected based on previous language 

treatment studies and the motor learning literature.  
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This study set out to identify ideal learning conditions for the treatment of preschool children with 

functional speech sound disorders. For treatment research, generalization is considered the gold standard for 

“learning” (Kamhi, 2014). Both learning theory and principles of motor learning suggest that high-variability 

demonstrates stronger outcomes than low-variability with regard to learning. Although the use of high-exemplar 

variability has demonstrated more efficient and effective gains in other language treatment areas (e.g., Aguilar 

et al., 2018; Alt et al., 2014; Apfelbaum, et al., 2013; Bourgoyne & Alt, 2017; Perry et al., 2010; Plante et al., 

2014) and in motor learning (Maas et al., 2008; Pollock & Lee, 1997; Schmidt, 1975; Schmidt & Bjork, 1992; 

Schmidt & Lee, 2011; Ste-Marie et al., 2004), it did not do so in this study. Several possible explanations for 

this result are described below. 

The first explanation concerns the differences in the nature of the underlying deficits for developmental 

language disorder and functional speech sound disorders. There are a number of similarities between 

developmental language disorder and functional speech sound disorders. For example, both diagnoses signify 

children have deficits in language learning compared to their typically-developing peers. In addition, the origin 

of these deficits across the two disorders cannot be attributed to an identifiable cause (e.g., neurological, 

cognitive, or hearing impairment). However, developmental language disorder differs from functional speech 

sound disorders in important ways that may explain the differences found in the present study’s results. 

Functional speech sound disorders are diagnosed based on speech sound errors observed in expressive 

phonology (phonemic and phonetic) whereas developmental language disorder is diagnosed based on deficits in 

other areas of language. The deficits in expressive phonology are based in both the linguistic (phonemic errors) 

and motoric (phonetic errors) domains (Elbert, 1992; Fey, 1992). While it is not the case that functional speech 

sound disorders are strictly motor-based disorders (e.g., childhood apraxia of speech or dysarthria), it is also the 

case that motor production patterns (or lack thereof) contribute to the speech sound disorder in a developing 

system. The evidence for this is that modeling correct sound production alone does not serve to correct speech 

sound errors (Elbert, 1992; Fey, 1992). It is possible that the association between linguistic and motor 
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production domains in functional speech sound disorders interact differently with the application of the 

variability principle, particularly when compared to the more cognitive-linguistic skills underlying 

morphosyntactic learning in developmental language disorder. 

Differences in language treatment approaches. Another possible explanation for this study’s results 

concerns differences in treatment approaches for language and speech sound disorders. Previous language 

treatment studies that incorporated the variability principle have focused on the underlying conceptual deficits 

in learning expressive morphology and expressive vocabulary (Alt et al., 2014; Aguilar et al., 2018; Plante et 

al., 2014). The treatments did not require the children to produce the treatment target. Instead, the treatment 

focused on input-based techniques (e.g., conversational recast, focused stimulation, modeling) in which children 

could track the highly regular presence of their treatment target in the clinician’s input. In regard to children 

with morphological deficits, in the Plante et al. (2014) variability study, children were not provided with 

explicit feedback on their productions. Instead, they likely made the cognitive comparison between their 

productions (correct or incorrect) and the correct models provided by the clinician. In the same way, the Alt et 

al., (2014) study also did not make requirements for the child’s production or require the clinicians to provide 

direct feedback. Instead, the research suggested that the children implicitly tracked the highly regular 

presentation of their expressive vocabulary targets.  

Whereas the techniques in these previous language treatment studies were input-based, the present study 

utilized both input-based and output-based techniques to facilitate speech sound production changes while still 

incorporating the variability principle. Similar to previous language treatment studies, the input-based 

techniques of the present study included the child’s attentive listening of the clinician’s model (see Enhanced 

Conversational Recast, Meyers-Denman & Plante, 2016; Plante et al., 2014; Plante et al., 2018) as well as the 

clinician’s highly regular presentation of the treatment target during a treatment session (e.g., Aguilar et al., 

