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ABSTRACT OF THE DISSERTATION 

 

Advancing efficient and equitable intervention for children with phonological disorder 

by 

Philip Combiths 

Doctor of Philosophy in Language and Communicative Disorders 

 

 

San Diego State University, 2021 

University of California San Diego, 2021 

 

Jessica Barlow, Chair 

Sonja Pruitt-Lord, Co-Chair 

 

Phonological disorder is a language impairment with no known cause that primarily 

affects the phonological domain. It is a highly prevalent and impactful communication disorder, 

yet it has a relatively stagnant history of standardized or relational assessment techniques and 

traditional, bottom-up remediation approaches designed, primarily, for monolingual speakers of 

majority varieties of English. Although assessment and treatment for phonological disorder is 

effective, traditional approaches are not optimized for maximizing efficient phonological growth, 



xxii 

which may be achievable by incorporating knowledge of complex phonological structure into the 

target selection process. Further, the evidence base fails to address the diverse impairment 

profiles and language backgrounds of many children with phonological disorder. By drawing on 

our understanding of phonology, phonological analysis, and phonological development, we can 

work towards advancing efficient and equitable assessment and intervention approaches for a 

clinically and linguistically diverse population of children with phonological disorder. 

Chapter 1 provides an overview of the current state of intervention for phonological 

disorder, highlighting areas of need related to the efficiency and equity of clinical services for 

this population. Chapter 2 describes a new assessment tool, AutoPATT, and a study examining 

its validity and accuracy for generating independent, descriptive phonological assessment 

measures. Chapter 3 investigates the relationship between phonemic inventories generated by 

AutoPATT and more traditional accuracy measures by comparing both measures derived from 

single-word productions of 275 English-speaking children with phonological disorder. Chapter 4 

examines the phonological influences affecting explicit marking of English tense and agreement 

morphemes in the connected speech of typically developing Spanish-English bilingual children. 

Chapter 5 presents a case study exploring the use of a word-final treatment target containing 

complex phonological and morphological components to remediate co-occurring phonological 

and morphosyntactic deficits. Chapter 6 is a study comparing the efficacy and efficiency of 

treatment with complex consonant clusters and singleton targets in Spanish for Spanish-English 

bilingual children with phonological disorder. Chapter 7 concludes with a general discussion of 

the findings from these studies and describes pathways for continued work to advance the 

efficiency and equity of assessment and treatment for phonological disorder. 



CHAPTER 1: 

Introduction 

1



Phonology and Phonological Disorder 

Developmental language impairments, which can negatively affect the time course and 

ultimate attainment of language (Bishop et al., 2016; Gierut, 1998b) are highly prevalent 

communication disorders that collectively affect 8% or more of preschool and early school-age 

children (Black et al., 2015a; Eadie et al., 2014; Law et al., 2000; Shriberg et al., 1999; Tomblin 

et al., 1997; Wren et al., 2016). In this discussion, we are concerned with language impairments 

insofar as they impact, primarily, the phonological domain of language. When the acquisition or 

production of phonological structures is functionally impaired, such that a child’s intelligibility or 

communication ability is significantly reduced compared to their typically developing peers, the 

impairment is most frequently classified as phonological disorder (PD; Shriberg & Kwiatkowski, 

1982). When a developmental language impairment is similarly evidenced at the level of 

morphology or larger linguistic units (e.g., words or phrases) in the absence of another known 

the cause, the impairment has most recently been termed developmental language disorder 

(DLD; Bishop et al., 2017), although decades of prior research have used the term specific 

language impairment (e.g., Rice & Wexler, 1996). In either case, the etiology of these language 

impairments is poorly understood (Gierut, 1998b; Leonard, 2014), and their impact is apparent 

in both linguistic and non-linguistic domains (Clark & Lum, 2017; Dodd et al., 1989; Lewis et al., 

2006).  

In speech-language pathology, as the name itself suggests, there has traditionally been 

a divide between the clinical domains of speech (i.e., articulation and speech sound production) 

and language (i.e., grammar and rule-based use of linguistic units). However, the linguistic 

domain of phonology blatantly straddles this clinical division between speech and language. 

Human language evidences rule-based phonological structure that governs the contrastive units 

which combine to form morphemes and words. This is true in both spoken and sign languages 

(Brentari et al., 2018) and is thus not relegated only to the domain of speech. In spoken 

2



languages, this contrastive unit is the phoneme, an abstract and categorical representation of a 

speech sound unit that users of the same language variety perceive and produce according to 

mutually consistent parameters to differentiate word forms and create the basis of a shared, 

symbolic, and mutually intelligible language system. 

When phonological representations are relatively consistent across individuals, as is the 

case with speakers of the same language variety, a sequence of phonemes, like /bæt/ in 

English, is consistently associated with one or a set of potential meanings, which can be further 

specified by context. Together, the phonological form and its associated semantic value(s) 

create a morpheme, lexeme, or word—in this case, “bat.” An English speaker can thus produce 

this word with confidence that another proficient English speaker would unambiguously perceive 

and interpret /bæt/ as the intended word “bat,” with its corresponding, context-bound meaning. 

The power of phonology and the phoneme unit is exemplified by the ability to transform one 

word into a completely unrelated word by substituting just a single phoneme. For instance, in 

English, /bæt/ “bat” becomes /pæt/ “pat” by substituting only the voiced bilabial plosive /b/ with 

its voiceless counterpart /p/. Acoustically, /b/ and /p/ are nearly identical, save for a difference in 

timing of the onset of voicing relative to the segment’s burst release. Such a small acoustic 

difference results in two words that are, semantically, completely distinct. For such a small 

acoustic difference to result in the production and/or perception of distinct words, the 

parameters that define the shared set of phoneme units in mutually intelligible language 

varieties must be calibrated across users of that language variety.  

In language acquisition, the precise and timely development of one or more phonological 

systems is thus crucial to the progression of all aspects of language and is simultaneously no 

small feat. As illustrated above, the articulatory and perceptual parameters defining contrastive 

phonemes must be acquired. The acquisition and continued refinement of these parameters is, 

by itself, an impressive task. To give an outstanding example, Taa (also known as !Xóõ) is one 
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language documented to contrast between 89 and 107 phonemes (for comparison, English and 

Spanish contrast between 38–50 and 22–25 phonemes, respectively; Ladefoged & Maddieson, 

1996). Furthermore, phonemes are subject to context-sensitive rules which govern their 

phonetic production (i.e., allophones) and constrain the use of phonemes in certain 

environments. These context-based patterns also highlight the non-linear structure of 

phonology—namely that phonemes are not only sequenced but also arranged within a 

hierarchical structure involving multiple tiers of prosodic units (e.g., syllables, morae). Although 

the specific conceptualization of these suprasegmental units varies across phonological 

frameworks (Jun, 2005), there is strong support for the psycholinguistic reality of prosodic 

structure in phonological systems, including allophonic patterns and speech errors by 

unimpaired speakers and those with developmental and acquired language disorders 

(Goldsmith, 2011; Macrae & Tyler, 2014; Romani et al., 2011). These and other aspects of 

language cannot be adequately described by a phonology based exclusively on linear phoneme 

sequencing. 

As our understanding of phonology as a structured language system continues to 

advance, so must our understanding of the role of phonological structure in typical and atypical 

acquisition of speech and language. Given the multifaceted complexity of phonological structure 

that must be acquired during language development, the primary goal of the research presented 

here is to leverage our understanding of segmental and syllable-level phonology to provide 

more effective and accessible clinical services for children with language impairments affecting 

phonological development. 

Efficient Intervention for Phonological Disorder 

In speech-language pathology, the efficacy and efficiency of assessment and treatment 

have been focal areas of investigation and are critical for evidence-based service provision 

(Kamhi, 2006). Treatment for speech sound disorders, which include PD in addition to other 
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functional and organic speech impairments, has perhaps the longest history in the profession. 

So called “speech doctors” or “speech correctionists” emerged in the late 19th century, providing 

speech coaching and treatment for individuals with communication challenges related to speech 

production and/or stuttering. The first “speech correction” organizations were established in the 

early 20th century with the formation of the National Society for the Study and Correction of 

Speech Disorders in 1918 and the American Academy of Speech Correction in 1925. The latter 

would later become the American Speech and Hearing Association in 1947, only formally 

acknowledging “language” in 1978 when it became the American Speech-Language-Hearing 

Association (American Speech-Language Hearing Association, 2021; Duchan, 2002). 

The history of speech treatment in this profession is relevant to this discussion for a few 

reasons. First, the relatively longer history of speech (and associated aspects of phonology) 

may be related to both its salience in communication and its malleability with intervention. 

Speech sound disorders are noticeable, often immediately upon speaking. This has 

ramifications for the effect of speech sound disorders on communication as well as psycho-

social and emotional development and academic and occupational attainment (Beitchman, 

Wilson, Brownlie, Walters, Inglis, et al., 1996; Beitchman, Wilson, Brownlie, Walters, & Lancee, 

1996; Felsenfeld et al., 1992, 1994; Lewis et al., 2016; Peterson et al., 2009). 

The early impact of speech sound disorders on speech production and intelligibility can 

be mitigated with treatment, and this has been shown with some degree of consistency across 

treatment approaches in meta-analyses (Law et al., 2004; Wren et al., 2018). In contrast, 

outside of expressive vocabulary, the effect of treatment targeting other language domains, 

such as morphology, syntax, or pragmatics, may not be as consistent (Law et al., 2004). 

Second, the long-standing history of speech in the profession may impact the novelty of our 

approaches to assessment and treatment of speech sound disorders. Given a history of 

effective speech intervention, traditional approaches to speech assessment and especially 
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treatment, dating back to methodologies outlined in Van Riper (1939), are still the most 

commonly implemented methods of service provision for children with speech sound disorders 

(McLeod & Baker, 2014). 

The immediate functional impact of PD is reduced speech intelligibility (Shriberg & 

Kwiatkowski, 1994). This alone is a considerable barrier to communication; however, other 

areas of linguistic and non-linguistic development may also be at risk (e.g., Lewis et al., 2016). 

Further, the complexity of phonological structure suggests that there is much more at play than 

misarticulation when children produce words in error or when the acquisition of phonology does 

not follow the typical trajectory. Consequently, our understanding of phonology and its role in 

understanding the deficits associated with PD could present novel pathways for improving the 

efficiency of assessment and treatment by addressing the phonological system, rather than just 

the surface presentation of speech “errors.” 

Perspectives on Treatment Efficiency 

Approaches to target selection in treatment for PD provide important context for the 

studies in this dissertation which address treatment efficiency. To provide this background, we 

proceed with a critical and integrated examination of the literature on approaches to treatment 

target selection, the aspect of treatment for PD that has most consistently been implicated in 

impacting treatment efficiency (Kamhi, 2006).  

Treatment for PD is provided by a speech-language pathologist or other appropriately 

qualified clinician with the goal of improving the child’s intelligibility by inducing improvement to 

the child’s inaccurately produced structures. Most treatment for PD targets consonant 

phonemes (e.g., /p/, /k/, /s/, /l/) or consonant clusters (e.g., /kl/, /spl/). Even intervention 

approaches that target phonological processes (e.g., stopping, final consonant deletion, cluster 

reduction), natural classes of phonemes (e.g., fricatives, liquids), feature contrasts (e.g., 
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stridency), or phoneme contrasts (e.g., /s/ vs. /θ/) generally target particular phonemes or 

clusters as exemplars of these broader phonological targets (Baker et al., 2018; Gierut, 1998b; 

Law et al., 2004; McLeod & Baker, 2014). 

Most preschool and early school-age children with PD have multiple production errors 

affecting many consonants or consonant clusters (e.g., Shriberg & Kwiatkowski, 1994). There is 

very little research to inform the ideal number of targets to train at a given time, although one 

comparative study found little difference when multiple or single targets were used (Tyler et al., 

1987). The current assumption is that one sound can be trained in isolation or multiple sounds 

can be trained simultaneously or “cycled” (see Hodson & Paden, 1983). In either case, the 

intervening clinician must determine which phonological structure or structures to target first, 

and, subsequently, in what order to target the remaining structures. In the traditional approach 

(e.g., Rvachew & Nowak, 2001), treatment targets are selected in developmental sequence, 

based on normative speech acquisition data, so that relatively simpler structures are targeted 

first. Conversely, in a complexity approach (e.g., Gierut & Morrisette, 2012), targets are selected 

in an inverted developmental sequence so that more complex structures are targeted first. As 

will be discussed, such approaches to target selection may differentially impact the efficiency of 

treatment for children with PD. 

Traditional Approach 

A traditional approach to target selection reflects target selection criteria that have been 

used for decades to treat speech production errors à la Van Riper (1939):  

“In cases where the person makes more than one error, it is well to work with the 

sounds according to their usual developmental order: first the lip sounds, then 

the dentals, then the gutturals, then the complicated tongue sounds, and, finally, 

the blends.” (p. 205) 
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Consequently, a traditional, normative approach to treatment target selection entails first 

targeting sounds that are early developing according to normative data (Goldman & Fristoe, 

2000; McLeod & Crowe, 2018; Smit et al., 1990; Templin, 1957; Wellman et al., 1931) and that 

the child produces with some error. Because developmentally early-acquired structures are 

expected to improve quickly (Dyer et al., 1987; Rvachew, 2005; Rvachew & Nowak, 2001; cf., 

Tyler & Figurski, 1994), this approach facilitates rapid mastery of the target and is expected to 

improve intelligibility by expediting progression through treatment targets (Rvachew & Nowak, 

2001). This approach is also compatible with such well-established developmental theories as 

Vygotsky’s (1978) zones of proximal development because it creates a stepwise pathway 

upward to the ultimate target of adult-like, intelligible speech production.  

In its more recent iterations (e.g., Rvachew & Bernhardt, 2010), a traditional approach 

pertains not only to the normative developmental sequence of sound acquisition, but also to 

child-internal factors related to the target, such as a baseline ability to imitate the sound (i.e., 

stimulability) and level of pre-treatment knowledge (operationalized as percentage of accurate 

use, contrastive use, or presence in the segmental inventory, among others). In line with the 

selection of developmentally early-acquired sounds, targets are selected such that child-internal 

factors would also support faster acquisition of the treated target—namely, stimulability and 

some pre-treatment knowledge of the sound’s use. As with early-acquired phonological 

structures, sounds for which a child has more pre-treatment knowledge have been shown to 

improve more rapidly during treatment (Rudolph & Wendt, 2014; Rvachew & Nowak, 2001; 

Tyler et al., 1993). Thus, targeting simpler (i.e., developmentally earlier acquired and known by 

the child) phonological structures results in efficient improvement of the targeted structure. 

Because this stepwise progression from simpler to more complex phonological 

structures during treatment mimics the developmental sequence, this approach is expected to 

be easier to implement, for both the learning child and their clinician. Per Rvachew and Nowak 
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(2001, p. 610), “it is important that the child not feel frustrated or discouraged by the therapy 

process.” By targeting earlier-developing sounds for which the child has some pre-existing 

knowledge or capacity, the target is acquired more quickly and, presumably, with less 

frustration. As for ease of instruction, few would argue with the claim that it is easier to teach 

simple subtraction than complex long division; similarly, it should be easier to teach a child to 

master /k/ than a more complex phoneme, /ɹ/, or complex cluster, /fɹ/. It is noted, however, that 

there is little experimental support for these claims related to difficulty of instruction. For 

instance, Rvachew and Nowak (2001) found that children treated for simpler sounds rated 

therapy just as positively as children treated for more complex sounds. 

Rvachew and Bernhardt (2010) appeal to dynamic systems theory (Fogel & Thelen, 

1987) to further support a traditional approach to target selection. Dynamic systems theories 

have existed for some time in the domains of physics, mathematics, biology, and psychology 

(Thelen & Smith, 2007), and, within the realm of human behavior, dynamic systems have 

received much attention in research on the acquisition of increasingly complex motor behaviors 

(e.g., Thelen, 1995). The crux of this theory is the fluid contribution of interacting systems to the 

emergence of novel, complex behavior. Essentially, dynamic systems theory formalizes “self-

organization,” the process by which “[novel] pattern and order emerge from the interactions of 

the components of a complex system without explicit instructions, either in the organism itself or 

from the environment” (Thelen & Smith, 2007, p. 259). Crucially, much of the change that 

occurs within dynamic systems can occur covertly. Multiple small changes occurring across 

interacting systems may go unnoticed or appear as inconsistencies or variability. However, at 

some indeterminate point, a small change can trigger one or many observable behavioral 

changes (such as the emergence of a new, more complex sound production pattern). In this 

scenario, the new behavior is not the product of the one small “trigger” change, but rather the 

product of accumulated changes prior to and including the trigger. 
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In a between-subjects experiment with randomized group assignment, Rvachew and 

Nowak (2001) compared two groups of children with PD (N = 48) who received treatment 

targeting either simpler or more complex targets. They found that children trained with earlier-

acquired, most-known targets mastered their targets more rapidly than those trained with later-

acquired, least-known targets. They did not find group differences in generalized learning to 

non-treated phonological structures (i.e., improvement to sounds not targeted during treatment). 

Several years later, Rvachew and Bernhardt (2010) re-analyzed data from a subset of 

six participants in Rvachew and Nowak (2001). They reported that three children treated with 

simpler targets demonstrated greater improvement to their treated and untreated sounds than 

three children treated with more complex targets (cf. Gierut et al., 1996; Morrisette & Gierut, 

2003). Although there are limitations to a retrospective re-interpretation of these data that is 

incongruent with the inconclusive group outcomes of the original study, the observable 

improvement in novel, untreated, and even more complex sounds following treatment of a 

simple target is analogous to the effect of a “trigger” change within a dynamic system. In short, a 

dynamic systems framework allows for the observation of widespread or cascading 

improvements in speech-sound production following introduction of a single, relatively simple 

sound or even strengthening knowledge of a sound already used with some accuracy by the 

child.  

At the core of a dynamic systems framework, however, is the idea that we cannot know 

or predict which targets are expected to trigger change in the form of novel, more complex 

phonological productions. Consequently, it seems counter-intuitive that this framework, which 

eschews the role of input, would be cited in support of any one target selection criterion over 

another. It could be said that dynamic systems theory does not necessarily support a normative 

approach over a complexity approach but rather circumvents the role of a particular target 

entirely and provides a suitable explanation to account for cascading improvements induced by 
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treatment using a target of any type. Nevertheless, the three participants treated with simple 

targets in Rvachew and Bernhardt (2010) demonstrated improvement in more untreated sounds 

than the three participants treated with more complex targets (cf. Gierut et al., 1987; Gierut et 

al., 1996; Powell et al., 1991; Tyler & Figurski, 1994).  

Complexity Approach 

A complexity approach to target selection is squarely juxtaposed with the target selection 

criteria of a traditional, normative approach. A complexity approach suggests that the optimal 

treatment target is linguistically more complex, which means these targets are generally later-

developing (Gierut et al., 1996). Similarly, this approach also recommends treatment targets for 

which the child demonstrates least knowledge and that are produced with little or no accuracy 

(Gierut et al., 1987), even in imitation (i.e., nonstimulable sounds; Powell et al., 1991). 

Opposing target selection criteria in complexity and traditional approaches can be 

attributed in large part to their diverging views on outcome goals and input. Excepting the 

relatively more recent suggestion that simple phonological targets can trigger development of 

untreated, complex sounds (Rvachew & Bernhardt, 2010; cf. Gierut et al., 1996), the original 

goal of a traditional approach was to facilitate movement through successive treatment targets, 

with mastery of each target contributing to the child’s phonological development (Rvachew & 

Nowak, 2001; Van Riper, 1939). In contrast, the goal of a complexity approach is not mastery of 

the target structure, but rather the system-wide impact of improvement to untreated simpler 

phonological structures (Gierut, 2007). 