2018; Alt et al., 2014; Meyers-Denman & Plante, 2016; Plante et al., 2014). However, the present study also 

differed from these previous studies’ input-based methods in two potentially important ways. The first way 
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concerns implicit pattern analysis. The present study required children to implicitly process both linguistic 

patterns (e.g., each exemplar begins with my target phoneme) and phonetic patterns in the treatment 

environment (e.g., each exemplar begins with my target phonetic production). The previous high-variability 

language treatment studies focused exclusively on implicit linguistic pattern analysis (e.g., Aguilar et al., 2018; 

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

The second input-based way the present study differed from previous high-variability language 

treatment studies concerned feedback. Recall that the present study required the clinician to provide continuous 

and explicit feedback on the child’s production of their target sound. Previous high-variability language 

treatment studies excluded explicit feedback (Aguilar, et al., 2018; Alt et al., 2014; Meyers-Denman & Plante, 

2016; Plante et al., 2014). The presence of continuous and explicit feedback may have altered how children 

utilize implicit learning networks. Recent neuroimaging research has suggested that there are differing neural 

networks for explicit and implicit learning mechanisms (Yang & Li, 2012). The present study encouraged 

children to attend to the explicit feedback for correct use of their speech sound, thereby likely activating more 

explicit networks of learning during treatment. Recall that the children in the present study had functional 

speech sound disorders and developmental language disorder. Previous research in neuroimaging has also 

demonstrated that children with developmental language disorder demonstrate deficiencies in their ability to 

process and use external feedback to make corrective actions in a simple task (Arbel & Donchin, 2014). Arbel 

and Donchin (2014) suggested that this deficiency is likely attributed to limits on cognitive processing capacity 

in children with developmental language disorder. In the present study, the children’s cognitive processing load 

was likely increased by the presence of explicit feedback. This increase in processing may have inhibited the 

type of superior learning gains seen with high-variability input in other language treatment studies. 

The presence of output-based techniques also may have influenced results. The current treatment 

required the child’s imitative expressive production of the clinician’s model. This output-based requirement 

differed from previous high-variability language treatment studies (e.g., Aguilar, et al., 2018; Alt et al., 2014; 
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Meyers-Denman & Plante, 2016; Plante et al., 2014). However, output-based requirements are consistent with 

other speech sound disorder treatment studies (see reviews Baker & McLeod, 2011a; Gierut et al., 1996; 

Sugden et al., 2018; Wren et al., 2018). It is recommended that treatment of functional speech sound disorders 

include motor practice and cognitive-linguistic practice of the treatment target (Elbert, 1992; Fey, 1992). In fact, 

the majority of the treatment literature in this area includes explicit production of the speech sound targets (see 

reviews Baker & McLeod, 2011a; Gierut, 1998; Gierut et al., 1996; Sugden et al., 2018; Wren et al., 2018). 

Accurate motor practice is an important aspect of a successful treatment program. This differs from previous 

high-variability language treatment studies which do not require output-based productions. 

Differences from motor learning literature. Now let us consider explanations from the motor learning 

literature. A possible reason for the lack of significant differences between the high- and low-variability 

conditions may be due motor skill learning as it relates to simple versus complex skill acquisition, transfer, and 

retention. The majority of the findings of motor learning principles have emerged from simple skill, as opposed 

to complex skill, learning (Wulf & Shea, 2002). In regard to the present study, complex skill learning is 

important because “[s]peech production is perhaps the most complex motor task performed by humans” 

(Guenther, 1994, p. 43). Whereas simple skills are defined as requiring small amounts of practice, the ability to 

be mastered in a single session, and demand less cognitive effort, complex skills require a higher cognitive load 

and cannot be mastered in a single session (Van Merriënboer, Kester, & Paas, 2006; Wulf & Shea, 2002; Wulf 

et al., 1998). The abundance of research on simple skill learning is likely due to ease associated with 

experimental control, measurement, and isolation of particular parameters (Wulf & Shea, 2002). However, 

differences between simple and complex skill learning do exist. Complex skill learning, particularly at 

beginning stages, may require higher rates of feedback as well as more blocked and constant practice than 

simple skill learning (Wulf & Shea, 2002; Wulf, Shea, & Matschiner, 1998; van Merriënboer, Kester, & Paas, 

2006). In fact, specific parameters, like random variability and intermittent feedback frequency, that are 
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beneficial to simple skill learning may not apply to complex skill learning during acquisition because of the 

high cognitive load required to build the complex skill representation (van Merriënboer et al., 2006).  