Language learnability theory, the theoretical framework most often cited in support of a 

complexity approach, is linguistic rather than behavioral or psychological in its motivation, 

derived from typological descriptions of human language patterns (Chomsky & Halle, 1968; 

Clements, 1990; Greenberg, 1978; Ladefoged & Maddieson, 1996; Lindblom & Maddieson, 
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1988; Maddieson, 1984) and in the language of children across stages of development (Pinker, 

1984; Tesar & Smolensky, 1998; Wexler, 1982; Wexler & Culicover, 1980). From these 

observations, language universals, implicational laws, and markednesss relationships have 

been deduced, suggesting that language predictably follows expected patterns and restrictions. 

The relationship between a complex linguistic structure and its corresponding simpler 

“prerequisite” structure(s) has been referred to as markedness (Prince & Smolensky, 1993). 

Following this terminology, a marked structure necessarily implies an unmarked structure. A 

phonological example of this phenomenon would be the relationship between stop and fricative 

consonants. Typologically, all known languages have stop consonants, but not all languages 

have fricative consonants. These sound classes maintain a markedness relationship in that no 

language includes (marked) fricatives that does not also include (unmarked) stops (i.e., 

fricatives imply stops;  Greenberg, 1978; Ladefoged & Maddieson, 1996). Similarly, sonority—a 

phonological construct related to acoustic intensity—has been associated with a markedness 

relationship between types of consonant clusters. Adjacent, tautosyllabic consonants whose 

sonority levels are more distant (e.g., /t/ and /w/ in /tw-/) are considered simple and unmarked 

relative to those whose sonority levels are close (e.g., /f/ and / ɹ/ in /fɹ-/). Thus, presence of low 

sonority distance clusters implies presence of high sonority distance clusters (Blevins, 1995; 

Clements, 1990). Because children also maintain lawful linguistic systems (Jakobson, 1968)—

and despite their near-constant state of change—acquisition follows these same markedness 

principles. As such, children mirror cross-linguistic patterns in that they tend to acquire stops 

before they acquire fricatives (Smit et al., 1990) and high sonority distance clusters before they 

acquire low sonority distance clusters (Gierut, 1999; McLeod et al., 2001; Smit et al., 1990). 

Such implicational laws have been documented for a variety of phonological parameters and 

structures, including those that are often used to identify complex (i.e., marked) treatment 

targets (shown in Table 1-1; see also Barlow et al., 2011; Gierut, 2007). 
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Table 1-1. Implicational laws for complex treatment target selection. 

Note. Adapted from Barlow, Taps, and Storkel (2011) and Gierut (2007). Marked phonological structure 

(left) implies the corresponding unmarked phonological structure (right). SD = Sonority distance.  

In the purest form of learnability theory, these laws can be successfully applied to any 

adult or child language, accurately predicting the occurrence (or non-occurrence) of phonemes 

or other phonological or supraphonological structures based on the other elements that exist 

within that system (for an overview, see Gierut, 2007). In other words, children (both typically 

developing and with PD) present with lawful linguistic systems subject to the same constraints 

and implicational relationships that govern the target languages they are acquiring (Dinnsen, 

1992; Dinnsen et al., 1990; Jakobson, 1968; Leonard, 1992). The existence of these language 

universals has spawned a variety of nativist, empiricist, and non-linguistic explanations that are 

hotly contested and actively evolving (e.g., Cysouw, 2003; Watts & Rose, 2020). Nevertheless, 

these implicational patterns in adult and child language systems are robustly attested, and a 

complexity approach ostensibly capitalizes on these patterns to stimulate phonological 

acquisition.  

Crucially—and in contrast to dynamic systems theory—a language learnability 

framework also emphasizes the role of input in defining an individual’s language-specific 

learning trajectory. For children with PD, this becomes relevant when these language laws are 

Implicational Law 

Marked Structure Unmarked Structure Evidence 

Small SD Clusters 

 

Large SD Clusters Gierut, 1999 

Clusters Singletons Gierut & Champion, 2001 

Clusters Affricates Gierut & O’Connor, 2002 

Liquids Nasals Dinnsen et al., 1990 

Affricates Fricatives Gierut et al., 1994 

Fricatives Stops Dinnsen & Elbert, 1984 
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applied to the acquisition of new phonological structures or contrasts between structures in 

targeted intervention. Per this framework, a given child at a given point in time has a unique and 

lawful language system that is, generally speaking, a subset of the target adult system. 

Deliberate exposure to phonological input outside of the bounds of the child’s subset system 

requires the child’s language system to expand to accommodate this new input. Consequently, 

when a child acquires a highly complex structure, they are expected to also acquire simpler 

prerequisite structures that are required of a lawful phonological system. Thus, language 

learnability theory supports the prediction that untreated phonological structures can be 

acquired through deliberate exposure and consequent acquisition (i.e., treatment) of a more 

marked phonological target. This emphasis on introducing a particular structure as input to the 

child’s developing language system is a considerable divergence from dynamic systems theory, 

which minimizes the role of a particular input in the induction of change, improvement, or 

development.  

As with the relationship between dynamic systems theory and a normative approach, 

learnability theory is a broad framework that accommodates the predictions of a complexity 

approach but is not necessarily exclusive to it. The full range of permissible variations required 

of the input to allow children to successfully acquire new target forms (Gierut, 2007) is arguably 

attainable through other treatment approaches. For instance, the cycles approach (Hodson & 

Paden, 1983), a popular normative approach utilizing systematically cycled targets, exposes the 

child to a greater breadth of phonological input. By targeting a phonological process rather than 

one or a few speech sounds, this approach systematically exposes the child to a variety of 

target speech sounds during each step and, furthermore, does so in a variety of contexts as 

treatment progresses. In fact, this level of variability has been shown to improve learnability in 

other language domains (e.g., Aguilar et al., 2018; Plante & Gómez, 2018; Plante et al., 2014), 
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although this effect has not yet been replicated in treatment for phonological disorder (Oglivie, 

2019).  

Although aspects of learnability can support multiple treatment approaches, a complexity 

approach is unique in its reliance on implicational laws to improve learning of untargeted 

structures. Many aspects of complexity have been applied to treatment target selection, 

summarily categorizable as either child external or child internal. Child-external factors are 

related to the phonological target’s typological, linguistic, or normative characteristics that define 

its relative complexity. These factors include normative age of acquisition (Gierut et al., 1996) 

and linguistic markedness (Dinnsen et al., 1990; Dinnsen & Elbert, 1984). These external 

factors are considered immutable characteristics that would uniformly apply to a given structure. 

Conversely, child-internal factors are evaluated on a case-by-case basis. These factors pertain 

to a given child’s level of pre-treatment knowledge or ability (inventory inclusion: e.g., Gierut & 

Neumann, 1992; accuracy: e.g., Gierut et al., 1987; stimulability: e.g., Powell et al., 1991) 

related to the targeted structure.  

The literature base for a complexity approach consists primarily of a series of single-

case experimental design studies conducted over a period of 30 years. In most cases, each 

study was designed to examine one of the aforementioned features of complexity and its 

subsequent impact on treatment outcomes—specifically, generalized learning of untreated 

sounds. Prior to these studies, accurate use of the treated sound in non-treatment contexts (i.e., 

untrained words, sentences, and conversation) or to sounds of the same class (e.g., treatment 

of stop /k/ improves other phonemes of the same manner class) was considered the extent of 

possible treatment-induced generalization (e.g., Costello & Onstine, 1976; Elbert & 

McReynolds, 1975). However, in a complexity framework, treatment of a marked, complex 

sound is expected to cause simultaneous across-class improvement to other unmarked, simple 

structures.  
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For instance, Gierut et al. (1996) conducted two studies examining the efficacy of 

targeting sounds in developmental and non-developmental sequence. In the second of these 

studies, the authors found that three preschool-age children with PD who were trained with a 

later-developing sound (/ɹ/, /θ/, or /s/) demonstrated greater generalized learning of non-treated 

sounds across manner classes than those trained with an earlier-developing sound (/k/, /ɡ/, or 

/f/). Other similarly structured studies found that complex targets across a variety of child-

internal and child-external target parameters resulted in greater generalized learning of 

untreated structures. Notably, many of these studies either did not distinguish (Elbert et al., 

1984; Gierut, 1998a, 1999) or generally supported the finding that the complex targets 

themselves may not be acquired as efficiently as simpler targets (Dinnsen & Elbert, 1984; 

Miccio et al., 1999; Powell et al., 1991)—a finding consistent with a traditional approach.  

In summary of this large body of generally small-N studies, multiple child-internal and 

child-external parameters converge to suggest that relatively complex targets are more likely to 

induce generalized improvement to untreated phonological structures than simpler targets. Thus 

treatment is expected to lead to simultaneous improvement of both targeted and untargeted 

structures. However, the parameters by which complex targets have been selected vary across 

studies, which is problematic for their clinical implementation. Notably, there is growing support 

for the feasibility and efficacy of combining these parameters to select maximally complex 

targets and induce improvement of untreated structures (Storkel, 2018; Tambyraja & Dunkle, 

2014; Taps Richard et al., 2017). However, there is little comparative evidence to suggest that, 

when these complexity parameters are combined, generalization outcomes are better for 

complex targets than for simple targets. The subsequent task within this framework, then, is to 

determine which aspects of complexity optimize generalized or system-wide phonological 

learning. Especially if aspects of complexity carry with them a time-cost related to learning of the 
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treated target, it would be important to determine which parameters can be best combined or 

which should be prioritized.  

Comparative Evidence 

Despite their differences, there is compelling evidence to support both a normative 

approach and a complexity approach to target selection for children with PD. Much of the 

evidence discussed thus far supports the efficacy of either approach; however, the more 

interesting and complicated question is which of these approaches or which aspects of these 

approaches result in better treatment outcomes and enhanced treatment efficiency. We now 

focus our discussion on the literature that systematically compares aspects of these approaches 

in order to integrate the most robustly supported features of each. 

Rvachew and Nowak (2001) demonstrated that children master the treated target more 

effectively when the target is simpler (i.e., an earlier-acquired sound with some accurate use 

prior to treatment), and multiple studies drawing from diverse frameworks support these findings 

(Dinnsen & Elbert, 1984; Dyer et al., 1987; Powell et al., 1998; Rudolph & Wendt, 2014; Tyler et 

al., 1993). However, several smaller studies conducted within a language learnability framework 

found that acquisition of the treated target was not modulated by that target’s complexity (Gierut 

et al., 1987; Gierut et al., 1996; Powell & Elbert, 1984; Powell et al., 1991). Consequently, when 

the goal is to systematically improve a series of targeted sounds, a normative approach may be 

most appropriate, although some conflicting evidence leaves this an open question and 

suggests that other factors likely play a role in the child’s ability to master a given sound target 

trained during treatment. In any case, the most robust finding related to a normative approach to 

target selection is that sequencing targets from earliest-acquired to latest-acquired allows the 

child to learn the targets most efficiently and, consequently, the child is likely able to master 

more treated targets in less time when those targets are simple (e.g., Rvachew & Nowak, 2001). 

There is currently less support for the claim that treatment of a single simple target results in 
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greater improvement of untreated phonological structures than treatment of a single complex 

target (cf. Rvachew & Bernhardt, 2010). 

Gierut and colleagues demonstrated that manipulation of the complexity of the treatment 

target can predict the type and quantity of generalized learning to untreated sounds. Despite 

their findings, the implementation of this approach is hindered by the breadth of parameters 

shown to impact complexity and a lack of experimental evidence to support the optimal 

combination or prioritization of these parameters. Furthermore, some of these child-internal 

complexity parameters, such as pre-treatment stimulability or accuracy, may come at the cost of 

efficiency in treatment target acquisition.  

A non-exhaustive survey of the existing literature that compares the impact of simple 

versus complex aspects of child-internal knowledge and child-external linguistic characteristics 

of the treatment target on a) efficient mastery of the treated structure and b) amount of across-

class generalization to untreated phonological structures is displayed in Table 1-2 and Table 

1-3, respectively. As discussed above, much evidence has been collected demonstrating the 

efficacy of a complexity approach, but the comparative evidence for its efficacy above and 

beyond a normative approach is notably lacking. For instance, direct comparison with a 

normative approach paradoxically suggests that complex targets are more efficacious (Gierut et 

al., 1987; Gierut & Morrisette, 2012; Gierut et al., 1996; Powell et al., 1991), that simple targets 

are more efficacious (Elbert & McReynolds, 1979; Rvachew & Bernhardt, 2010), or that there is 

no differential improvement to untreated structures between groups of children who learned 

simple or complex targets (Mota et al., 2007; Pagliarin et al., 2009; Powell & Elbert, 1984; 

Rvachew & Nowak, 2001). Thus, neither treatment framework, alone, is able to fully account for 

the patterns of improvement in untreated sounds that have been attested in the growing 

treatment literature of children with PD.
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Per Table 1-2, there is considerable support for the use of a traditional approach for 

inducing efficient mastery of the treated target. This pattern was observable for the child-

external linguistic complexity of the target and for the child’s level of pre-treatment knowledge of 

the target. Thus, summation of the existing evidence across theoretical frameworks confirms 

that children are more likely to learn linguistically simple, most-known structures more efficiently 

than linguistically complex, least-known sounds that are directly targeted in treatment. 

Recall that the primary goal of a complexity approach is system-wide improvement, 

especially to those sounds that were not targeted during treatment. Of those studies which 

measured across-class generalization to untreated sounds, there is more consistent support for 

the efficiency of complexity over a traditional approach to induce this type of generalized 

phonological growth. However, there are important nuances to this evidence. First, it is not 

consistently shown that the amount of knowledge a child demonstrates of the target segment, 

contrast, or cluster reliably impacts across-class generalization to untreated sounds (Elbert & 

McReynolds, 1979; Flint & Costello Ingham, 2005; Gierut, 1991; Gierut et al., 1987; Gierut & 

Neumann, 1992; Powell & Elbert, 1984; Powell et al., 1991; Rvachew & Bernhardt, 2010; 

Rvachew & Nowak, 2001; Sommers et al., 1967; Williams, 1991). Several studies found greater 

knowledge of the treated target resulted in more across-class improvement of untreated 

structures, yet a comparable evidence base also found the opposite—less knowledge of the 

treated target resulted in more across-class improvement of untreated structures. This includes 

knowledge in the form of stimulability for production of the target, production accuracy, inclusion 

in the segmental inventory, and extent of error patterns prior to treatment. Second, there is more 

consistent evidence that greater linguistic complexity of the treatment target (i.e., markedness, 

normative age of acquisition) may increase the amount of across-class generalization to 

untreated sounds (Elbert et al., 1984; Gierut, 1990, 1998a, 1999; Gierut & Morrisette, 2012; 

Gierut et al., 1996; Pagliarin et al., 2009; cf. Rvachew & Bernhardt, 2010). One study (a re-
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analysis of six participants from a larger study; Rvachew & Bernhardt, 2010) has found greater 

across-class generalization when the treated target was linguistically simpler, whereas many 

more studies have replicated the finding that greater across-class generalization when the 

treated target was linguistically complex.
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Linguistic complexity may demonstrate a more unidirectional impact than knowledge 

because of the presumably immutable nature of linguistic complexity, which—barring those less 

clear complexity or markedness relationships (e.g., Miccio & Ingrisano, 2000)—applies 

uniformly to the target phoneme, cluster, or contrast across children. Conversely, child-internal 

knowledge of the target is individualized, difficult to measure consistently, and may be more 

substantially impacted be other child-internal factors. Because of its variability across 

participants, the impact of a child’s knowledge of the target on across-class generalization may 

be more difficult to ascertain, especially in the larger, group-design studies. Nonetheless, the 

evidence for across-class generalization is relatively robust for linguistically complex or later-

developing targets, but the same does not reliably hold for targets that are more complex due to 

the child’s level of baseline knowledge.  

Moving forward, the optimal constellation of complexity factors to induce change to 

untreated sounds, developmental factors to promote efficient mastery of the target, and child-

internal factors that impact responsiveness to intervention should be explored. Identification of 

the combination of factors which result in optimal treatment outcomes may be achievable 

through small-N, single-case experimental designs, but these should be conducted with the goal 

of developing profiles of responsiveness to intervention that can then be escalated upward to 

ultimately provide the high level of evidence provided by a randomized controlled trial. 

Furthermore, the available evidence is highly homogeneous in that it almost exclusively pertains 

to pre-school and early school-age monolingual English-speaking children with moderate to 

severe PD in the absence of other co-occurring impairment(s). Work in this area must 

adequately address questions related to treatment target selection in monolingual children who 

speak languages other than English, in multilingual children, and those of different ages and 

diverse cognitive-linguistic deficits. Regardless of the population examined, it is crucial that 

investigation into these questions adequately integrates the available evidence from different—
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even competing—frameworks so that we do not continue to rehash contradictory approaches 

but instead continue to improve target selection strategies for children with PD. 

Equitable Intervention for Phonological Disorder 

It may be the case that we can strategically target linguistically complex phonological 

structures to maximize untargeted phonological growth and thus improve the efficiency of 

treatment for PD. However, if our goal is to improve outcomes for children with PD via efficient 

service provision, we must also critically examine the scope of children affected by PD and who 

thus require access to these services. Developmental language impairments, like PD or DLD, 

affect the mechanisms by which language is acquired (Bishop et al., 2016). Consequently, 

these impairments affect individuals of all races, socio-economic backgrounds, and who are 

monolingual or multilingual users of any number of language varieties (Kohnert, 2007; Leonard, 

2014). Much of academia has come under increasing scrutiny for a history which has primarily 

benefitted majority populations in the development and investigation of research questions, and 

in homogenizing sampling methods (e.g., Bornstein et al., 2013; Miller et al., 2019; Odekunle, 

2020). In speech-language pathology, we are increasingly recognizing the equity crisis created 

by the severely skewed favoring of White, monolingual users of majority language varieties in 

research that supports evidence-based assessment and treatment for communication disorders 

(e.g., Miller et al., 2019; Odekunle, 2020).  

All young children with a speech or language impairment, including PD, require access 

to evidence-based, efficient intervention so that they are prepared for better language outcomes 

and academic success. This requirement is mandated in the United States ("Individuals with 

Disabilities Education Act," 2004; Turnbull et al., 2009) and endorsed as best practice by the 

American Speech-Language Hearing Association (2008). Currently, there is an enormous 

health disparity in access to efficacious treatment of PD between bilingual children who speak 

Spanish as their first language and their monolingual English-speaking peers. Spanish is 
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spoken in >39 million US households (US Census Bureau, 2018), and consequently many 

bilingual children are Spanish dominant prior to school age. Emerging bilingual children need 

access to intervention as soon as impairment or significant delay can be identified (Perry 

Carson et al., 2003), and this intervention must be provided in their first language when English 

acquisition has not yet begun (Gutierrez-Clellen, 1999). 