In regard to motor learning literature, research points to the supremacy of low-variability in the 

acquisition of a skill, but not for learning (Hall & Magill, 1995; Maas, et al. 2008; Memmert, 2006; Merbah & 

Meulemans, 2011; Schmidt, 1975; Schmidt & Bjork, 1992), although this is not a consistent finding (Albaret & 

Thon, 2003; Jarus & Goverover, 1999; Lai & Shea, 1998; Lai, Shea, Wulf, & Wright, 2000; Shapiro et al., 

1982; Wegman, 1999). Acquisition indicates treatment performance, but does not signify relevant and 

permanent change to outside contexts (Maas et al., 2008; Schmidt & Lee, 2011). Learning, however, is defined 

by aspects of generalization to new contexts as well as retention of learning over time (Kamhi, 2014; Baker & 

McLeod, 2004; Maas et al., 2008; Olswang & Bain, 1994; Schmidt & Lee, 2005). Note that the strength of low-

variability training in the acquisition phase was observed descriptively in the present study. Children in the low-

variability condition had a consistent order and consistent set of practice of words throughout treatment. While 

not statistically significant, more children in the low-variability condition demonstrated stronger acquisition, 

generalization, and retention of their target sound than children in the high-variability condition. This may be 

due to the need for little- to no- variability during the initial period of complex skill learning, like speech sound 

production. A specific schedule of variability practice may provide greater benefits along the continuum of 

target sound learning for the treatment of functional speech sound disorders (i.e., no-variability to low-

variability to high-variability). 

The studies that have emerged examining the application of motor learning principles to the treatment of 

different speech sound disorders have demonstrated mixed results in small samples of participants (Bislick, 

Weir, Spencer, Kendall, & Yorkston, 2012; Maas et al., 2014). Notably, a majority of the studies that have 

examined principles of motor learning have focused on motor-based speech sound disorders (see reviews 

Bislick et al., 2012; Maas et al., 2008; Maas et al., 2014). It may be that there are differences in the application 

of principles of motor learning in the treatment of functional speech sound disorders (e.g., misarticulations or 
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phonological processes) as compared to motor-based speech disorders (i.e., childhood apraxia of speech or 

dysarthria). Few studies exist that have examined the application of principles of motor learning to the treatment 

of children with functional speech sound disorders (Skelton, 2004; Skelton & Funk, 2004; Skelton & Richards, 

2016).  

Yet another explanation that the high-variability condition may not have shown an advantage over the 

low-variability condition may be due to motor learning differences across age ranges. The motor learning 

literature has largely focused on elementary school ages, adolescents, and adults (Del Rey, Whitehurst, & 

Wood, 2011; Pigott & Shapiro, 1984; Ste-Marie, Clark, Findlay, & Latimer, 2004; Wegman, 1999). At this age, 

the participants in these studies may have already developed base skills and may very well be refining motor 

skills that were already in place, rather than developing entirely new motor patterns. For example, an adult 

learning to shoot a basketball may have already held a basketball, passed a basketball, or even shot a basketball 

a few times (Shapiro & Schmidt, 1982). This differs from a child who may not have ever touched a basketball, 

or never correctly produced a particular speech sound.  

In a young child, too much variability, as it relates to complex motor skill learning, may serve as an 

overload to a developing system attempting to identify aspects of complex motor patterns that have not been 

successfully used before (see Wulf & Shea, 2002). However, how much variable practice is too much variable 

practice is unclear. Previous research has identified that children have an easier time developing motor schemas 

when variability is present (Shapiro & Schmidt, 1982). Notably, the quantity and schedule of variable practice, 

particularly for complex skill learning, has not been identified for young children nor young children with 

receptive language deficits as are seen in the present study. The effects of variable practice in different motor 

learning tasks (e.g., simple vs. complex) may vary depending on age, experience, and task comprehension level 

(Albaret & Thon, 2003; Del Rey et al., 2011; Guadagnoll & Lee, 2004; Pollock & Lee, 1997; Shea, Lai, Wright, 

Immink, & Black, 2001). In addition, as noted by Lai et al. (2000) a hierarchical program of practice variability 

levels (e.g., constant practice to low-variability practice to high-variability practice) may better serve particular 
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learners. Young children with receptive language deficits may require a constant and/or low-variability practice 

period for initial complex skill learning. This time period may better support acquisition and formulation of a 

motor plan prior to benefitting from a high-variability practice period. 

Previous case studies examining motor learning principles within speech sound disorder treatment, 

including childhood apraxia of speech, have utilized an establishment phase or pretreatment phase in which the 

speech sound target is taught in extremely low- to no-variability conditions (e.g., in isolation and limited 

consonant-vowel and vowel-consonant contexts) prior to highly-variable treatments (Skelton, 2004; Skelton & 

Funk, 2004; Skelton & Richards, 2016). Instead of variable practice, constant practice of the speech sound 

target in isolation or limited sound contexts is used in these initial stages of acquisition. Based on this reasoning, 

the slightly larger gains made by children in the low-variability condition may be due to the consistent practice 

afforded them at the initial stages of acquisition of their speech sound. Even if this is the case, it is yet unknown 

how much stability is required to maximize treatment (e.g., practice of sound in isolation, practice in consistent 

CVC contexts, and practice in limited real word contexts).  

Clinical Implications 

The present study provides early efficacy evidence for the use of a short and frequent treatment schedule 

for preschool children with functional speech sound disorders. This treatment schedule is defined by dose 

number per session and not session duration. Whereas current literature and expert opinion recommend larger 

dose numbers per session (e.g., 50-100+) generalization of learning was observed with only 24 production trials 

per session in 23 sessions. Furthermore, sessions were short, lasting as little as 5 minutes per child, with a range 

up to 15 minutes. This makes individual treatment of speech sound disorders highly feasible even with high 

caseload numbers. 

In addition to treatment efficacy and efficiency, the present study also offers evidence for the treatment 

of functional speech sound disorders in children with developmental language disorder. Several functional 

speech sound disorders treatment studies include participants with normal receptive language skills (see 
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Cummings & Barlow, 2011; Cummings, et al., 2019; Elbert et al., 1991; Forrest, et al., 2000; McLeod et al, 

2017; Montgomery & Bonderman, 1989) or participants with normal expressive and receptive language skills 

(Adams et al., 2000; Baker & McLeod, 2004a; Bradford, 2002; Gierut, 2008b; Gierut & Morrisette, 2012a, 

2012b; Gierut, Morrisette, & Younger, 2014; Gierut et al., 2010). The children in the present study 

demonstrated moderate-severe deficiencies in their expressive and receptive language skills. They faced 

challenges associated with task and feedback comprehension during treatment. Treatment methods, such as 

eliciting imitative production of the treatment target and using visuals, were utilized to provide additional 

support to these children. This study now adds to the evidence-base for children with comorbid speech and 

language deficits, which characterizes a large percentage of children with speech sound disorders.  

Conclusions 

The present study sought to compare learning outcome differences between high- and low-exemplar 

variability practice conditions in children with functional speech sound disorders. While learning was observed 

across conditions, no significant differences were found between high- and low-exemplar variability practice. 

The present study demonstrates support for a short and frequent treatment schedule for preschool-aged children 

with functional speech sound disorders and developmental language disorder. However, further research on the 

structure of exemplar variability practice is needed to best understand the effect of exemplar variability within 

the treatment of functional speech sound disorders. 
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APPENDIX A – BASELINE & GENERALIZATION PROBE WORDS 

 
 
/k/ 
cage 
call 
cave 
cob 
comet 
couch 
coughing 
cutting 
kissing 
kitten 
 

/l/ 
ladder 
lady 
laughing 
leash 
leg 
legos 
lettuce 
limb 
long 
love 
 

/ɹ/  
raining 
raisins 
rash 
reading 
rich 
rock 
rosy 
rug 
running 
wrong 
 

/ʃ/ 
shake 
shampoo 
sharp 
shave 
shelf 
shot 
shouting 
shovel 
shower 
sharing 
 