The literature resoundingly supports including the first language in speech-language 

intervention as best practice for supporting a child’s bilingual language development. Briefly, PD 

affects all languages spoken by a child, and optimal treatment addresses their first and second 

languages (L1 and L2; Yavas & Goldstein, 1998). Prior to English onset, treatment must target 

the L1 (Gutierrez-Clellen, 1999). Furthermore, strong L1 acquisition (e.g., Spanish) supports L2 

acquisition (Cummins, 1991; Gutiérrez-Clellen et al., 2012; Kohnert et al., 2005). When 

emerging bilinguals are a) treated in Spanish with little guidance as to Spanish-appropriate 

treatment targets, b) treated in English when this language is not yet spoken by the child, or c) 

postponed from receiving treatment until school entry or later, these children are systematically 

excluded from access to the best language and academic outcomes that are accessible to 

English-speaking monolinguals. This creates a significant health disparity between bilingual and 

monolingual children. 

Also of concern are the silos in which many communication disorders are investigated, 

as these do not reflect the large caseloads of children with complex constellations of strengths 

and impairments in communication and related skills. An estimated 34% of children with 

communication impairments have multiple disorders (Black et al., 2015b). In particular, the 

traditional relegation of PD to the domain of speech, and exclusionary diagnostic criteria in 

research related to PD (Bishop et al., 2016; Bishop et al., 2017) may be obscuring its 

compelling relationship with other impairments, such as DLD and reading disorder (Pennington 

& Bishop, 2009). For instance, Shriberg and Kwiatkowski (1994) found between 10% and 77% 
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of 3- to 6-year-old children with speech sound disorders demonstrate co-occurring deficits in 

other areas of expressive language (i.e., morphology and syntax). Consequently, we cannot 

ignore the co-occurrence of phonological and morphosyntactic impairments and may better 

understand the deficits which underlie PD by considering it in conjunction with its associated 

impairments. 

In order to provide clinical services for children with PD that are more efficient and 

equitable, we must consider how we can improve assessment and treatment approaches as 

well as the inclusivity of our work as we investigate phonology, phonological development, and 

clinical methodologies.  

Overview of Studies 

Studies included in this dissertation leverage segmental and suprasegmental aspects of 

phonology to advance the efficiency and equity of our approaches to assessment and treatment 

for children with PD. Efficiency is addressed by considering computational techniques to 

streamline phonological assessment and by further exploring the role of phonologically complex 

treatment target selection in broad growth of a child’s phonological system. Equity is addressed 

via work that considers typical language use and treatment outcomes for children with PD that 

represent a wider array of cultural, linguistic, and impairment profiles. Each study described 

herein address one or more aspects of these themes, as outlined in the following.  

Chapters 2 and 3 seek to advance the efficiency of more equitable approaches to 

phonological assessment, which have important implications for the treatment studies described 

in later chapters. A thorough analysis that includes independent (i.e., not based on comparison 

to a model or “correct” production) measures allows for a less biased examination of a child’s 

phonological abilities. In contrast, relational measures require comparison with “correct” 

productions, a process by which bias towards majoritized language varieties is likely to be 
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introduced. This is blatantly evidenced by the overwhelming amount of norm-referenced 

standardized assessments with primarily monolingual English-speaking norming populations 

(Fabiano-Smith, 2019). To facilitate more efficient independent analyses, such as description of 

phonetic, phonemic, or consonant cluster inventories, Chapter 2 describes a study examining 

the validity and accuracy of an automated tool to generate independent inventories from 

transcribed speech samples. Similarly, Chapter 3 describes a study comparing phonemic 

inventory analysis to consonant accuracy, a more commonly used relational measure. 

Chapter 4 addresses both efficiency and equity in assessment, highlighting the 

problematic clinical division between speech and language via a morphophonological 

examination of language samples produced by typically developing Spanish-English bilingual 

children. The goal of this study is to determine whether variable marking of monosegmental 

tense and agreement morphemes (i.e., third-person singular /-z/ and past tense /-d/) can be 

predicted by the surrounding phonological environment. Although this is the only study in the 

dissertation examining a typically developing population, it provides additional evidence for the 

relationship between phonology and morphology in language sampling—an important 

assessment and progress monitoring tool for children with speech and language impairments. 

Chapter 5 is an initial examination of a complexity-based approach to treatment 

simultaneously targeting phonology and grammatical morphology for a child with co-occuring 

PD and DLD. This case study addresses treatment efficiency by examining change in multiple 

areas of deficit with a single treatment target. Because this study was conducted on-site at an 

elementary school, and the participant had a more complex impairment spanning multiple 

linguistic domains, it provides an initial extension of work examining the efficacy of treatment 

with a complex target to a more accessible setting and an understudied population.  
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Chapter 6 presents the final study in this dissertation, using a multiple-baseline, single-

case experimental design to examine the efficacy of targeting complex phonological structures 

in Spanish for treatment of PD in Spanish-English bilingual children. This study advances the 

efficiency of treatment provision by examining differences in broad phonological growth between 

treatment targeting consonant clusters (relatively more complex) and singleton consonants 

(relatively less complex). This study may be the first to systematically examine broad treatment 

outcomes according to Spanish treatment targets of varying complexity, an important step 

towards offering Spanish-speaking children more equitable access to efficient treatment. 

The dissertation concludes with an integrated discussion of the role of phonology in the 

pursuit of more efficient and equitable service delivery for children with phonologically based 

language impairments. 
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Automated analyses of speech samples can offer improved accuracy and 

timesaving advantages that streamline clinical assessment for children with a 

suspected speech sound disorder. In this paper, we introduce AutoPATT, an 

automated tool for clinical analysis of speech samples. This free, open-source tool 

was developed as a plug-in for Phon (Rose & Hedlund, 2020) and follows the 

procedures of the Phonological Analysis and Treatment Target Selection protocol 

(Barlow, Taps, & Storkel, 2010), including extraction of a phonetic inventory, 

phonemic inventory with corresponding minimal pairs, and initial consonant cluster 

inventory. AutoPATT also provides suggestions for complex treatment targets 

using evidence-based guidelines. Automated analyses and target suggestions 

were compared to manual analyses of 25 speech samples from children with 

phonological disorder. Results indicate that AutoPATT inventory analyses are 

more accurate than manual analyses. However, treatment targets generated by 

AutoPATT should be viewed as suggestions and not used to substitute necessary 

clinical judgement in the target selection process. 

Keywords: phonology; phonological disorder; automated assessment 

  

39



Introduction 

Thorough phonological assessment is critical for identifying the presence, nature, 

and severity of speech sound disorders (SSDs), and for identifying appropriate 

treatment targets and goals. However, thorough assessment is time-consuming, and 

even the recommended 1–1.5 hours of direct assessment can be insufficient (Bleile, 

2002; Miccio, 2002; Skahan et al., 2007). This is in addition to time spent post-

assessment in analysis, determination of treatment goals, and paperwork, which is 

frequently reported to be more time-consuming than the assessment itself (Skahan et 

al., 2007). In total, most SLPs spend between 2 and 2.5 hours in the speech 

assessment and post-assessment process for children with suspected SSDs (McLeod & 

Baker, 2014; Skahan et al., 2007). As the global demand for SLPs serving children with 

SSDs continues to increase (American Speech-Language Hearing Association, 2016, 

2020; Jesus et al., 2017; McAllister et al., 2013; Siewert et al., 2014), the efficiency of 

thorough diagnostic methods for suspected SSDs is an increasingly pressing concern.  

In the context of time and resource restraints, short, standardized articulation tests, such 

as the Goldman-Fristoe Test of Articulation-3 (GFTA-3; Goldman & Fristoe, 2015), are often 

used to assess speech production, identify SSDs, and even determine treatment targets 

(Fabiano-Smith, 2019; McLeod & Baker, 2014; Skahan et al., 2007). However, because these 

types of standardized measures are limited in scope and heavily focused on relational analyses 

(i.e. comparing the child’s productions to a correct target or a normative database), they fail to 

fully describe a child’s speech as it is used in their day-to-day production. These measures do 

not provide a sample size with sufficient depth or breadth to conduct independent analyses, 

such as the establishment of phonetic or phonemic inventories (e.g. Barlow & Gierut, 2002; 

Eisenberg & Hitchcock, 2010; Elbert & Gierut, 1986; Stoel-Gammon, 1985), which describe a 

child’s complete set of speech sound productions or determine their phonemic contrasts 
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(Combiths et al., 2019; Eisenberg & Hitchcock, 2010; Fabiano-Smith, 2019; Macrae, 2017). 

Larger elicitation probes or connected speech samples collected through elicitation or 

spontaneous production are thus increasingly included in speech assessment as more thorough 

or naturalistic options (Bankson et al., 2017; Bernhardt & Holdgrafer, 2001; Macrae, 2017; 

Masterson et al., 2005; Miccio, 2002), but time is a concern when clinicians must transcribe and 

analyse these samples to extract useful diagnostic information from them.  

Computerized tools for phonological analysis may offer at least a partial solution to the 

time investment required for a thorough speech assessment; however, very few SLPs report 

using these tools (McLeod & Baker, 2014; Skahan et al., 2007). Infrequent adoption of these 

technologies may be attributable to the limited scope, availability, or accessibility of tools that 

have been developed. Per Skahan et al. (2007), the most frequently used computerized 

phonological assessment tool is Hodson’s Computerized Analysis of Phonological Patterns 

(2003). This commercially available software elicits a 50-word speech sample, automates a 

relational analysis of phonological error patterns (e.g. substitutions, cluster reductions), and 

provides error-pattern-based treatment target recommendations. Thus, this tool facilitates a 

rapid analysis of error patterns in English; however, it is not designed for independent analyses 

or for use with different types of speech samples. A similar program also exists for Malayalam, 

Computerized Assessment of Phonological Process in Malayalam (Sreedevi et al., 2013). Other 

commercially distributed tools, such as Logical International Phonetics Program (Oller & 

Delgado, 2000), Computerized Profiling (Long et al., 2006), and Computerized Articulation and 

Phonology Evaluation System (Masterson & Bernhardt, 2001) more flexibly facilitate 

transcription, analysis, and/or treatment target recommendation; however, these programs are 

no longer maintained and are either unavailable or incompatible with many modern devices.  

Otherwise, only a few computerized phonological assessment tools are currently 

available and compatible with modern hardware. These include Programs to Examine Phonetic 

and Phonological Evaluation Records (PEPPER; Shriberg, 1990), maintained by the Weissman 
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Center at the University of Wisconsin-Madison; Ferramentas para Análise Fonológica 

Automática [Automatic Phonological Analysis Tools] (APAT; Saraiva et al., 2017), maintained by 

the University of Aveiro, Portugal; and Phon (Rose & Hedlund, 2020; Rose & MacWhinney, 

2014), which is part of TalkBank (MacWhinney, 2007) and maintained by Memorial University of 

Newfoundland. APAT is freely available (at http://acsa.web.ua.pt/) and completes analyses and 

produces results within Excel, which makes this tool readily accessible to users familiar with that 

software. Currently, APAT is streamlined for speakers of European Portuguese using samples 

from the Teste Fonético‐Fonológico–Avaliação da Linguagem Pré‐Escolar [Phonological 

Testing–Pre-School Language Assessment] (Mendes et al., 2009) or the Teste de Articulação 

Verbal [Verbal Articulation Test] (Guimarães et al., 2014). Phon and PEPPER are stand-alone 

programs with graphical interfaces for transcription and analysis. Both are freely available (at 

https://www.phon.ca/ and https://phonology.waisman.wisc.edu/, respectively) and can 

accommodate a variety of speech sample types, including longer samples from independent 

probes or connected speech, to conduct clinically relevant analyses. Of these programs, Phon 

has been most recently updated. Because Phon is relatively accessible and actively maintained, 

its potential for improving the efficiency of speech assessments merits further examination. 

To date, Phon has been most frequently used in research (Rose & Stoel-Gammon, 

2015); however, it is also appropriate for clinical assessment and monitoring (Byun & Rose, 

2016). Through a graphical user interface, Phon allows utterance segmentation (time alignment) 

as well as orthographic and phonetic transcription of connected speech or elicited samples of 

any length. Several of these steps can be automated or partially automated within Phon, which 

includes International Phonetic Alphabet (IPA) dictionaries and syllabification algorithms for 

multiple languages. These allow automated generation of target (model) transcriptions and 

phone-by-phone alignments between target and actual forms, all of which are automatically 

annotated for syllable-level information (e.g. syllable onsets or codas; syllable stress). Phon 

includes the capacity to conduct acoustic analysis through integration with Praat (Boersma & 
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Weenink, 2020), and offers a number of clinically useful analyses, especially relational 

analyses, such as consonant accuracy/Percentage of Consonants Correct (PCC; Shriberg et 

al., 1997; Shriberg & Kwiatkowski, 1982) and phonological pattern analysis. Additionally, 

through a scripting language adapted for phonological queries, Phon permits customizable 

parsing of phonological data. Although certain independent inventory analyses that can provide 

a more complete description of a child’s speech production are not currently integrated into 

Phon, these can be added with user-created scripts or plug-ins written in JavaScript or Groovy. 

As described, Phon can be clinically useful given its ability to accommodate larger 

speech samples, partial automation of transcription, and built-in relational analyses; however, its 

current utility could be improved with the capacity to conduct additional independent analyses. 

Comprehensive independent analyses are often indicated as part of a thorough phonological 

assessment (e.g. Miccio, 2002; Skahan et al., 2007; Williams, 2015). For example, Phonological 

Analysis and Treatment Target (PATT) Selection procedures (Barlow et al., 2010) guide 

clinicians to conduct several independent analyses, including generating a phonetic inventory, 

an initial cluster inventory, and a phonemic inventory within a generative phonological 

framework (Chomsky & Halle, 1968). Together, these analyses provide a useful overview of the 

child’s phonological system without relational comparisons to a correct model. From the results 

of these analyses, PATT procedures provide instructions for identifying gaps in a child’s 

phonological knowledge and selecting relatively complex treatment targets. The 

recommendation of relatively complex targets is based on research which suggests that 

treatment targeting complex phonological structures results in greater system-wide phonological 

growth than targeting simpler structures (Elbert & McReynolds, 1979; Elbert et al., 1984; Flint & 

Costello Ingham, 2005; Gierut, 1990, 1991, 1998a, 1999; Gierut et al., 1987; Gierut & 

Morrisette, 2012; Gierut et al., 1996; Gierut & Neumann, 1992; Pagliarin et al., 2009; Powell & 

Elbert, 1984; Powell et al., 1991; Sommers et al., 1967; Williams, 1991; cf. Rvachew & 

Bernhardt, 2010).  
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In order to supplement the clinical utility of Phon and provide more comprehensive 

independent analyses, we developed AutoPATT (available at 

https://github.com/rayamberg/AutoPATT) as a Groovy plug-in for Phon. Because PATT steps 

are procedural in nature (as described below), AutoPATT is able to replicate much of the 

manual process via automation. Given IPA transcription from a Phon session, AutoPATT 

automatically generates a phonetic inventory, a set of minimal pairs identifying phonemic 

contrasts, a phonemic inventory, and an initial cluster inventory. In keeping with PATT protocol, 

AutoPATT also generates a set of recommended treatment targets based on gaps in a child’s 

phonological knowledge, as identified from the results of its inventory analyses. 

Automated procedures for phonological analysis, such as those conducted by AutoPATT 

and other similar tools, could provide faster and more accurate speech assessment, although 

this has not been frequently studied. In one existing study, Saraiva et al. (2017) found that 

computerized APAT results were highly consistent with results derived manually from a 

standardized phonological assessment. Otherwise, there is a paucity of work in this area. Most 

automated phonological analyses have not been tested empirically, perhaps because the 

accuracy of automated procedures is taken for granted. Nevertheless, one cannot assume the 

accuracy of automated analyses, phonological or otherwise, because computerized processes 

can and do produce errored results. 

Computational error is generally more systematic than human error (Hirschman & Mani, 

2003; Strik & Cucchiarini, 2014), which tends to be more sporadic and unpredictable (McBride 

et al., 2014; Reason, 2000). When unexpected results arise with digital automation, these are 

usually the result of an error or oversight in the program’s specified procedures, as a computer 

program is literal in its interpretation of instructions. Programs that are tested appropriately can 

avoid these systematic errors, allowing them to be used repeatedly while yielding results with 

consistently high levels of dependability. This is something we cannot expect from human 

operators, especially given the high degree of descriptive precision involved in the computation 
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of many independent analyses, such as those completed by AutoPATT. Similarly, treatment 

target suggestions could be derived more systematically from automated algorithms, given 

appropriate and programmatic procedures. In sum, automated processes require testing and 

validation with realistic datasets to minimize potential systematic error, confirm intended results, 

and establish accuracy. 

The Current Study 

The necessity for identifying the accuracy of automated procedures and 

comparing them against manual procedures motivated the current study. To provide 

initial validation of AutoPATT analysis results, we compared computerized independent 

analyses and target selection with AutoPATT to those same procedures completed 

manually and identified the accuracy of these analyses using 25 speech samples from 

young children with phonological disorder. With this study, we seek to answer the 

following questions: 

(1) Are automated phonetic, phonemic, and initial cluster inventories, as generated by 

AutoPATT, comparable to those same analyses conducted manually following PATT 

procedures? 

(2) Does the accuracy of automated phonetic, phonemic, and initial cluster inventories, as 

generated by AutoPATT, differ from the accuracy of those same analyses conducted 

manually following PATT procedures? 

(3) Are qualitative differences observable between AutoPATT target recommendations and 

targets generated manually following PATT procedures? 

With this work, we contribute to the limited body of research investigating the 

accuracy of automated phonological analysis. Although treatment target selection is a 
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component of both PATT and AutoPATT, subjective aspects of target selection and 

differences between manual and automated procedures make their accuracy difficult to 

quantify. Nevertheless, we observe target selection via both methods and compare 

them qualitatively. 

Method 

Participants and Transcriptions 

Participants in this study were 25 monolingual English-speaking children (age 

range = 3;1–6;7; mean age = 4;3) with functional phonological disorder (i.e. impairment 

in the production, acquisition, or representation of speech sounds with no known cause; 

Gierut, 1998b) from the Developmental Phonologies Archive of the Learnability Project1 

(Gierut, 2015b). Raw data were narrow phonetic transcriptions of each child’s single-

word productions from the Phonological Knowledge Probe (PKP; Gierut, 1985), 

collected prior to their participation in treatment. Reliability for 10% of consonant 

transcriptions was reported at 93% (Gierut, 2015a). The PKP samples 293 words (for 

wordlist, see Gierut, 2015c), with a minimum of five opportunities for each English 

1 Archival data were retrieved from the Gierut / Learnability Project collection of the 

IUScholarWorks repository at https://scholarworks.iu.edu/dspace/handle/2022/20061 The 

archival data were original to the Learnability Project and supported by grants from the 

National Institutes of Health to Indiana University (DC00433, RR7031K, DC00076, DC001694; 

PI: Gierut). The views expressed herein do not represent those of the National Institutes of 

Health, Indiana University, or the Learnability Project. The author(s) assume(s) sole 

responsibility for any errors, modifications, misapplications, or misinterpretations that may 

have been introduced in extraction or use of the archival data. 
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phoneme, in each permissible word position. The PKP is also designed to elicit minimal 

pairs from which an individual’s phonemic contrasts can be established. To permit 

analyses of these data with AutoPATT, transcriptions were converted from their archival 

format to a format compatible with Phon (for further description of this process, see 

Combiths et al., 2019) 

Automated and Manual Data 

From these transcriptions, two types of data were derived to compare agreement across 

manually generated analyses and automated analyses. For the manual analyses, research 

assistants in a phonology research laboratory were trained to manually complete PATT analysis 

procedures. Each research assistant demonstrated proficiency with these procedures using a 

sample dataset prior to contributing to the study. After this training, research assistants 

completed the PATT for each of 25 samples. PATT assessment procedures include generating: 

(1) a phonetic inventory based on a two-time occurrence in the sample, with a 

corresponding list of English phones missing from the inventory 

(2) a list of minimal pairs demonstrating phonemic contrasts 

(3) a phonemic inventory derived from a two-time occurrence of minimal pairs, with a 

corresponding list of English phonemes missing from the inventory 

(4) an inventory of word-initial consonant clusters based on a two-time occurrence in the 

sample, with a corresponding list of English clusters missing from the inventory 

Although only these independent inventory analyses were evaluated quantitatively for the 

purposes of this study, PATT also includes a more involved complexity-based treatment target 

selection process (see Gierut, 2007; Morrisette et al., 2006; Storkel, 2018). In abbreviated form, 

this process includes: 
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(1) determining if any three-element consonant clusters (e.g. /spl-/) are appropriate targets 

based on their absence in a child’s initial cluster inventory and the presence of 

components of the cluster (e.g. /p/ and /l/) in their phonemic inventories (Gierut & 

Champion, 2001) 

(2) determining if any two-element consonant clusters (e.g. /fɹ-/) are appropriate targets, 

based on their absence in the initial cluster inventory, and their complexity relative to 

other English consonant clusters (Gierut, 1999) 

(3) in the absence of potential cluster targets, determining a relatively complex singleton 

target (e.g. /θ/) based on absence from the phonetic inventory (e.g. Gierut et al., 1987), 

stimulability (e.g. Miccio et al., 1999), frequency, and age of acquisition (e.g. Gierut et 

al., 1996) 

To generate the automated results, the aforementioned analyses and target selection 

steps were also completed using AutoPATT, which replicates these same procedures. 