/θ/ 
thank you 
theater 
thief 
thigh 
thing 
thinking 
thirsty 
thorns 
thumb 
thunder 
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APPENDIX B – TREATMENT EXEMPLARS 

 

/k/ High-Variability Treatment Exemplar 

Monosyllabic 
cab 
calf 
calm 
calves 
came 
camp 
camped 
can 
cane 
can't 
cap 
cape 
car 
card 
care 
cart 
carve 
case 
cash 
cask 
cat 
catch 
caught 
caulk 
caw 
cay 
chord 
coach 
coal 
coarse 
coast 
coat 
coax 
cod 
code 
cog 
coil 
coin 
cold 
colt 
comb 
come 
con 
cone 

coo 
cook 
cool 
coop 
coot 
cop 
cope 
cord 
core 
cork 
corn 
cost 
cot 
count 
course 
court 
cove 
cow 
cowl 
coy 
cub 
cud 
cuff 
cull 
curb 
curd 
curl 
curve 
kale 
keep 
kelp 
key 
kid 
kiln 
kilt 
kin 
kind 
king 
kit 
kite 
 
Multisyllabic 
cabbage 
cabby 
cabin 

cabinet 
cable 
caboose 
caddie 
cadet 
café 
caiman 
calendar 
California 
camel 
camera 
camper 
campfire 
campus 
Canada 
canal 
canary 
cancel 
candle 
candy 
canine 
canister 
canoe 
canon 
canopy 
cantaloupe 
canteen 
canyon 
caper 
capitol 
capsule 
captain 
capuchin 
carat (carrot) 
cardboard 
career 
cargo 
caring 
caramel 
carob 
carousel 
carpenter 
carpet 
carriage 
carrot 

carry 
carton 
cartoon 
cashew 
cashier 
cassette 
casting 
castle 
catcher 
cater 
caterpillar 
cattle 
cauldron 
cauliflower 
caution 
cavern 
chameleon 
chemistry 
chorus 
coati 
cobalt (blue) 
cobbler 
cobra 
cobweb 
cockatoo 
cockpit 
cockroach 
cocoa 
coconut 
coffee 
cola 
collar 
collect 
collide 
collie 
cologne 
colonel 
color 
colosseum 
column 
comic 
comma 
concha 
confetti 
controller 
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cookbook 
cooking 
coping saw 
copper 
copy 
corner 
cornfield 
corral 
correct 
costume 
cottage 
cotton 

cougar 
counting 
couple 
cousin 
cover 
cowbell 
cowboy 
cower 
coyote 
cozy 
cuddle 
cupboard 

curlew 
currant 
curry 
curtain 
katydid 
kayak 
kennel 
ketchup 
kettle 
key chain 
keyboard 
khaki 

kickball 
kicker 
killer whale 
kimono 
kindergarten 
king vulture 
kitchen 
koala 
komodo dragon 
kookaburra 
kori 
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/k/ Low-Variability Treatment Exemplars 
 
Monosyllabic 
calm 
cod 
kale 
 
Multisyllabic 
Canoe 
Casting 
Column 
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/l/ High-Variability Treatment Exemplars 
 
Monosyllabic 
lace 
lad 
lair 
lake 
lamb 
land 
lane 
lap 
large 
lark 
lash 
lass 
last 
latch 
late 
lathe 
launch 
law 
lawn 
lay 
lead 
leak 
leap 
learn 
led 
ledge 
leech 
left 
lei 
length 
lens 
less 
lick 
lid 
lift 

light 
lime 
limp 
line 
link 
lint 
lip 
list 
lit 
load 
loaf 
loath 
lob 
lobe 
lock 
lodge 
loft 
log 
look 
loom 
loon 
loop 
loose 
loot 
lop 
lose 
lost 
lot 
loud 
low 
lox 
luck 
lug 
lump 
lunch 
lung 

lush 
lute 
lynx 
lyre 
 
Multisyllabic 
ladybug 
lagoon 
landing 
landscape 
lantern 
lanyard 
larkspur 
laser 
lasso 
lather 
lattice 
laundry 
lava 
lavatory 
lawnmower 
lawyer 
lay-up 
layer 
layette 
lazy 
leapfrog 
leather 
lecture 
legume 
lemming 
lemon 
letter 
levee 
liberty (bell) 
library 