Resultant inventories and sets of suggested targets were arranged such that each segment or 

cluster in an inventory or set of targets constituted an item for comparison purposes. 

To determine accuracy of manual and automated inventories, the “correct” inventories 

were generated as follows. Each instance of disagreement between manual and automated 

analyses was reviewed by one of the authors. Referencing PATT procedures and the original 

raw data, the inclusion of a given segment or cluster in the phonetic, phonemic, cluster, or set of 

suggested treatment targets was determined. A different author, blind to the initial designations, 

made accuracy determinations for 20% of the disagreements. When compared, reliability for 

these designations was 100%. In instances of agreement, the convergence of manual and 

automated results determined inclusion of that segment or cluster in the corresponding 

inventory. 
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Analyses 

In order to compare automated analyses to manual analyses, several metrics of 

interrater reliability were calculated, including percent agreement, Cohen’s kappa (Cohen, 

1960), and Scott’s pi (Scott, 1955). Cohen’s kappa and Scott’s pi are suitable measures for 

categorical data from two coders, accounting for the probability of chance agreement in the data 

(e.g. Mitani & Nelson, 2017). To determine the accuracy of each, these metrics were also 

calculated between automated and correct inventories and between manual and correct 

inventories. Mixed effects logistic regression determined the ability of the automated results and 

manual results to predict correct outcomes, controlling for participant as a random factor. 

Results 

Agreement 

Reliability between AutoPATT and manual analyses are displayed in table 2-1 as 

percent agreement, Cohen’s kappa, and Scott’s pi values. Cohen’s kappa and Scott’s pi values 

near 0 are indicative of chance agreement (1 indicates perfect agreement). Percent agreement 

was highest for phonetic inventories (96%), followed by phonemic inventories (89%), and cluster 

inventories (76%). Despite these results, negative Cohen’s kappa and Scott’s pi values for all 

analyses suggest that agreement between AutoPATT and manual analyses are quite poor, 

given the relatively high probability of chance agreement in these data. 

Accuracy 

After considering the comparability of AutoPATT and manual analyses, we examined the 

relationship between results from AutoPATT and the results verified as correct according to 

PATT protocol, displayed in table 2-2. Here, percent correct was high for all analyses: 100% or 

nearly 100% for phonetic and phonemic inventories, and 98% for cluster inventories. Cohen’s 

kappa and Scott’s pi indicated high agreement with correct results for phonetic, phonemic, and 
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cluster inventories. Logistic regression indicated that, overall, AutoPATT results were a 

significant predictor of correct results, z(24, 1033) = 2.75, p < 0.01. 

The relationship between results from manual analyses and the results verified as 

correct was examined in the same fashion, and these results are displayed in table 2-3. Manual 

analyses were less accurate than AutoPATT analyses, with correct agreement at 96% for 

phonetic inventories, 89% for phonemic inventories, and 78% for cluster inventories. Cohen’s 

kappa and Scott’s pi indicated poor agreement for all analyses. Logistic regression indicated 

that, overall, manual results were not a significant predictor of correct results, z(24, 1033) = 

0.38, p = 0.71. 

Table 2-1. Interrater reliability for AutoPATT and manual analyses as percent 

agreement, Cohen’s kappa, and Scott’s pi. 

Analysis n 
Auto-Manual 
% Agreement SE 

Cohen's 
Kappa SE 

Scott's 
Pi SE 

Phonetic Inventory 552 95.8% 0.009 -0.016 0.207 -0.021 0.209 
Phonemic Inventory 398 89.2% 0.016 -0.014 0.146 -0.057 0.152 

Cluster Inventory 108 75.9% 0.041 -0.105 0.189 -0.137 0.195 
Total 1058 91.3% 0.009 -0.026 0.102 -0.045 0.104 

 

Table 2-2. AutoPATT analysis reliability as percent correct, Cohen’s kappa, and 

Scott’s pi. 

Analysis n 
AutoPATT % 

Correct SE 
Cohen's 
Kappa SE 

Scott's 
Pi SE 

Phonetic Inventory 552 99.8% 0.002 0.908 0.092 0.908 0.092 
Phonemic Inventory 398 100.0% 0.000 1.000 0.000 1.000 0.000 

Cluster Inventory 108 98.1% 0.013 0.865 0.094 0.865 0.095 
Total 1058 99.7% 0.002 0.908 0.053 0.908 0.053 

 

Table 2-3. Manual analysis reliability as percent correct, Cohen’s kappa, and Scott’s 

pi. 

Analysis n 
Manual % 

Correct SE 
Cohen's 
Kappa SE 

Scott's 
Pi SE 

Phonetic Inventory 552 96.0% 0.008 -0.014 0.212 -0.020 0.213 
Phonemic Inventory 398 89.2% 0.016 -0.014 0.146 -0.057 0.152 

Cluster Inventory 108 77.8% 0.040 0.034 0.174 0.015 0.178 
Total 1058 91.6% 0.009 0.017 0.100 0.050 0.087 
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Qualitative Results 

Quantitative analyses captured the overall relationship between AutoPATT and manual 

analysis results and provided an estimate of the accuracy of each; however, these did not 

provide insight into the sources of disagreement between manual and automated results or 

sources of error in either. For this we examined, qualitatively, the nature of discrepancies 

between AutoPATT and manual analysis results and their errors relative to correct results. 

These errors are displayed in table 2-4. Furthermore, differences between AutoPATT and 

manual target selection were only examined qualitatively. 

Most disagreements between AutoPATT and manual analyses (approximately 85%) 

were attributable to omission of a phone, phoneme, cluster, or treatment target from the relevant 

inventory or set of targets from the manual analysis. For phonetic and cluster inventories, these 

manual omissions were most common for non-ambient (i.e. not typically occurring in the target 

language) segments and clusters (e.g. [ʦ], [θw]) or segments and clusters with diacritic markers 

(e.g. [b̥], [dᵊw]). Manual omissions from the phonemic inventory were frequently related to 

missing a second occurrence of minimal pairs for a given contrast or not identifying minimal 

pairs for non-ambient segments. Most of these omissions were classified as errors in the 

manual analysis.  

Instances in which AutoPATT omitted an inventory item that was included in manual 

results were less common. These were most often attributable to differences in the 

interpretation of a phone or cluster for the purposes of inventory inclusion. For instance, [kj] 

occurred two or more times as a word-medial cluster in several participants’ productions. On 

three occasions, research assistants included [kj] in the initial cluster inventory, based on these 

word-medial occurrences. However, PATT guidelines specify that inclusion in the cluster 

inventory should be based on a two-time occurrence of the cluster in word-initial position, 

making inclusion of [kj] in those cases an error. In a different example, [dð] occurred multiple 

times in the data. Based on its patterning in the samples, this was most likely meant to 
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represent a dentalized affricate (i.e. [d͡ð]). Research assistants correctly interpreted these 

transcriptions as affricates, whereas the AutoPATT analysis erroneously interpreted these 

transcriptions as occurrences of clusters. 

Table 2-4. Unique inventory errors.  
Phonetic Inventory Phonemic Inventory Cluster Inventory 

Error Source 
Errored 

Item Error Source 
Errored 

Item Error Source 
Errored 

Item 
manual omission ʣ manual addition ɾ manual addition ʔj 
manual omission ʤ̥ manual omission wʴ manual omission dᵊw 
manual omission nː manual omission ʤ manual omission bᵊw 
manual addition ʦ̪ manual omission b̥ manual omission fw 
manual omission d̪ manual omission p manual omission sw 
manual omission ð̥ manual omission z manual omission bw 
manual omission ʣ̪ manual omission t˺ manual omission dwʴ 
manual omission l manual omission m manual addition kj 
manual omission f manual omission h manual omission θw 
manual omission jᵊ manual omission ɹ manual omission ɡw 
manual addition ʣ̪ manual omission k manual omission dw 
manual omission dᵊ manual omission w manual addition tw 
manual addition b̥ manual omission ɡ manual addition dw 
manual addition ð manual omission b manual addition θn 
manual addition ʧ manual omission ʦ̪ manual omission ʃn 
manual omission d̥ manual addition b̥ AutoPATT addition dð 
manual omission nᵗ manual omission d̥ AutoPATT addition tθ 
manual omission ɾ manual omission z̥   
manual omission ɹᵗ manual omission ʃ   
manual omission t̚ manual omission ʔ   
manual omission ʔ manual omission ʦ   

AutoPATT omission dð manual addition v   
  manual omission s̪   
  manual omission s   
  manual omission ʣ̪   
  manual omission ʧ   
  manual omission ɾ   
  manual omission j   
  manual omission ʣ   
  manual omission bʴ   
  manual omission t̚   
  manual omission tʰ   

Note: Only unique errors are displayed. Repeated errors are only listed once. 

The number of manually selected treatment targets differed greatly across manual and 

automated procedures. This is primarily because most research assistants indicated only one 

treatment target, whereas AutoPATT provided a list of targets when multiple targets were 

appropriate. However, the manually selected target was always included in the set of potential 
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targets identified by AutoPATT, with one exception. For one sample, the manually selected 

treatment target was /skw-/. However, AutoPATT missed this three-element cluster target 

because it erroneously considered an occurrence of a two-element cluster with a diacritic, [s̪t-], 

as an instance of a three-element cluster, eliminating potential three-element cluster targets. 

Identification of these discrepancies and errors provided useful information for future revisions 

of the AutoPATT algorithm, as discussed in the next section. 

Discussion 

In this study, we compared the results of manual and automated inventory analysis and 

treatment target selection, following PATT procedures (Barlow et al., 2010). We first discuss the 

quantitative and qualitative results for generation of inventories separately from the qualitative 

results for treatment target selection, as our analyses and findings differed in these areas, and 

they diverge in their relevant considerations. 

Results indicate that automated generation of phonetic, phonemic, and cluster 

inventories using AutoPATT is not equivalent to these same inventories generated manually by 

undergraduate and graduate students with training in these procedures, at least when using 

narrowly transcribed speech samples from young children with phonological disorder. Low 

percent agreement between manual and automated inventory analyses were confirmed by 

near-zero Scott’s pi and Cohen’s kappa values. However, accuracy and qualitative error 

analyses revealed that disagreements were primarily attributable to human error in the manually 

generated analyses, most frequently omission of a phone, phoneme, or cluster that was 

accurately identified by AutoPATT. Specifically, AutoPATT-generated inventories were 98–

100% accurate, whereas manually generated inventories were 78–96% accurate. Thus, 

AutoPATT may be a more accurate and consistent means of generating inventories for speech 

analysis than manual procedures. 
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In addition to generating inventory analyses, PATT and AutoPATT both include 

procedures for selecting complex treatment targets (e.g. Morrisette et al., 2006), based primarily 

on an individual’s phonetic, phonemic, and initial cluster inventories. Research assistants 

frequently indicated only a single suggested target, and AutoPATT indicated a set of potential 

targets where applicable. Although automated procedures may be able to provide a short list of 

potentially appropriate targets, AutoPATT is ultimately unable to incorporate the myriad factors 

involved in determining a single target, based on independent inventory analyses alone. 

Furthermore, we identified a systematic error in the AutoPATT algorithm that led to 

misinterpretation of a two-element cluster with a diacritic [s̪t-] as a three-element cluster for the 

purposes of target selection—although this was addressed in subsequent revisions to the 

program, as described in the next section. From these observations, we conclude that 

AutoPATT may be able to streamline complex target selection by narrowing the pool of potential 

targets, but it is not a substitute for necessary clinical judgement in treatment target selection, 

and its suggestions must be reviewed against assessment results in case of unexpected errors. 

Clinical Implications 

Automated phonological analyses, such as the generation of phonetic, phonemic, and 

cluster inventories, show promise as accurate means of describing an individual’s phonological 

system. As shown here, automated inventories can be generated with less error than those 

created manually. Human error is a well-documented phenomenon in phonological analysis for 

research purposes (e.g. Shriberg & Lof, 1991); however, it is less frequently addressed in the 

clinical domain. For phonological analysis, relatively high proficiency with IPA notation is 

required, in addition to some knowledge of phonological theory. Even when clinicians are able 

to conduct these analyses, they are unlikely to have access to the time and resources available 

to research assistants in a phonology laboratory which permit them to work carefully and review 

their analyses for errors. Assuming accurate digital transcriptions, automated analyses also 
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allow effective archival of an individual’s speech production abilities, which can be referenced 

and analysed repeatedly. Because analysis procedures are applied identically across datasets, 

results can be compared over time with confidence that the analyses were conducted 

consistently. Consequently, clinicians might stand to benefit considerably from the greater 

accuracy and consistency of automated phonological analyses for speech assessment. 

These automated analyses could be more efficient than manually completed analyses, 

although comparison of the time spent preparing and conducting manual and automated 

analyses still requires direct investigation. AutoPATT analyses require a speech sample to be 

transcribed in Phon. Transcriptions may be completed in Phon from a video or audio recording 

or by hand. If transcription is completed by hand, it requires data entry, either directly into Phon 

using its built-in IPA map or indirectly with another IPA typing tool. For a clinician or researcher 

experienced with Phon and digital IPA transcription, this transfer can be completed in 30 

minutes for a sufficiently thorough sample, such as the 293-word samples in this study, but it 

could take an hour or more in other circumstances. Although digital transcription requires an 

initial time investment, phonological analysis software may offer a significant return on 

investment, as any number of relational and independent analyses can be completed and 

repeated in minutes. For comparison, trained students and research assistants typically spent 

1–2 hours to complete manual PATT assessment and target selection procedures. 

Although a pool of treatment target options, as generated by AutoPATT, can be a useful 

tool for clinicians seeking to identify relatively complex treatment targets for a child with 

phonological disorder, these suggestions are based on limited, one-dimensional inventory 

analyses. The onus of treatment target selection still lies on the clinician who may choose to 

consider these or other target options in the context of a complete assessment, which may 

include automated analysis of a speech sample, but should also include a variety of other 

assessment measures (Fabiano-Smith, 2019; Kamhi, 1992; McLeod & Baker, 2014; Miccio, 

2002). 
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Limitations and Future Directions 

Although AutoPATT was shown to be relatively accurate for inventory analyses in its 

current state, there remain areas for improvement. Research assistants following manual PATT 

procedures at times interpreted initial consonant clusters as exclusively word-initial and other 

times included syllable-initial (word-medial) clusters in that category. AutoPATT considered only 

word-initial clusters for the initial cluster inventory. Indeed, syllable-initial clusters may be 

appropriate to include in the initial cluster inventory, and both PATT and AutoPATT procedures 

could be updated accordingly. Also, at least one instance of systematic error in the AutoPATT 

target selection algorithm was identified, although this only impacted target selection for one 

participant, and the error has since been corrected. 

Currently, AutoPATT does not consider an individual’s stimulability for sounds absent 

from the phonetic inventory in the target selection process because this cannot be determined 

from a single-word sample. However, stimulability is a relevant consideration in target selection 

(e.g. Miccio et al., 1999). Similarly, substantial discrepancies between manual and automated 

treatment target selection highlight the critical role of clinical judgement in this process. Since 

completion of this study, AutoPATT has been revised to address the error in target selection 

described above, to display more detailed information explaining the characteristics of the 

sampled phonological system that resulted in the given set of suggested complex targets, and 

to clarify the utility of stimulability testing and other analysis tools in conjunction with clinical 

judgement for evidence-based assessment and treatment target selection.  

Replication of this work would improve our understanding of the utility of these 

automated analysis tools. Extension of this work to other computerized assessment tools, to 

other populations, and with more heterogeneous samples would be especially beneficial, as the 

current findings are only generalizable to AutoPATT analyses of samples from young 

monolingual English-speaking children with phonological disorder. Furthermore, PATT 

procedures exist for Spanish, and AutoPATT was developed for both English and Spanish; 
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however, the accuracy of AutoPATT analyses in Spanish remains to be examined. As these 

automated analyses are revised, they will require additional validation. This iterative process will 

continue to improve the available repertoire of clinically appropriate tools for phonological 

analysis.  

Conclusion 

Automated speech analysis is an emerging area of academic and clinical interest, and it 

is increasingly considered a useful tool for clinical speech assessment. Clinicians may choose 

to expand their repertoire of phonological assessment tools to include automated analyses; 

however, the accuracy and validity of these tools should be taken into consideration, and 

automated results should be interpreted in the context of other conventional assessment tools 

and each client’s unique set of personal circumstances and priorities. 
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ABSTRACT
Generative phonologists use contrastive minimal pairs to determine
functional phonological units in a language. This technique has been
extended for clinical purposes to derive phonemic inventories for
children with phonological disorder, providing a qualitative analysis
of a given child’s phonological system that is useful for assessment,
treatment, and progress monitoring. In this study, we examine the
single-word productions of 275 children with phonological disorder
from the Learnability Project (Gierut, 2015b) to confirm the relation-
ship between phonemic inventory – a measure of phonological
knowledge – and consonant accuracy – a quantitative, relational
measure that directly compares a child’s phonological productions
to the target (i.e. adult-like) form. Further, we identify
potential percentage accuracy cutoff scores that reliably classify
sounds as in or out of a child’s phonemic inventory in speech-
sound probes of varying length. Our findings indicate that the pho-
nemic function of up to 90% of English consonants can be identified
from percentage accuracy for preschool-age children with phonolo-
gical disorder when a sufficiently large and thorough speech sample
is used.
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Introduction

Phonological disorder (PD) is one of the most prevalent communication disorders in
young children, with prevalence estimates in the range of 7–11% for children at five years
of age (Law, Boyle, Harris, Harkness, & Nye, 2000). This developmental impairment of
unknown aetiology occurs independently of another primary motivating condition and
functionally impairs the development, manipulation, and production of the phonological
units of language. Consequently, this form of developmental communication disorder
prevents acquisition of phonological skills in a timely manner, which can impact com-
munication and literacy skills and later academic, socio-emotional, and occupational
outcomes (Beitchman et al., 1996; Beitchman, Wilson, Brownlie, Walters, & Lancee,
1996; Felsenfeld, Broen, & McGue, 1992, 1994; Lewis et al., 2016; Peterson, Pennington,
Shriberg, & Boada, 2009). Given the prevalence and impact of this impairment, research-
ers and clinicians alike are continually exploring techniques for assessment and progress
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monitoring to better capture the phonological abilities of children with PD. We begin our
discussion of this topic by describing and comparing two such measures below.

Phonemic inventory analysis

Speech-language pathologists (SLPs) and researchers utilize a variety of measures to assess
productive knowledge of speech sounds in children with PD. One such measure used to
qualitatively describe a child’s functional phonological knowledge is the phonemic inventory.
This unique, linguistically motivated measure ostensibly captures a child’s functional use of
contrastive speech sounds (i.e. phonemes). Themethodology for deriving a phonemic inventory
originated in a generative linguistics framework and has been used to provide phonological
descriptions of fully formed adult languages (e.g. Voegelin, 1957). In order to characterize those
phonemes that are used contrastively to distinguish words among speakers of a given adult
language, phonologists require semantically distinct word pairs with minimal phonological
contrast (i.e. minimal pairs) to demonstrate a speech sound’s phonemic function (e.g.
Chomsky & Halle, 1968). For instance, the words ‘car’ /kɑɹ/ and ‘tar’ /tɑɹ/ form a minimal pair
in English because they differ by only a single segment, demonstrating that the contrast between
/k/ and /t/ is sufficient to distinguish words. Thus, /k/ and /t/ are contrastive phonemes in
English.

In discussion of phonemes and phonemic inventories within a generative phonology
framework, it is important to emphasize that a phoneme is an abstraction that describes
a categorical representation of a functional, contrastive unit within a word. These abstract
units can have a number of phonetic expressions, all recognized as variants of the same
categorical phoneme by speakers of the same language. For instance, the categorical
phoneme /p/, in English, can be produced as [p˭] (e.g. [sp˭un] ‘spoon’), [pʰ] (e.g., [pʰɑt]
‘pot’), or [p˺] (e.g. [stɑp˺] ‘stop’) – any of these productions would be understood as
productions of the phoneme /p/ by a native speaker of English. Furthermore, although the
presence of minimal pairs is the primary evidence for establishing phonemic status, it is
only one part (albeit an important one) of a larger process involving a comprehensive
description of the phonetic environments in which a given sound occurs and its phonetic
similarity (or dissimilarity) to other sounds of that language.

The phonemic inventory and its corresponding methodology have subsequently been
extended for clinical purposes to derive the phonemic inventories of individual children
with PD, although the criterion for phonemic status has been simplified such that the
primary requirement is the presence of two minimal pairs (i.e. four words in total) to
establish a speech segment as a phoneme in a given child’s phonemic inventory (Barlow &
Gierut, 2002; Dinnsen, 1984; Gierut, Simmerman, & Neumann, 1994). Because children in
the process of language development demonstrate unique and dynamic phonological
systems (Fry, 1967; Jakobson, 1968), their phonemic inventories are likewise varied and
subject to change over time. Importantly, the phonemic inventory is also considered an
independent measure because it neutrally describes the functional phonemes a child uses,
without reference to their accuracy or correctness.

An independently constructed phonemic inventory therefore provides a snapshot of the
child’s phonological knowledge; however, a child’s inventory can also be compared to the
inventory of the target adult language to provide additional information. This comparison
generates a relational measure of those phonemes that are missing from the individual’s
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phonemic inventory. Thus, an inventory of the segments that are ‘in’ a child’s phonemic
inventory is an independent measure, and an inventory of the phonemes that are ‘missing’
from a child’s phonemic inventory is a relational (i.e. comparative) measure because
labelling phonemes as ‘missing’ requires a comparison to the adult target inventory
(Dinnsen, 1984). A description of the phonemes that are either ‘in’ or ‘missing’ from
the inventory provides simultaneously a neutral snapshot of a child’s phonological system
and a comparative indication of the weaknesses or gaps in phonological knowledge. This
information is used to determine the presence or severity of PD (e.g. Gierut et al., 1994),
monitor change over time (e.g. Gierut, 1992), and to guide the selection of appropriate
speech-sound targets and goals for intervention (e.g. Barlow & Gierut, 2002; Morrisette,
Farris, & Gierut, 2006).

Despite its unique informativeness, phonemic inventory analysis is not commonly
employed by practicing SLPs (McLeod & Baker, 2014). Perhaps this is due to the abstract
nature of the knowledge it captures or the opacity of the underlying generative assump-
tions from which this measure is derived, but there are clear logistical barriers as well.
Ferguson and Farwell (1975) and Gierut et al. (1994) describe these obstacles to phonemic
inventory analysis in children, including the variability of their word productions and the
difficulty of obtaining sufficient words to serve as minimal pairs. Certainly, the descriptive
process required to identify minimal pairs and generate a child’s phonemic inventory
requires collection of a thorough speech sample strategically designed to capture contras-
tive minimal pairs, which may be time-prohibitive for many practicing clinicians.

Production accuracy

Whereas phonemic inventories provide insight into a child’s functional phonological knowl-
edge, other frequently employed speech sound measures eschew underlying knowledge and
instead capture production accuracy. A consonant accuracy measure compares each consonant
segment produced by the child to its corresponding target (i.e. adult-like) form. This pairwise
comparison requires no assumption of underlying phonological function, and it generates
a percentage accuracy score that is relational, quantitative, and immediately interpretable. The
most commonly used segmental accuracy measure is Percentage of Consonants Correct-
Revised (PCC-R; Shriberg, Austin, Lewis, McSweeny, & Wilson, 1997), which collapses across
all consonants to provide a single accuracy percentage from a given sample. However, an SLP
may also choose to examine consonant accuracy for each consonant separately to provide more
nuanced accuracy information. Furthermore, with the advent of computer-assisted analysis,
including freely available software (e.g. Phon; Rose & Hedlund, 2017), SLPs can calculate
consonant accuracy measures consistently and relatively quickly (Byun & Rose, 2016).

Despite their differences, phonological knowledge and accurate production are presumed to
be related to one another and are often discussed jointly (e.g. Gierut, Elbert, & Dinnsen, 1987).
However, it is notable that measures of one can contrast with the other. One such instance is
discussed in Dinnsen and Barlow (1998) and Dinnsen, Green, Gierut, andMorrisette (2011). In
their example, a child uses the consonant /θ/ phonemically to contrast words, yet this same child
never uses /θ/ accurately due to a chain-shift substitution pattern, such that [θ] is produced
exclusively as a substitution for /s/ (i.e. dentalisation), and every instance of target /θ/ is produced
as [f] (i.e. labialisation). These patterns result in productions, such as [fʌm] for ‘thumb’ and
[θʌm] for ‘some’, which serve as a minimal pair for both /f/ and /θ/. Consequently, /θ/ would be
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considered phonemic and thus ‘in’ the child’s phonemic inventory, despite the child’s 0%
accuracy for production of /θ/. Given the potential for divergence, there is motivation to better
evaluate the relationship between phonemic inventory (a measure of phonological knowledge)
and consonant accuracy (a measure of adult-like production).

Current study

To better understand these different phonological assessment measures, the purpose of the
investigation described here is twofold. Our first goal is to identify the relationship
between phonemic inventory – a qualitative, linguistically motivated measure of phono-
logical knowledge – with consonant accuracy – a quantitative, relational measure that
directly compares a child’s phonological productions to the target form. By identifying
a relationship between these two measures, we improve our understanding of how
production accuracy reflects phonological knowledge in children with PD. Our second
goal is to determine if the relationship between the measures would permit identification
of a percentage accuracy cutoff score (or cutoff range) that reliably classifies sounds as ‘in’
or ‘out’ of a child’s phonemic inventory in speech-sound probes of varying length.
A percentage accuracy cutoff suggestive of the phonemic function of a given consonant
could provide useful information about phonological knowledge without the time-
consuming process of identifying minimal pair contrasts.

Method

Participants

Data for this study were drawn from 275 children between 3 and 8.5 years old (mean
age = 4;4), whose single-word productions were transcribed as part of the Learnability
Project (Gierut, 2015b). Participants in the Learnability Project were monolingual, English-
speaking children residing in the Midwestern United States who presented with functional
PD, determined by performance > 1 SD below the mean on the first or second edition of the
Goldman-Fristoe Test of Articulation (GFTA/GFTA-2; Goldman & Fristoe, 1986, 2000) and
a reduced phonemic inventory, missing at least 6 target English consonants. Furthermore, all
participants had normal hearing, no documented history of motor or otherwise organic
disorders, no indication of cognitive delay, and normal oral-motor function. Participating
children received experimental speech intervention; however, data in this study come only
from the children’s pre-treatment samples. Additional demographic information for partici-
pants in the Learnability Project can be found in Gierut (2015b).1

1Archival data were retrieved from the Gierut / Learnability Project collection of the IUScholarWorks
repository at https://scholarworks.iu.edu/dspace/handle/2022/20061 The archival data were original
to the Learnability Project and supported by grants from the National Institutes of Health to Indiana
University (DC00433, RR7031K, DC00076, DC001694; PI: Gierut). The views expressed herein do not
represent those of the National Institutes of Health, Indiana University, or the Learnability Project. The
author(s) assume(s) sole responsibility for any errors, modifications, misapplications, or misinterpreta-
tions that may have been introduced in extraction or use of the archival data.
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Data transformation

Data were phonetic transcriptions of children’s productions of words in the Phonological
Knowledge Probe (PKP; Gierut, 1986), a single-word probe eliciting 293 words, and the GFTA
or GFTA-2, eliciting 44 and 53 words, respectively. Original archival transcriptions included the
orthography of the target word and transcription of the child’s production in IPA notation.
Reliability for 10% of archival consonant transcriptions was reported at 93% (Gierut, 2015a).

To facilitate analyses using Phon (v2.2; Rose & Hedlund, 2017), data were translated from
their archival Excel format to Phon-readable Unicode text using a Python script. Non-
standard notation conventions were translated to standard IPA notations compatible with
Phon. For instance, the US English rhotic consonant, transcribed as [r] in the archival data,
was translated to the standard IPA notation [ɹ]. Some diacritic symbols in the original data,
such as [^β], were not available as characters in Phon. In these instances, the symbol was
changed to a similar diacritic (e.g. [ᵇ]) and appended with [̾] (e.g. [deɪ^β] became [deɪᵇ ̾ ]) to
document the change during translation. These diacritic differences between the original
archival transcription and the translated format did not impact our analyses, as these
changes were implemented consistently across the data. Furthermore, diacritic symbols
were ignored during consonant accuracy calculations, as described below.

Orthographic and IPA transcriptions translated directly from archival data were
sufficient for extracting each child’s phonemic inventory, as this measure did not
require comparison to the target production of each word. However, calculation of
consonant accuracy required transcription of the target, adult-like form of each word.
Given the scope of the data to be analysed (approximately 93,000 words or 243,000
consonants), we generated a single, representative set of target transcriptions for all
sampled word productions to permit relational analyses. A two-step process generated
these target transcriptions for comparison to the children’s productions. First, broad
target transcriptions were generated for each word in the PKP, GFTA, and GFTA-2
from the English IPA dictionary in Phon. Second, two research assistants (under-
graduate and graduate students of speech-language pathology or linguistics) reviewed
archival transcriptions extracted from 200 participants and compared these to the
dictionary-generated targets to arrive at consensus for a single target transcription for
each word deemed to best capture the dialect spoken by these children and the
transcription conventions of the archival data. These transcriptions were also reviewed
by the first author. Once confirmed, these target transcriptions were aligned to each
child’s transcribed productions using the English syllabification and alignment algo-
rithms in Phon and then compared to generate the relational consonant accuracy
measure used in this study.

To validate the generated target forms, alignment, and our automated percentage con-
sonant accuracy measure, percentage consonant accuracy for word productions in the PKP
was calculated manually by research assistants for 20% of participants. Procedures for
manual calculation followed those outlined for calculation of PCC-R. On average, manually
calculated accuracy deviated 3.9% (SD = 3.7%) from automatically generated values.
Correlation between manually derived accuracy and automated accuracy measures was 0.96.
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Variables

Two primarymeasures were derived for each of 23 American English consonants (excluding /ʒ/
due to limited sampling of this consonant), for each child. The first measure was a binary,
categorical designation of phoneme status. For a given child, if two contrastive minimal pairs
were identified for a given consonant, that consonant was deemed phonemic and coded as ‘in’
the phonemic inventory. For many children, one or more non-ambient sounds (e.g. /wʴ/ or /ʔ/)
were also used contrastively; however, only the phonemic status of ambient phonemes was
recorded because the corresponding accuracymeasure is only derivable for ambient consonants.
When two minimal pairs were not identified, that consonant was coded as ‘out’ of the child’s
phonemic inventory. Minimal pairs were identified, and phoneme status was confirmed using
the AutoPATT plugin for Phon (Combiths, Amberg, & Barlow, 2016). Data used to calculate
this measure were participants’ word productions from the 293-item PKP (rather than the
shorter GFTA or GFTA-2) to obtain sufficient opportunities for two contrastive minimal pairs
for each of 23 English phonemes.

The second measure was a quantitative measure of consonant production accuracy. For
a given child, accuracy was calculated for their production of each English consonant in Phon
by comparing each target consonant with its corresponding segment in the child’s production.
This comparison was automated with a consonant accuracy query in Phon. In order to
provide an accuracy calculation that is easily replicable and robust to varied ages and severities
of impairment, we followed the same procedures used for the global measure of PCC-R
(Shriberg et al., 1997). Unlike the original Percentage of Consonants Correct measure
(Shriberg & Kwiatkowski, 1982), PCC-R ignores distortions in its calculation. Although
distortion patterns are diagnostically informative, their absence from these calculations
make the measure simpler, less prone to error, and appropriate for a more diverse population
of children. Furthermore, PCC-R is a well-attested and reliable consonant accuracy measure
(see Shriberg et al., 1997). Following PCC-R procedures, to be coded as correct, the child’s
production was required only to match the base target phone. For instance, production of [s̪]
for target /s/ was considered correct; however, phonemic substitution, such as [f] for target /θ/,
or omission of a target consonant were considered incorrect. By these criteria, each child was
designated a percentage accuracy for each of the 23 English consonants. Because consonant
accuracy may be more robust to varying sample length than phonemic inventory (which
requires multiple minimal pair opportunities for each phoneme), the accuracy measure was
calculated separately for productions in the PKP and the GFTA/GFTA-2. This permitted
comparison between probe types.

Additional variables used in the analyses were participant age, sample type (PKP,
GFTA/GFTA-2), and normative age of acquisition (early, middle, late) for each English
consonant, as categorized in (Shriberg, 1993).

Analyses

Logistic regression determined the ability of percentage consonant accuracy to predict the
phonemic inventory measure, including the mitigating impacts of sample length, child
age, and consonant age of acquisition. Receiver-operating characteristic (ROC) curve
analysis determined cutoff accuracy values with optimal sensitivity and specificity accord-
ing to elicited sample length, child age, and age of acquisition. Regression models, ROC
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curves, and optimal cutoff value estimation were conducted in R (R Core Team, 2013)
using pROC, OptimalCutpoints, and visreg packages.

Results

Descriptive statistics

Mean percentage accuracy for all PKP consonants ‘out’ of the children’s phonemic
inventories was 12.0% SD 23.3%. Mean percentage accuracy for all PKP consonants ‘in’
the children’s phonemic inventories was 74.0% SD 26.4%. Mean accuracy for ‘out’ GFTA/
GFTA-2 consonants was 12.1% SD 25.0%. Mean accuracy for ‘in’ GFTA/GFTA-2 con-
sonants was 70.9% SD 31.1%. Thus, phonemic consonants were produced with greater
accuracy than non-phonemic consonants, and mean accuracies for phonemic and non-
phonemic consonants were similar across probes. Means and standard deviations for PKP
consonants according to phonemic inventory classification, normative age of acquisition,
and participant age are displayed in Table 1.

Logistic regression

Phoneme status of 23 American English consonants, excluding /ʒ/, was predicted by
consonant accuracy (p < 0.01) and classification as an early-, middle-, or late-acquired
consonant (p < 0.01). As expected, consonants with higher accuracy and those that are
earlier-acquired are more likely to be used as phonemes by the child. The main effect of
child age on phoneme status was not significant (p = 0.33). Significant Consonant
Accuracy × Child Age (p < 0.01) and Consonant Accuracy × Age of Acquisition (p
< 0.01) interactions also emerged, such that consonant accuracy was most predictive of
phoneme status in younger children and for middle- and late-acquired consonants. These
interactions are displayed in Figure 1.

Receiver operating characteristic curve analysis

The ability of a percentage consonant accuracy cutoff to classify the phoneme status of
23 English consonants was quantified with ROC curve analysis, using several paradigms
to determine the optimum cutoff value. For the larger 293-item PKP, a consonant

Table 1. Mean consonant accuracy by phonemic
inventory, age of acquisition, and participant age.

‘Out’ consonants ‘In’ phonemes

Age of acquisition
Early 52.8% (35.6%) 83.9% (19.4%)
Middle 8.4% (17.6%) 68.0% (26.3%)
Late 9.2% (19.3%) 55.6% (30.1%)

Participant age
<5 Years 11.0% (21.9%) 72.8% (26.7%)
≥5 Years 16.6% (28.3%) 78.3% (24.7%)

Note. Consonant age of acquisition classification based on
Shriberg (1993). Standard deviations in parentheses.
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accuracy of 20.4% was the most efficient cutoff, correctly classifying the phoneme status
of 90.0% of English consonants for all 275 children (sensitivity = 94.9%; specifi-
city = 83.1%). Other potential percentage accuracy cutoff values, derived from various
methods for determination of optimal classification, including maximum efficiency (i.e.
most accurate classification; Galen, 1986; Greiner, 1996), Youden’s Index (Greiner,
Pfeiffer, & Smith, 2000; Youden, 1950), and closest to ROC plot point 0,1 (Metz, 1978;
Vermont et al., 1991), are displayed in Table 2.

Furthermore, sample length impacted potential cutoff score classification accuracy.
Classification accuracy, sensitivity, and specificity of several potential consonant accuracy
cutoff values are displayed for data from the 293-item PKP and the 44–53-item GFTA/
GFTA-2 in Table 3. When data are drawn from a larger (ostensibly more thorough)
sample, optimal consonant accuracy cutoff values are lower, and sensitivity, specificity,
and classification accuracy are higher than when data are drawn from a smaller sample.
Accordingly, the area under the receiver operating characteristic curve (AUC/AUROC)
was higher for the PKP data (AUROC = 0.94, 95% CI = [0.934, 0.947]) than for the GFTA/
GFTA-2 data (AUROC = 0.90, 95% CI = 0.895, 0.911). Note that an AUROC closer to 1
has better overall classification ability. ROC curves for phoneme classification based on
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Figure 1. Phonemic inventory classification.
Note. Regression trends are graphed on a logarithmic scale, displaying the probability of phonemic
inventory inclusion according to phoneme accuracy. To illustrate the Consonant Accuracy × Child Age
interaction, data are shown for children at 3 and 6 years of age (reflective of preschool and school-age
groups, respectively). Steeper curves indicate better predictive power. Ticks along the upper and
lower plot borders indicate actual data points.

Table 2. Potential consonant accuracy cutoff values predictive of phoneme status.
Maximum Efficiency Youden’s Index Closest to ROC (0,1)

Cutoff 20.4% 21.1% 30.2%
Class. 90.1% 90.0% 89.1%
Sens. 94.9% 83.6% 90.9%
Spec. 83.1% 88.9% 86.6%

Note. Cutoff = optimum percent accuracy cutoff value. Class. = classification accuracy.
Sens. = sensitivity. Spec. = specificity.