license 
licorice 
life-raft 
lifeboat 
lifeguard 
lifesaver 
lighthouse 
lightning 
lima (beans) 
limbo 
limeade 
limestone 
limit (speed) 
limo 
lipstick 
liquid 
litter 
liver 
livestock 
lizard 
llama 
loafer 
lobster 
locker 
locket 
locust 
lodging 
log-on 
logo 
lotion 
lotto 
lozenge 
luggage 
lumpy 
lyric
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/l/ Low-Variability Treatment Exemplars 
 
Monosyllabic 
lark  
link 
latch 
 
Multisyllabic 
lecture 
limeade 
llama 
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/ʃ/ High-Variability Treatment Exemplars 
 
Monosyllabic 
chaise 
chef 
chic 
shack 
shad 
shades 
shaft 
shag 
shale 
sham (pillow) 
shame 
shapes 
shark 
shawl 
she 
sheaf 
shears 
sheath 
shed 
sheen 
sheep 
sheer 
sheets 

shell 
shield 
shift 
shin 
shine 
ship 
shirt 
shoal 
shoat 
shook 
shoot (basketball) 
shop 
shore 
shorn 
short 
shove 
show 
shuck (corn) 
shunt 
shush 
shut 
shy 
sure 
 

Multisyllabic 
chalet 
chamois 
chandelier 
chateau 
chauffer 
chenille 
chevron 
chevy 
chiffon 
shabby 
shackle 
shadow 
shaggy 
shaker 
shallow 
shammy 
shamrock 
shanty 
shatter 
sheba inu 
shedding 
shelter 
shepherd 

sherbet 
sheriff 
shetland pony 
shilling 
shimmy 
shindig 
shiny 
shipment 
shipwreck 
shiver 
shocking 
shooting star 
shortcake 
shortstop 
shoulder 
shuffle 
shutdown 
shutters 
shuttle 
sugar 
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/ʃ/ Low-Variability Treatment Exemplars 
 
Monosyllabic 
shawl 
chef 
chic 
 
Multisyllabic 
shelter 
shutters 
shocking 
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/ɹ/ High-Variability Treatment Exemplar 
 
Monosyllabic 
race 
rack 
raft 
rag 
rake 
ram 
rang 
rat 
rate 
raw 
ray 
reach 
ream 
reap 
red 
reeds 
reef 
reel 
ribs 
rice 
rid 
ride 
ridge 
rig 
right 
rim 
rind 
rings 
rink 
rinse 
rip 
ripe 
rise 

risk 
road 
roam 
roast 
robe 
rod 
rogue 
rolls 
roof 
rook 
room 
roost 
roots 
rope 
rose 
rot 
rough 
round 
route 
rove 
row 
rub 
rude 
rules 
rung 
rush 
ruts 
rye 
wrapped 
wren 
wrench 
wrist 
write 
 

Multisyllabic 
rabbit 
rabies 
raccoon 
racing 
racket 
racquetball 
radio 
radish 
radius 
raffle 
railway 
rancher 
rapids 
rattle 
rattlesnake 
raven 
ravine 
rawhide 
rebels 
receipt 
recess 
recital 
rectangle 
recycle 
redeem 
refuse 
relatives 
relax 
reptile 
request 
rescued 
resort 
retina 

reuben (sandwich) 
rhesus monkey 
rhinestones 
rhinoceros 
ribbon 
rickshaw 
riddle 
ringlet 
ripple 
riptide 
rivet 
roadway 
robin 
robot 
rocket 
rodent 
roller skates 
rolling pin 
romper (clothes) 
rootbeer 
rotate 
rotten 
rowboat 
royalty 
rubbish 
rubble 
ruby 
ruffles 
rupee 
rusty 
rutabaga 
wrestle 
wrinkles 
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/θ/ Low-Variability Treatment Exemplar 
 
Monosyllabic 
thatch 
thongs 
theme 
 
Multisyllabic 
thermometer 
thawing 
thicket 
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