73



consonant accuracy data from the PKP and GFTA/GFTA-2 are displayed in Figure 2.
These findings are discussed in the next section.

Discussion

In this study, a qualitative measure of phonological knowledge and function (i.e. phone-
mic inventory) was compared to a quantitative accuracy measure (i.e. percentage con-
sonant accuracy) in young, monolingual English-speaking children with PD. A strong
relationship emerged between a given consonant’s percentage accuracy and its contrastive,
phonemic use. Furthermore, ROC curve analyses indicated that a relatively low consonant
accuracy cutoff (approximately 20–30%) can correctly classify up to 90% of English
consonants as either ‘in’ or ‘out’ of a given child’s phonemic inventory using data from
the 293-item PKP. In other words, when a child produces a given English consonant with
a percentage accuracy above the cutoff of 20–30%, it is more likely that this child already
uses the consonant phonemically to contrast words. Our analyses also found that

Table 3. Phoneme classification metrics for potential accuracy cutoff values by
sample type.

20% Cutoff 30% Cutoff 40% Cutoff 50% Cutoff

Sens. Spec. Class. Sens. Spec. Class. Sens. Spec. Class. Sens. Spec. Class.

PKP 0.95 0.83 0.90 0.91 0.87 0.89 0.85 0.89 0.87 0.79 0.91 0.84
GFTA 0.90 0.80 0.86 0.86 0.83 0.85 0.81 0.88 0.84 0.73 0.92 0.80

Note. Sens. = sensitivity. Spec. = specificity. Class. = classification accuracy.
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Figure 2. ROC curve for phoneme classification via consonant accuracy by sample type.
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sensitivity was higher than specificity for this cutoff range, indicating that a percentage
accuracy cutoff is better at correctly including phonemic consonants in the inventory than
correctly excluding non-phonemic consonants. Finally, the ability of percentage consonant
accuracy to predict a child’s phonemic use of a given consonant in these data was also
mitigated by several factors, including speech sample length, child age, and normative age
of acquisition of the consonant in question.

A percentage consonant accuracy cutoff was poorer at classifying a child’s phonemic
inventory when consonant accuracy was derived from the GFTA/GFTA-2 (i.e. a short
sample of 44–53 words). The highest classification accuracy of 90% was only achievable
with productions from the PKP, a larger speech sample of 293 words. In addition to
sampling size, differences in the predictive power of consonant accuracy across the two
probes may also have been related to qualitative differences between them. The PKP was
designed to capture phonological knowledge in a research context and, consequently, was
constructed with many production opportunities for each consonant (at least 5 in each
word position) and to allow opportunities to demonstrate contrastive minimal pairs
(Gierut, 2015c). Conversely, the GFTA/GFTA-2 is a standardized testing instrument
designed for rapid administration. In typical usage, an examiner derives a single score,
collapsed across all consonants, for comparison to a normative database. Although the
GFTA/GFTA-2 is markedly shorter than the PKP, it is also likely that differences in the
depth and breadth of these samples contributed to differences in their ability to provide
accuracy calculations sufficient to predict a consonant’s phonemic status.

Finally, percentage consonant accuracy was also better able to predict the phonemic
status of consonants produced by younger, preschool-age children than those produced by
older, school-age children, and phonemic classification based on consonant accuracy was
more accurate for normatively late-acquired sounds (/ʃ, s, θ, ð, ɹ, z, l/) than for norma-
tively middle-acquired (/t, ŋ, k, ɡ, f, v, ʧ, ʤ/) and especially for early-acquired sounds (/m,
b, j, n, w, d, p, h/; Shriberg, 1993). Older children are more advanced developmentally and,
thus, less likely to demonstrate variable accuracy rates and phoneme usage. Similarly,
earlier-acquired consonants are more likely to be produced accurately and used phone-
mically. These ceiling effects could be applicable to the broader population of children
with PD, but they are also likely confounded by distributional limitations of the study
sample, and this will be discussed more below.

Implications for assessment

The relationship between consonant accuracy and phonemic inventory identified in this
study has potential implications for phonological assessment. By describing and quanti-
fying the relationship between a qualitative, descriptive measure of phonological knowl-
edge and a quantitative, relational measure of accurate production, we confirm the
informativeness of both measures and highlight similarities between them. Although
seemingly a simple comparison between two measures of speech-sound usage, phonemic
inventory and percentage consonant accuracy represent divergent conceptualizations of
phonological skill. A phonemic inventory is intended to describe a child’s contrastive
speech-sound units (i.e. phonemes), and, as such, several generativist linguistic assump-
tions are required for meaningful interpretation of this measure. The term ‘phonemic
inventory’ was first derived from linguistic descriptions of fully formed adult languages
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spoken by an entire community of speakers. The extension of this measure to the
analysis of child phonology borrows from the descriptivist tradition, requiring instances
of minimal pairs to confirm the contrastive role of a given speech-sound phoneme. On
the other hand, consonant accuracy does not require any assumption of a consonant’s
underlying phonemic function. Rather, it relies on a direct comparison of each con-
sonant in the child’s word productions to its corresponding target consonant in the
adult-like form of the intended word. The higher a child’s percentage accuracy for
a given consonant, the more closely the child’s production of that consonant coincides
with target, adult productions.

Despite the inherent differences between these two measures, the findings of this
study confirm that there is considerable overlap in the useful information they
capture. Further still, the quantitative, relational information provided
by percentage consonant accuracy may provide a relatively accurate estimate of
a preschool-age child’s functional phonemic usage of later-developing consonants,
but only when this accuracy measure is derived from a sufficiently thorough sample.
Consequently, the relationship between measures of qualitative phonological knowl-
edge and quantitative production accuracy should be considered in assessment and
subsequent treatment goal selection and progress monitoring – especially given the
increasing availability of (often quantitative) computer-assisted measures that have
the potential to shift the assessment landscape.

Limitations and future directions

Limitations in the archival data used in this study likely contributed to the poorer
predictive power of consonant accuracy for earlier acquired sounds and older children.
The participants in this study, as expected, demonstrated greater mastery of early-
acquired consonants, as indicated by less variable, generally higher accuracy rates and
more frequent inclusion in their phonemic inventories. This ceiling effect likely
impacted the ability to predict phonemic inventory inclusion from consonant accuracy
for these consonants. It is possible that phonemic use of early-acquired sounds could be
predictable from consonant accuracy given data with more variable early-acquired
consonant accuracy rates and phonemic use, such as with younger children or those
with more severe impairment. The poorer predictive power of consonant accuracy to
categorize phonemic function for school-age children is also likely impacted by the
participants’ age distribution in these data. The majority of 275 participants were pre-
school-aged, with only 57 school-aged children in the sample. Consequently, poorer
predictions for school-aged children may simply reflect the limited sampling of school-
aged children in these data.

Future work examining the relationship between measures of phonemic function and
quantitative accuracy could address these sampling limitations through prospective data
collection involving younger children or those with more severely impacted phonological
systems as well as a greater number of school-aged children. Although the role of child age
and normative acquisition trajectories require further investigation, the relationship
between phonemic inventory inclusion and consonant accuracy identified in the current
data remain most robust for late-acquired sounds in preschool-aged children with PD.
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Finally, the lower sensitivity of percentage accuracy in determining phonemic status
suggests that, when classification error does occur, it is more likely to result in over-
identification of phonemic consonants. Future work should identify and compare the clinical
impact of over- and under-estimation of phonological knowledge to determine which of these
error types is most important to minimize. This type of work could guide modification of
optimal percentage accuracy cutoff values or the development of other criteria to improve the
clinical utility of estimates of phonological knowledge. As our understanding of the relation-
ship between phonemic inventory and consonant accuracymeasures improves, cliniciansmay
eventually be able to infer information about functional phonological knowledge from
a quantitative accuracy measure, which could streamline assessment, treatment target selec-
tion, and progress monitoring for children with PD.
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The efficiency of intervention for children with speech sound disorder may be 

influenced by linguistic complexity of the phonological intervention target. Complex 

targets, particularly, later-acquired, less-known consonants and consonant 

clusters, have been linked to greater post-intervention generalization to untargeted 

phonological structures. Yet there is little direct evidence to support target 

selection based on linguistic complexity for Spanish-speaking children with speech 

sound disorder. This intervention study utilizes a multiple-baseline single-case 

design across participants to examine the efficacy of intervention in Spanish using 

different complex targets (i.e. /ɡɾ/, /bɾ/, /l/). For each of four Spanish-speaking 

children with speech sound disorder, sounds at 0% accuracy during baseline were 

monitored across the baseline period, during and post intervention, and at one- 

and two-month follow-up visits. Over the course of intervention, only one 

participant achieved mastery of the targeted structure in practiced words. 

However, all participants demonstrated some amount of broad phonological 

generalization to untargeted consonants or clusters. Variable learning trajectories 

and broad phonological generalization are discussed as they relate to participant 

characteristics and implicational relationships. 

Keywords: phonological disorder; speech sound disorder; Spanish; bilingual; 

intervention; treatment 
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Introduction 

The heterogeneous population of children with communication impairments requires 

access to equitable, evidence-based, and efficient interventions so that they are prepared for 

better language outcomes and academic success (Almost & Rosenbaum, 1998; Law et al., 

2004). Spanish is the second most widely spoken native language in the world, surpassed only 

by Mandarin (Fernández Vítores, 2017), yet there is a paucity of research available to support 

intervention decisions for Spanish-speaking children with speech sound disorder (SSD), one of 

the most prevalent categories of communication disorders in young children (Law et al., 2000). 

In short, our evidence base for speech interventions in non-English languages is decades 

behind what has been accumulated for English. In response to this disparity, we must conduct 

translational research sampled in a way that is more representative of the diversity of children 

with SSD to provide evidence-based guidelines for speech intervention in Spanish and other 

non-English languages. 

Converging evidence, primarily from populations of monolingual English speakers with 

various communication disorders, has indicated an advantage in the efficiency of interventions 

which target more difficult, challenging, or complex components of language (e.g. Gierut, 1999; 

Thompson et al., 2003; Van Horne et al., 2017). For children with SSD, this type of intervention 

target selection has been referred to as a complexity or complexity-based approach. Evidence 

supporting a complexity-based approach (e.g. Elbert et al., 1984; Gierut, 1990, 1998a, 1999; 

Gierut & Morrisette, 2012; Gierut et al., 1996; Pagliarin et al., 2009; cf. Rvachew & Bernhardt, 

2010) suggests that the optimal intervention target is a phonological feature, contrast, or 

structure that is typologically less common across languages (e.g. Ladefoged & Maddieson, 

1996), later developing in children (e.g. McLeod & Crowe, 2018), and less known by the 

individual (e.g. Gierut et al., 1987). These targets are thus linguistically complex as well as 

relatively complex for a given child (Gierut, 2007). This approach is motivated by implicational 
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relationships that explain cross-linguistic tendencies for phonological systems with given 

complex structures to obligatorily also include or imply certain simpler structures (e.g. 

Ladefoged & Maddieson, 1996). This, in conjunction with principles of language learnability 

(Pinker, 1984), provides a framework for the observation that intervention targeting such 

complex structures tends to result in broad, across-class generalization to untargeted sounds 

(Gierut, 2007). In other words, children trained with complex exemplars may demonstrate 

improvement beyond the targeted structure, specifically in related structures of similar 

complexity and cascading to other less complex structures. 

Paradigms for implementing a complexity-based speech intervention (e.g. Baker & 

Williams, 2010; Storkel, 2018) commonly target relatively late-acquired singleton consonants 

(e.g. /l/, /s/ in English) or consonant clusters (e.g. /fl/, /stɹ/ in English). Relative complexity 

among clusters has been associated with sonority, a phonological construct correlated with 

acoustic intensity (per the sonority sequencing principle; Clements, 1990; Parker, 2002), such 

that clusters with a smaller sonority distance between consonants are less frequently occurring 

and more complex. As highlighted, most of the evidence base for complexity-based target 

selection has been limited to monolingual English-speaking children. However, linguistic 

complexity is a language-general phenomenon, with some language-specific idiosyncrasies. 

Thus, the general principles that have guided the existing research with English-speaking 

children should apply to speakers of other languages (Watts & Rose, 2020). This has been 

generally attested in two case studies targeting complex clusters in Spanish (Anderson, 2002; 

Barlow, 2005) and investigations with Portuguese-speaking children (Barberena et al., 2015; 

Ceron et al., 2013; Mota et al., 2007; Pagliarin et al., 2009; Pereira & Mota, 2002). However, the 

language-specific characteristics of Spanish phonology mean that ideal complex targets for 

achieving broad generalization in Spanish will not be identical to those of English (e.g. Cataño 

et al., 2009).  
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Spanish phonology diverges from English phonology in many areas relevant to 

complexity-based target selection. For instance, even for cross-linguistically similar phonemes, 

such as /l/ or /s/ in English and Spanish, age of acquisition can differ substantially (McLeod & 

Crowe, 2018), and this may relate to the relative complexity of those segments within each 

language. Furthermore, English and Spanish differ in their repertoires of permitted consonant 

clusters. English permits many onset clusters with up to three elements (e.g. /spl/), whereas 

Spanish has a more limited distribution of two-element onset clusters (e.g. /pl/). Importantly, 

more than half of the potential consonant clusters in Spanish are consonant+glide clusters (e.g. 

/bw/, /fj/), and the status of these sequences as “true” branching onset clusters in Spanish is 

debated. Highly sonorous glides (e.g. /w/, /j/) have vowel-like properties and may position in the 

syllable nucleus in some instances or some languages (Blevins, 1995). In Spanish, glides that 

are the second element in a syllable-initial cluster (e.g. /pwente/ puente, “bridge”) have been 

posited either in the nucleus as part of a diphthong (e.g. Harris, 1983) or in the onset as part of 

a consonant cluster (e.g. Senturia, 1998). It also may be the case that the position of glide 

segments in syllable structure is dynamic and variable within and across children during 

Spanish acquisition (Barlow, 2005). Given conflicting evidence, the syllable constituency of glide 

segments in a cluster is not clear, which has implications for the relative complexity of 

consonant+glide sequences (for additional discussion of Spanish phonological complexity, see 

Barlow, 2003; Cataño et al., 2009). 

Despite cross-linguistic differences in the parameters of complexity that would impact 

complexity-based target selection, there is little evidence with which to compare phonological 

generalization patterns across potentially complex intervention targets in Spanish or any 

language other than English. To support intervention for Spanish-speaking children with SSD, 

we must better examine the impact of phonological complexity on intervention provided in 

Spanish. 
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The Current Study 

In this initial study, we employ a multiple-baseline (MBL) single-case experimental design 

to examine the effect of speech intervention targeting relatively complex phonological structures 

in Spanish, including complex clusters (e.g. /ɡɾ/) and complex singletons (e.g. /l/) in four 

Spanish-speaking bilingual children with SSD. Given the paucity of research regarding the 

phonological characteristics of intervention targets for SSD in Spanish, we address the following 

questions: 

(1) Is phonological learning stimulated by intervention targeting relatively complex 

phonological structures? 

(2) What are the observable patterns of phonological generalization following intervention 

targeting complex singletons and clusters in Spanish? 

Clinically, we contribute to the limited body of intervention efficacy research for Spanish-

speaking children with SSD and identify individual characteristics and features of the 

intervention targets that may impact a child’s response to this speech intervention.  

Method 

This study was approved by San Diego State University’s institutional review board 

(IRB), under protocol number HS-2019-0021. The study procedures were explained to parents 

and participating children in person. Parents then provided written informed consent, and the 

children assented to their participation.  

Participants 

Four Spanish-English bilingual children (hereafter referenced with pseudonyms), aged 

4;1‒5;11, with a phonologically based SSD, also referred to as functional phonological disorder 

(Gierut, 1998b), are included in this study as participants from a larger, ongoing intervention 
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study. Participants were recruited by circulating digital and paper fliers at a university speech-

language clinic and to local speech-language pathologists. The participants are first-language 

speakers of Spanish living in Spanish-dominant households. Living in the US, they are also 

second-language learners of English. All participants had some exposure to English through 

acquaintances, siblings, or preschool, and two participants (Jaime and Roberto) had a parent 

who was proficient in both Spanish and English. Each participant’s relative exposure is 

quantified as a ratio of years (or portions of years) of Spanish exposure to years of English 

exposure since birth, as displayed in 6-1. For instance, Marta was exposed to Spanish from 

birth (4.1 years) and English for one year in preschool. Her ratio of Spanish:English exposure at 

the time of the study was thus 4.1:1 (4.1). That these children are bilingual is not a focal point of 

this study, nor is this study an examination of cross-linguistic intervention effects. Although 

some exposure to English limits our ability to compare Spanish and English as discrete linguistic 

entities, we gain the ability to independently examine an intervention effect in an understudied 

group that is more representative of young Spanish-speaking children in majority English-

speaking countries. 

Presence of phonological disorder was determined via a converging approach 

(Restrepo, 1998), including reported concern with speech development or intelligibility in 

Spanish by a parent and the study speech-language pathologist, in addition to absence of 10 or 

more Spanish phonemes or consonant clusters from their phonetic or cluster inventories. 

Participants had age-appropriate language comprehension in Spanish (Zimmerman et al., 

2012), normal hearing, nonverbal cognition within the normal range (Roid & Miller, 1997), 

performance within the normal range on an oral-motor examination, and no diagnosis of other 

motor, behavioural, cognitive or neurological impairment at the time of their participation in the 

study. Additional participant characteristics are given in table 6-1, and inclusionary and 

exclusionary criteria are specified in table 6-2. 
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Table 6-1. Participant characteristics at initial assessment. 

Name Age Sex 
Spa:Eng 

Exp.* Mat. Ed. 
PLS-5 

AC / EC MLUw Leiter-R PCC-R ICS 
Diego 04;09.27 M 6.3 HS 84 / 87 2.74 11.5 57% 2.1 
Jaime 05;11.15 M 3.1 HS 96/ 107 2.65 14 54% 2.1 

Roberto 04;05.20 M 3.1 college 120 / 115 2.25 16 63% 2.6 
Marta 04;01.10 F 4.1 HS 104 / 87 2.32 11 54% 2.8 

Note. Mat. Ed. = maternal education. PLS-5 = Standard scores from the Preschool Language 

Scales-Fifth Edition Spanish (Zimmerman et al., 2012). AC = Auditory Comprehension subtest. 

EC = Expressive Communication subtest. MLUw = mean length of utterance in words 

(Spanish). Leiter-R = Scaled scores from the Figure Ground and Form Completion subtests of 

the Leiter International Performance Scale–Revised (Roid & Miller, 1997). PCC-R = 

Percentage of Consonants Correct-Revised (Shriberg et al., 1997). ICS = Intelligibility in 

Context Scale (McLeod et al., 2012). ICS is displayed as total average score (maximum 5). 

* Ratio of years of Spanish exposure to years of English exposure since birth.

Table 6-2. Inclusionary and exclusionary criteria.

Inclusionary criteria 
Language profile 
Mexican-US Spanish as first language 
Living at home with a native Spanish-speaking caregiver 
Phonological disorder 
≥ 10 phonemes or clusters missing from phonetic and cluster 

inventories 
Converging parent and SLP report of speech concern (Restrepo, 

1998) 
Exclusionary criteria 

Receiving other speech/language services 
Diagnosis of other motor, behavioural, cognitive or neurological 

impairment 
Binaural hearing screen failure 
Atypical oral-motor examination 
Leiter-R nonverbal cognition standard score < 77.5 
PLS-5 Spanish AC standard score < 77.5 

Note. PLS-5 Spanish AC = Preschool Language Scales-Fifth Edition Spanish 

(Zimmerman et al., 2012) Auditory Comprehension subtest. Leiter-R =  Leiter 

International Performance Scale-Revised (Roid & Miller, 1997) Figure Ground and Form 

Completion non-verbal intelligence subtests. 
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Assessment Procedures 

The Evaluación de la Fonología Española (EFE; Barlow & Combiths, 2019) and 

individualized subsets of this probe used at baseline and mid-intervention timepoints were the 

primary sources of speech production data in this study. The EFE is a picture-based single-word 

elicitation probe for phonological analysis designed to sample all consonants, consonant 

clusters, and vowels of Spanish a minimum of three times in each permissible word position 

(see appendix for word list). To preserve this as a generalization measure, words in the EFE 

were never used during intervention. The EFE exists in A and B versions, each with a unique 

set of images and cues presented in different orders. Repeated administrations of the EFE with 

the same participant alternated between A and B versions. A subset of the EFE target words 

was used to create individualized probes for each of the participants’ monitored sounds, 

sampling each a minimum of three times. This subset probe was administered at baseline and 

mid-intervention sessions, as described in the following section. 
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Table 6-3. Assessment measures by study phase. 

Phase Assessment Measure 

Pre 

EFE  
Little PEEP 
Stimulability 
Language sample (Spanish) 
Language sample (English) 
ICS 
PLS-5 Spanish 
Hearing screening 
Oral/peripheral mechanism exam 
Developmental and language history questionnaire 
Leiter-R 

Baselines 1–4 EFE (monitored subset) 

Mid EFE (monitored subset) 

Post 

EFE  
Little PEEP 
Language sample (Spanish) 
Language sample (English) 
ICS 

1 Month Post EFE 

2 Month Post EFE 

Note. EFE = Evaluación de la Fonología Española (Barlow & Combiths, 2019). Little 

PEEP = Shorter Protocol for the Evaluation of English Phonotactics (Barlow, 2012). ICS 

= Intelligibility in Context Scale (McLeod et al., 2012). Stimulability = Spanish 

stimulability task adapted from Glaspey and Stoel-Gammon (2005). Leiter-R = Leiter 

International Performance Scale-Revised (Roid & Miller, 1997). PLS-5 = Preschool 

Language Scales Fifth Edition Spanish (Zimmerman et al., 2012). 

Dependent and Descriptive Variables 

For each child, following analysis of their pre-intervention productions from the EFE, 

consonant phonemes and consonant clusters produced with 0% accuracy (henceforth 0%-at-

baseline sounds) were monitored across baseline and during and after intervention. Each 

participant’s 0%-at-baseline monitored sounds are displayed in table 6-4. These monitored 

structures provide data for the dependent variable in this study: accuracy of 0%-at-baseline 
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sounds (Gierut et al., 2015). Monitoring 0%-at-baseline sounds is desirable for measuring 

generalized phonological change because these sounds are less likely to improve on their own 

in a short period of time (i.e. the 6-week intervention time frame; Dinnsen & Elbert, 1984; Miccio 

et al., 1999; Powell, 1993; Powell et al., 1991; Sommers et al., 1967). Because this study 

examines generalization across the phonological system to untreated structures, it was critical 

to identify structures that would remain stable in the absence of intervention (i.e. <10% 

variability across baseline sessions; McReynolds & Kearns, 1983). A stable dependent measure 

was necessary for experimental control and allowed isolation of an intervention effect by 

mitigating the confounds of time, maturation, and general variability in performance across 

probes.  

Table 6-4. 0%-at-baseline sound structures monitored for generalization. 

Participant Monitored sound structures 
Diego [bl, bɾ, dɾ, fl, fɾ, ɡl, ɡɾ, kl, kɾ, pl, pɾ, tɾ, lj, lw, rj, rw, mj, nj, nw, bj, fj, pj, sj, tj, r] 
Jaime [bɾ, dɾ, fɾ, ɡɾ, kɾ, pɾ, tɾ, lw, rj, rw, bw, ʝw, r] 
Marta [bl, bɾ, dɾ, fl, fɾ, ɡl, ɡɾ, kl, kɾ, pl, pɾ, tɾ, lj, rj, mw, nj, nw, fj, ʝw, sj, r] 

Roberto [bl, bɾ, dɾ, fl, fɾ, ɡl, ɡɾ, kl, kɾ, pɾ, tɾ, lj, rj, mw, nw, bw, dw, fw, ʝw, kw, pw, tw, r] 

There is also precedent for the sensitivity of composite change in accuracy of difficult 

sounds as an outcome measure in speech intervention research. These accuracy measures 

may be better differentiators of intervention effects across groups or conditions (Smit et al., 

2018) than traditional global accuracy measures, such as Percentage of Consonants Correct-

Revised (PCC-R; Shriberg et al., 1997). Further, much of the work examining the impact of 

complex target selection in treatment of phonological disorders for monolingual English-

speaking children has utilized monitoring of low- or zero-accuracy sounds to establish baseline 

stability and operationalize broad phonological growth (e.g. Elbert & McReynolds, 1985; Gierut, 

1999; Rvachew & Bernhardt, 2010). 
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In addition to the experimentally controlled dependent variables derived from each 

participant’s subset of 0%-at-baseline sounds, additional measures were derived from the 

children’s speech productions or otherwise collected across study phases. These descriptive 

measures included accuracy of the intervention target in practiced word (i.e. non-generalized 

learning), phonetic and cluster inventories, PCC-R (Shriberg et al., 1997), and parent report of 

intelligibility across contexts (McLeod et al., 2012).  

Experimental Design 

This study uses a form of MBL, across-participants design (Byiers et al., 2012; Gierut, 

2008; Kratochwill et al., 2010; McReynolds & Kearns, 1983) suited to the study population and 

research questions, as follows. First, this design does not assume homogeneity across 

participants and is appropriate for intervention research for children who are highly variable in 

terms of speech and language use (Shriberg & Lof, 1991). Second, the design lends itself to 

multiple measurements and a breadth of data which are descriptive of each individual’s 

response to intervention. Third, participants’ baseline stability within and across conditions 

provides control against which the intervention effect can be observed. Finally, this design is 

appropriate in cases where the dependent variable (i.e. phonological accuracy) is not likely to 

be reversed after intervention is withdrawn (Kratochwill et al., 2010) as has been attested in 

prior intervention research for children with SSD (Gierut et al., 2015). 

Per this design, participants were monitored across four sessions during a baseline 

period of no intervention, collectively demonstrating stability of participants’ monitored sets of 

0%-at-baseline sounds and their intervention targets in the absence of intervention to be 

contrasted with the observed intervention effect over the course of the intervention period and 

immediately post intervention.  
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Intervention Targets and Materials 

As part of their participation in the larger study, each child was randomly assigned to 

receive either a complex singleton or cluster target. Within these constraints, target selection 

was based on each child’s phonological system at the pre-intervention assessment. For each 

child, consonants or clusters used with less than 30% accuracy were considered potential 

targets. This was motivated by prior research which identified 20−30% accuracy as a range of 

potential cut-off values, below which functional contrastive use is less likely (Combiths et al., 

2019). Of these potential targets, that which was most complex, according to age of normative 

acquisition for singletons (McLeod & Crowe, 2018) and sonority distance for clusters (Clements, 

1990), was selected as the participant’s intervention target. In instances where multiple 

relatively complex targets were plausible, the structure with the lowest accuracy was selected. 

Targets were excluded if they were limited by positional constraints (i.e. /ɾ/). Potential singleton 

targets with multiple or complex gestures (i.e. /r/ and /ʧ/) were also excluded due to articulatory 

characteristics that complicate the distinction between singleton and cluster targets (e.g. Berns, 

2013). Following these procedures, the cluster targets /ɡɾ/ and /bɾ/ were selected for Jaime and 

Diego, respectively. The target /l/ was selected for both Marta and Roberto1. Production 

accuracy of each participant’s target did not vary more than 10% during baseline (McReynolds 

& Kearns, 1983). 

1 Both participants with singleton targets were trained with /l/. This consonant is considered less 

complex in Spanish relative to English (McLeod & Crowe, 2018); however, its relative 

complexity may be different in the unique phonological system of a bilingual child (Fabiano-

Smith & Goldstein, 2010). Nevertheless, it was the least accurate, most complex singleton 

available for target selection in both cases. 

132



Phonological targets were embedded in six words used throughout the intervention. 

These included three real Spanish words (e.g. grupo “group”, grano “grain”, grave 

“serious/bad”), and three nonwords following the phonotactic restrictions for permissible words 

in Spanish (e.g. graki, gruka, grema). Nonwords were included as they have been shown to 

more readily induce generalization learning in children with SSD (e.g. Cummings & Barlow, 

2011). Associated with these words were a set of picture cards, a story embedded with the 

target words, and a simple toy associated with each noun. All additional toys and materials 

nonspecific to the target words were consistent across participants. 

Intervention Protocol 

Intervention was provided in one-to-one sessions for 45 minutes, three times per week, 

for a maximum of six weeks. All intervention was provided by one Spanish-English bilingual 

speech-language pathologist and conducted in Spanish following a drill-play format (Shriberg & 

Kwiatkowski, 1982) with an imitation phase followed by a spontaneous phase. Participants 

completed the intervention by attending 18 sessions or by meeting performance criterion. 

Criterion for completion of the imitation phase was 75% accuracy on the treatment probe across 

two consecutive sessions. Criterion for the spontaneous phase was 90% accuracy on the 

treatment probe across three consecutive sessions (Gierut, 2015).  

At the start of intervention, children were oriented to their target with visual, verbal, 

tactile, and articulatory cues to achieve stimulability of the target or a close approximation 

(Bauman-Waengler, 2008; Secord, 2007). In each session, the clinician attempted to maximize 

the child’s target production attempts (M = 226, SD = 63). During the imitation phase, 

productions were elicited in imitation with 1:1 clinician feedback. During the spontaneous phase, 

elicitations did not include a verbal model, and spontaneous production was facilitated. 

Feedback was intermittent during this phase to allow for self-monitoring and self-correction 

(Ertmer & Ertmer, 1998; Shriberg & Kwiatkowski, 1990). 
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Transcription and Analysis 

At the beginning of each intervention session, the target accuracy probe was 

administered, eliciting each of the child’s target words three times via images displayed on a 

tablet. No feedback was provided during the target accuracy probe. Productions in the target 

accuracy probe were scored by the clinician as accurate or inaccurate, based only on 

production of the target. Thus, age-appropriate production of the targeted singleton or cluster 

was scored as accurate and any other production of the target (including complete omission) 

was scored as inaccurate, independently of the child’s production of the rest of the word. 

All participant productions from the EFE at each timepoint were transcribed online with 

narrow phonetic notation by the administering clinician or a Spanish-speaking research 

assistant trained in Spanish transcription and recorded onto a Roland Edirol R-09 digital 

recorder at a sampling rate of 44,000 Hz for later transcription by a different research assistant 

blind to the original transcriptions. Point-to-point interrater reliability for 20% of each session 

was 90.4% (e.g. Shriberg & Lof, 1991). Transcriptions were entered in Phon (version 2.2; Rose 

& Hedlund, 2017), after which production targets were generated and aligned to each child’s 

actual productions. For the purposes of analysis, all onset consonant sequences, including 

consonant+glide sequences, were categorized as consonant clusters. Accuracy for 0%-at-

baseline consonants and clusters and PCC-R (Shriberg et al., 1997) were generated within 

Phon. Phonetic and cluster inventories based on a two-time occurrence in productions from the 

EFE were generated with the AutoPATT plugin (Combiths et al., in press). 

Results 

In this section, we provide the results of the study, beginning with a qualitative 

description of intervention components and each participant’s intervention progress in terms of 

accuracy with the targeted structure in practiced words. Then we describe the dependent 

variable, which captures broad phonological generalization to 0%-at-baselines sounds and 

134



provide an estimate of the intervention effect size. Finally, we present additional descriptive 

measures of each participant’s phonological system and intelligibility. 

Intervention and Target Accuracy 

A retrospective qualitative analysis of intervention sessions according to the 

phonological intervention taxonomy proposed by Baker et al. (2018) confirmed that teaching 

moments were primarily articulatory-phonetic and phonological in nature, and most sessions 

included both. Spoken cues and models were provided in every session, and visual or gestural 

models were used in some sessions for all participants. Tactile cues were used infrequently in 

some sessions for Diego and Roberto only, as follows: for Diego, finger tapping or moving two 

fingers together were used to emphasize the presence of two components in his cluster target, 

/bɾ/; for Roberto, the area around the nose was touched to remind him to produce his target /l/ 

without nasal airflow.  

Children’s production attempts were either imitated, elicited without a model, or 

spontaneous, with elicited attempts introduced after the midpoint of intervention. Every session 

included production attempts in real words and nonwords, and few production attempts were 

made in isolation. Sessions after the midpoint of intervention included more productions in 

sentences and conversation. Feedback given by the clinician following production attempts 

primarily offered knowledge of results (i.e. correct/incorrect; e.g. “¡así es el nuevo sonido!” 

[that’s your new sound!]) or knowledge of performance (e.g. “la próxima vez con los dos sonidos 

juntitos” [next time with both sounds together]). Knowledge of results and performance were 

given in nearly every session. Clinician recasts demonstrating an accurate production were also 

frequent, occurring in about half of sessions. Only few instances of explicit self-reflective 

feedback were recorded. Finally, session activities combined drill and play, with reading 

included after the midpoint of treatment. 
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Figure 6-1. Intervention target accuracy.  

 

Note. Dashed line indicates midpoint/phase shift. 

 

Each participant’s performance on the target accuracy probe for each intervention 

session is displayed in figure 6-1. One participant, Marta, met performance criteria for 

completion at session 15. The remaining participants completed 18 intervention sessions and 

demonstrated considerable variability in their learning of the targeted structure. Jaime exhibited 

large fluctuations, ending at 61% accuracy with his target. Roberto also fluctuated, falling near 

or below 10% target accuracy until session 16 where accuracy rose sharply, ending at 89%. 

Diego did not produce any accurate instances of his intervention target until session 9 and 

completed the intervention at only 22% accuracy. 

Generalization to Monitored Sounds 

Considering each child’s monitored set of 0%-at-baseline singleton consonants and 

clusters only, we can conservatively examine patterns of change most attributable to an 

intervention effect. Composite accuracy for 0%-at-baseline consonants and clusters are 

displayed in figure 6-2. Jaime demonstrated the largest amount of growth in 0%-at-baseline 
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structures, although fluctuating considerably. Diego and Marta showed smaller but more 

consistent patterns of broad growth. Roberto showed the most delayed pattern of 

generalization, with no change in 0%-at-baseline structures at the midpoint of intervention, and 

some growth evident at the post-intervention assessment.  

Each 0%-at-baseline singleton or cluster for which accuracy changed over the course of 

the intervention is displayed in table 6-5. Examining individual structures, the greatest post-

intervention growth was observed for consonant+glide clusters, with simpler clusters of larger 

sonority distance improving the most. Growth in other classes of sound structures was either 

small, transient, or unattested in the monitored set.2 

Table 6-5. Accuracy change in monitored clusters. 

Name Target Pre Mid Post 
1 Month 

Post 
2 Month 

Post 

Diego 

/kl/ 0% (0) 0% (0) 20% (0.18) 0% (0) 0% (0) 
/nj/ 0% (0) 0% (0) 50% (0.35) 0% (0) 50% (0.35) 
/nw/ 0% (0) 0% (0) 33% (0.27) 0% (0) 0% (0) 
/bj/ 0% (0) 33% (0.27) 0% (0) 33% (0.27) 0% (0) 

Jaime 
/fɾ/ 0% (0) 33% (0.27) 0% (0) 0% (0) 0% (0) 
/kɾ/ 0% (0) 33% (0.27) 0% (0) 0% (0) 25% (0.22) 
/bw/ 0% (0) 67% (0.27) 33% (0.27) 67% (0.27) 33% (0.27) 

Marta 

/kl/ 0% (0) 0% (0) 20% (0.18) 0% (0) 0% (0) 
/mw/ 0% (0) 0% (0) 33% (0.27) 0% (0) 33% (0.27) 
/nj/ 0% (0) 0% (0) 50% (0.35) 50% (0.35) 50% (0.35) 
/fj/ 0% (0) 33% (0.27) 0% (0) 33% (0.27) 67% (0.27) 
/sj/ 0% (0) 0% (0) 25% (0.22) 50% (0.25) 75% (0.22) 

Roberto /kl/ 0% (0) 0% (0) 20% (0.18) 0% (0) 0% (0) 
/pɾ/ 0% (0) 0% (0) 33% (0.27) 0% (0) 0% (0) 

Note. Standard errors in parentheses. 

2 It should be noted that the only singleton consonant at 0% accuracy across baselines for any 

of the children was trill /r/; thus, the absence of singleton change (excepting Jaime at 1 

Month Post) reflects, specifically, unchanged accuracy of trill /r/.  
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Effect Size 

To estimate an intervention effect size comparable with similar MBL designs in clinical 

phonology, standard mean difference was calculated following Gierut et al. (2015), using 

accuracy of singletons and clusters produced with 0% accuracy at the pre-intervention 

assessment and the pooled standard deviation of accuracy of those structures across baselines 

(0.19). Standard mean difference permits comparison of the impact of intervention, across study 

participants, in a way that accounts for participants’ pooled variance as well as individual 

accuracy change during baseline. Note that this metric does not exclude those 0%-accurate 

sounds that were produced with some accuracy during the baseline sessions (not exceeding 

±10% change). This was necessary to observe each participant’s variance in 0%-accurate 

sounds across baseline sessions and to determine the standard deviation of accuracy at 

baseline, which cannot be zero, as it is the denominator of the standard mean difference 

calculation. 

The standard mean difference for each participant’s growth in accuracy of their 

monitored sounds are shown in 6-6. Jaime demonstrated the largest intervention effect at 8.5, 

followed by Diego at 1.5, Roberto at 0.8, and Marta at 0.2. Also included in table 6-6 is each 

participant’s accuracy during the baseline period for those sounds that were 0% accurate at the 

pre-intervention session. Any accuracy improvement to those sounds during baseline is 

indicative of pre-intervention variability and potential for growth not attributable to the 

intervention and, thus, reduces the standard mean difference effect size. During baseline, Jaime 

and Marta showed greater variability in their monitored structures, whereas Diego and Roberto 

showed little to no change in accuracy of their monitored structures. Table 6-6 also displays 

each participant’s PCC-R (Shriberg et al., 1997) for comparison with a typical clinical metric. 
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Table 6-6. Standard mean difference effect size and PCC-R. 

Name Target Baseline Intervention SMD 
PCC-R 

Pre 
PCC-R 

Post 

Diego /bɾ/ 0.3% 3.2% 1.5 57.2% 64.9% 

Jaime /ɡɾ/ 3.8% 20.0% 8.5 54.2% 59.8% 

Roberto /l/ 0.0% 1.5% 0.8 63.1% 67.1% 

Marta /l/ 3.8% 4.2% 0.2 53.7% 60.1% 

Note. Following Gierut et al. (2015), standard mean difference was calculated using 

accuracy of singletons and clusters produced with 0% accuracy during the pre-

intervention assessment and the standard deviation of accuracy in those sounds during 

baseline pooled across participants (0.19). Baseline = mean accuracy across baseline 

sessions. Intervention = mean accuracy across intervention and post sessions. SMD = 

standard mean difference.  

 

Inventories 

Each child’s phonetic and cluster inventories are shown at pre- and post-intervention 

timepoints in table 6-7. At the post session, Marta added [ɾ, dw, kw, mj, nj, tj], Roberto added [bj, 

fj, kj, mj, nj, pj, sj], and Jaime added [v, ɾ, ʧ, dj, fj, nw, pj, sj, tj, tw]. Diego did not add any 

consonants or clusters at the post session. Furthermore, Marta “lost” one non-ambient (i.e. not 

occurring in the target variety of Spanish) consonant [ʔ], Roberto lost three non-ambient 

consonants [l,̃ ʃ, ʦ], and Jaime lost two non-ambient clusters [kᵊl, ɬw] at their post sessions.  

140



  

Table 6-7. Phonetic and cluster inventories at pre and post sessions. 

Name Pre Post 

Diego 

[p, b, t, d, k, ɡ, m, n, ɲ, f, v, s, ʝ, x, 
h, ʦ, ʧ, w, β, ɣ, ð, l, ɾ, j] 

[p, b, t, d, k, ɡ, m, n, ɲ, f, s, ʝ, x, h, 
ʧ, w, β, ɣ, ð, l, j] 

[fw, sw, bw, pw, kw, tw] [fw, sw, bw, pw, kw, tw]  

Jaime 

[p, b, t, tʰ, d, k, ɡ, m, n, ɲ, f, s, ʝ, x, 
h, ɬ, ʦ, w, β, ɣ, ð, l, j] 

[p, b, t, tʰ, d, k, ɡ, m, n, ɲ, f, v, s, 
ʝ, x, ɬ, ʦ, ʧ, w, β, ɣ, ð, l, ɾ, j] 

[ɬw, kᵊl, mw, mj, fw, fl, pw, pl, kw, 
kj, kl] 

[nw, mj, mw, fl, sj, fw, fj, dj, pw, 
pl, kl, tj, tw, kw, pj, kj] 

Marta 

[p, b, t, d, k, ɡ, ʔ, m, n, ɲ, f, v, s, ʝ, 
x, h, w, β, ɣ, ð, l, j] 

[p, b, t, d, k, ɡ, m, n, ɲ, f, s, ʝ, x, h, 
w, β, ɣ, ð, l, ɾ, j] 

[dj, bw] [nj, mj, dj, dw, kw, tj] 

Roberto 

[p, b, t, d, k, ɡ, m, n, ɲ, f, v, s, ʃ, ʝ, 
x, ʦ, ʧ, w, β, ɣ, ð, l, l,̃ ɾ, j] 

[p, b, t, d, k, ɡ, m, n, ɲ, f, v, s, ʝ, x, 
ʧ, w, β, ɣ, ð, l, ɾ, j] 

[dj, tj] [nj, mj, sj, fj, bj, kj, pj] 

Note. Singletons or cluster added to the inventory in the post-intervention session are 

bolded. 

Intelligibility in Context Scale and Parent Report 

The ICS (McLeod, 2020; McLeod et al., 2012) was completed by a parent of each child 

at pre- and post-intervention sessions. The ICS is a subjective intelligibility-rating screener 

which asks the respondent to rate their child’s intelligibility on a 5-point scale for different 

communication partners (i.e. parent, immediate and extended family, friends, acquaintances, 

teachers, and strangers). The average total score for each child increased post intervention. 

Roberto’s score increased by 0.57 (pre=2.57; post=3.14), Marta’s score increased by 0.58 

(pre=2.75; post=3.33), Diego’s score increased by 1.15 (pre=2.14; post=3.29), and Jaime’s 

score increased by 0.79 (pre=2.14; post=2.93). Parents’ ratings on the ICS were mostly 

consistent with their report on a post-intervention survey. All participants’ parents indicated that 

they noticed improvement in their child’s speech sound production and intelligibility, except for 

Diego’s parent, who indicated that she did not notice change. However, she did report 
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improvement at the 1-month follow-up session. 

Discussion 

In this study, four Spanish-dominant Spanish-English bilingual children with SSD 

participated in a speech intervention targeting complex phonological structures in Spanish. 

Some phonological growth was demonstrated by all the children following intervention; however, 

there was considerable variation in each child’s learning of the targeted structure and 

generalization to untargeted structures. These findings may support the feasibility of this 

intervention for Spanish-speaking children; however, considerable individual variability limits the 

generalizability of these findings. Based on standard mean difference, the impact of targeting 

complex phonological structure on system-wide generalization was greater for participants who 

learned a complex cluster than those who learned a complex singleton, which aligns with the 

results of two case studies that have targeted clusters in Spanish (Anderson, 2002; Barlow, 

2005). We thus begin to extend the efficacy of an intervention approach that has been shown to 

be appropriate for monolingual English-speaking children (Gierut, 1999; Gierut & Champion, 

2001; Gierut et al., 1996) to Spanish-speaking bilingual children. 

Individual Differences 

Although all participating children demonstrated some degree of phonological growth, 

there was great variability in their individual responses to the intervention. To facilitate a 

discussion of each child’s results, we will summarize the findings for each participant before 

reflecting upon potential explanatory factors. 

Diego’s intervention target was the complex cluster /bɾ/. Given limited accuracy gains 

with his target, acquiring the targeted structure was more challenging for Diego than for the 

other participants, including Jaime, who was also trained with a similar complex cluster. Across 

the baseline period, his accuracy and speech production patterns were relatively stable. Despite 
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achieving only 22% accuracy with the cluster target, his relative stability at baseline allows his 

post-intervention generalization to be more confidently attributed to the intervention, as reflected 

in a standard mean difference of 1.5, which is higher than the two children who learned 

singleton targets and lower than the child who demonstrated greater success in acquiring the 

cluster target. 

Jaime was trained to produce the cluster target /ɡɾ/. In stark contrast to Diego, his 

production accuracy in monitored sounds at baseline was markedly variable. He was also the 

oldest participant in the study. Although fluctuating, his learning of the targeted cluster trended 

upward, peaking at 74% accuracy at session 12. Of all the children, he demonstrated the most 

phonological generalization during and immediately post intervention with a standard mean 

difference of 8.5, even after modulating for his variance in accuracy during baseline.  

Roberto’s target was the complex singleton /l/. He was slower than all but Diego to 

demonstrate learning of the intervention target, despite a singleton target being ostensibly 

easier to master than a cluster target (e.g. Rvachew & Nowak, 2001). Although somewhat 

delayed, he ultimately reached a relatively high level of accuracy with his intervention target, 

surpassed only by Marta, who was also trained with a singleton target. In keeping with his 

delayed trajectory in learning the intervention target, he was also the only participant to 

demonstrate no generalized growth in 0%-at-baseline sounds at the midpoint of intervention. 

Like Diego, his variance in monitored accuracy during baseline was very small. He also 

demonstrated only limited phonological generalization attributable to the intervention, with a 

standard mean difference of 0.8. 

Marta’s target was also the complex singleton /l/. She was the youngest participant and 

the only one to reach the performance criterion for intervention completion, demonstrating 100% 

accuracy with her intervention target across three sessions. She was thus the most rapid and 

successful in learning the target. She also demonstrated relatively broad phonological growth; 

however, her standard mean difference was the lowest at 0.2. This may seem unexpected, but it 
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is attributable to greater variance in her monitored production accuracy during baseline, which 

minimizes the amount of phonological generalization which can be ascribed to the applied 

intervention. 

Taken together, participating children who demonstrated phonological systems with 

more variability in production accuracy of 0%-accurate sounds prior to intervention were also 

those that demonstrated the greatest post-intervention phonological growth. After adjusting this 

growth for variability during baseline, only a small portion of the observed growth could be 

attributed to Marta’s intervention with a singleton target. However, the large amount of broad 

phonological growth observed for Jaime, who had a cluster target, still amounted to a relatively 

larger effect size, despite attenuating for his variability. The children who were less variable in 

their productions did not appear to learn their targeted structures as efficiently as those who 

were more variable. This relationship between variability and readiness for phonological 

learning is discussed further as a theoretical implication. 

Clinical and Theoretical Implications 

One of the goals of this study was to describe patterns of generalization following 

intervention. Clinically, our understanding of the scope of expected generalization from 

particular linguistic structures trained in intervention can support ideal intervention target 

selection to maximize improvement in less time (e.g. Barlow & Enríquez, 2008). Theoretically, 

speech acquisition and generalization patterns have been associated with universal 

implicational relationships and relative markedness among phonological structures (Gierut, 

2007). It is thus critical that we document phonological generalization patterns to inform both our 

clinical and linguistic understanding of target structures, especially beyond monolingual English 

speakers.  

One observation that spanned all participants’ generalization patterns is the emergence 

or maturation of consonant clusters during or post intervention. Per cross-linguistic implicational 

144



  

laws (e.g. Watts & Rose, 2020), this is expected for Diego and Jaime with cluster targets, but 

unexpected for Marta and Roberto with singleton targets. The emergence of other clusters and 

singletons is expected following intervention targeting clusters (Gierut, 1999; Gierut & 

Champion, 2001), but intervention targeting singletons is only expected to stimulate across-

class growth in singleton structures, at least in English (Gierut, 2007). This difference could be 

influenced by language-specific variables, methodology, or both.  

Most of the observed growth in consonant clusters in this study was within 

consonant+glide clusters (e.g. /bw/, /fj/), whose status as “true” branching onset clusters in 

Spanish is debated (e.g. Harris, 1983; Senturia, 1998). Thus, the growth in glide clusters 

observed in this study may not be analogous to growth in true branching clusters. Additionally, 

because intervention targeting a singleton consonant is not expected to cause significant growth 

in branching onset clusters, the observed improvement to consonant+glide clusters may provide 

additional evidence for the status of these sequences as simpler singleton onsets followed by a 

nucleus constituent in these children’s phonological systems. Nevertheless, participants trained 

with a singleton also demonstrated limited improvement to other clusters (i.e. /kl/, /pɾ/) that are 

not subject to the same debate about their branching onset status (Harris, 1983). Thus some, 

but not all the observed growth in clusters following intervention targeting a singleton may be 

attributable to the constituency of glide clusters within the syllable. 

It may also be the case that generalization following intervention targeting singleton 

consonants does not exclusively affect individual consonants. Most research establishing 

generalization patterns following intervention with singleton targets only reported singleton or 

general consonant generalization data, as consonant clusters were not expected to change and 

thus were not monitored (Dinnsen & Elbert, 1984; Elbert & McReynolds, 1985; Flint & Costello 

Ingham, 2005; Gierut, 1990, 1991; Gierut et al., 1987; Gierut & Morrisette, 2012; Gierut et al., 

1996; Gierut & Neumann, 1992; Miccio et al., 1999; Powell et al., 1998; Rvachew & Nowak, 

2001). For those few studies in which complex singletons were targeted and consonant clusters 
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were included in generalization results, most, if not all, evidenced some growth in untargeted 

consonant clusters (Elbert & McReynolds, 1979; Gierut, 1998a; Miccio & Ingrisano, 2000; 

Rvachew & Bernhardt, 2010). The observed generalized improvement in clusters for the two 

Spanish-speaking children in this study who learned a singleton target is thus aligned with 

similar results from intervention with monolingual English-speaking children. 

The question that follows is how we might explain growth in phonological structures that 

would not necessarily be predicted by implicational relationships (i.e. singletons do not imply 

consonant clusters; Gierut, 2007; Watts & Rose, 2020). The observable improvement in sound 

structures that are more complex than the target itself could be analogous to the effect of a 

trigger within a dynamic system, which has been cited in explanation of the spontaneous 

emergence of complex motor behaviours (Fogel & Thelen, 1987; Thelen, 1995; Thelen & Smith, 

2007). Within dynamic systems theory, the observation of broad or cascading improvements in 

speech-sound production following introduction of a new structure into the child’s dynamic 

phonological system do not need to exclusively follow the patterns of linguistic universals or 

implicational laws (Rvachew & Bernhardt, 2010). 

Of course, there is a large body of research which supports the role of implicational laws 

in predicting generalization patterns following speech intervention; thus a comprehensive 

explanation must account for the roles of linguistically predictable generalization and the 

dynamic and somewhat unpredictable nature of a child’s motoric and cognitive-linguistic 

systems. Children in this study trained with the most complex cluster targets demonstrated more 

phonological growth in similarly complex and implied less complex structures (i.e. clusters of 

similar and higher sonority distances) than children who were trained with singleton targets of 

lesser complexity. This is congruent with predictions based on implicational hierarchies (e.g. 

Gierut, 1999; Gierut & Champion, 2001). Nevertheless, some limited growth in true branching 

onset clusters was also observed in children trained with a singleton target, which indicates that 

not all growth is predictable from these linguistic relationships, but that the introduction of a new 
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complex structure into a child’s phonological system can also stimulate growth in as-yet 

unpredictable ways.  

The dynamic nature of a child’s development may also provide insight into the 

relationship between variability and readiness for phonological learning shown in these data. 

Much of the change that occurs within dynamic systems can occur covertly. Multiple small 

changes occurring across interacting systems may go unnoticed or appear as inconsistencies or 

variability. However, at some indeterminate point, a small change can trigger one or many 

observable behavioural changes, such as the emergence of a new, more complex sound 

production pattern. In this scenario, the new behaviour is not the product of the one small trigger 

change, but rather the product of accumulated changes prior to and including the trigger (Thelen 

& Smith, 2007). In other words, children who were demonstrating greater variability prior to and 

during intervention may have been in a state primed for phonological change, facilitated by the 

introduction of a complex structure into their phonological system. 

Limitations 

This study used a form of MBL, across-participants design. It differed from a canonical 

MBL design in that baselines were not staggered across participants. Instead, baseline variance 

across participants was pooled and included in the standard mean difference effect size metric, 

which permits the pool of participants at baseline to collectively provide control against which 

the treatment effect may be observed. Other single-case designs, such as alternating ABAB 

designs, can offer greater experimental control by allowing a participant to serve, exclusively, as 

their own control; however, these designs may not be effective when the intervention effect is 

expected to endure after treatment, as is the case with this intervention (Byiers et al., 2012; 

McReynolds & Kearns, 1983). Nevertheless, there are limitations to the degree of experimental 

control that can be offered with this design, and both replication and expansion of this work are 

needed. 
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Both participants with singleton targets were trained on /l/. This consonant is considered 

less complex in Spanish relative to English (McLeod & Crowe, 2018); however, its relative 

complexity may be different in the unique phonological system of a bilingual child (Fabiano-

Smith & Goldstein, 2010). Although it was the least accurate, most complex singleton available 

for target selection in both cases, it may not be an ideal exemplar of a complex singleton target 

in Spanish. Other Spanish singletons, particularly /ʧ/, /ɾ/, and /r/, were excluded as potential 

targets due to positional constraints or the presence of complex gestures complicating their 

singleton status (Berns, 2013). However, these singletons could make for more complex 

intervention targets due to their later normative age of acquisition and articulatory complexity 

(Buchwald, 2017; Stokes & Surendran, 2005). Consequently, the very small effect sizes 

observed for the children with singleton targets may reflect the impact of moderately complex, 

rather than maximally complex, singleton targets. 

Summary and Future Directions 

The findings from this study, in concordance with earlier case studies (Anderson, 2002; 

Barlow, 2005), begin to extend the efficacy of targeting complex consonant clusters (i.e. /bɾ/, 

/gɾ/) in intervention for Spanish-speaking bilingual children with SSD. However, broad 

phonological generalization was less apparent in children trained with a moderately complex 

singleton (i.e. /l/). Individual differences in responsiveness to the intervention also highlight the 

interconnected roles of variability, linguistic complexity, and the dynamic nature of a child’s 

phonological system in speech intervention outcomes. 

Given the initial nature of this study, replication and expansion is needed to understand 

the generalizability of these findings. Future investigations should consider examining a greater 

diversity of linguistic profiles, including monolingual and multilingual speakers of languages 

other than English. For instance, a study of speech intervention with monolingual Spanish-

speaking children would permit better isolation of the role of Spanish phonology in optimal target 
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selection. Related work may also benefit from more extensive monitoring for phonological 

generalization to better characterize broad phonological growth within and across languages. 

Finally, the role of baseline variability on the intervention outcome merits further investigation 

and may be an important consideration when examining related research questions in larger 

cohort studies or randomized controlled trials.  
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CHAPTER 7: 

General Discussion
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The goal of this dissertation is to advance clinical approaches to assessment and 

treatment for children with PD, leveraging our understanding of phonology, phonological 

analysis, and phonological development to improve the efficiency of these approaches. Given 

health disparities in speech-language pathology (see Holt & Ellis, 2016) that can negatively 

affect those who do not happen to fall within the most studied populations (i.e., White, 

monolingual speakers of majority varieties of English), an additional goal of this work is to 

advance assessment and treatment in ways considerate of the clinical and linguistic diversity of 

children with phonological impairments in service of a more equitable and inclusive evidence 

base. To set the stage for this work, Chapter 1 provided an overview of the current state of 

assessment and treatment for PD, with a lens toward areas for improvement of clinical 

methodologies that could advance the efficiency and equity of these approaches in the extant 

research.  

In Chapters 2 and 3, potentially more efficient approaches to independent phonological 

assessment were explored. First, the AutoPATT plugin was introduced, and the accuracy and 

validity of its automated inventory analyses (i.e., phonetic, phonemic, and cluster inventories) 

were examined in comparison to the same independent assessment measures derived 

manually. This study found AutoPATT to be significantly more accurate than manual analyses. 

Improved accuracy, alone, indicated that these automated assessment tools can advance the 

efficiency of linguistically motivated, independent analyses, which are otherwise cumbersome 

and time consuming. Their efficiency may be further increased when the potential time-saving 

aspects of automation are also considered. In a second study, phonemic inventories generated 

with AutoPATT were compared to a percent accuracy measure to determine how accuracy is 

correlated with functional phonemic usage of consonants in children with PD. By examining the 

relationship between phonemic status and accuracy in the single-word productions of 275 

English-speaking preschool and early school-age children with PD, we found that up to 90% of 
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English consonants could be classified correctly as either in or out of a given child’s phonemic 

inventory based on an accuracy cutoff between 20–30%. Given the relative ease and familiarity 

with accuracy analyses among practicing clinicians, this relationship between two measures 

could offer a more efficient alternative to a qualitative, linguistically motivated analysis. Given 

the findings of both chapters, we can improve the efficiency of thorough phonological 

assessment procedures. Further, with more accessible tools for descriptive, independent 

analysis, we can offer clinicians more ecologically valid assessment options for diverse 

populations with PD (Castilla-Earls et al., 2020; McLeod & Baker, 2014), more accurate 

identification of impairment (Fabiano-Smith, 2019; Fabiano-Smith & Goldstein, 2010), and better 

informed decisions about treatment targets (Barlow et al., 2011; Morrisette et al., 2006; Storkel, 

2018). 

In Chapter 4, we examined the influences of surrounding phonological context on explicit 

marking of two tense and agreement morphemes in the English productions of Spanish-English 

bilingual preschool children. For both past tense /-d/ and third-person singular /-z/ morphemes, 

sonority of the immediately preceding segment in the verb stem impacted marking rate, 

although for third-person singular /-z/, this effect was dependent upon the probability of 

syllabification into the following word. An explanation for this differential pattern of surrounding 

phonological influence involved syllable- and word-level phonotactics, their interaction with 

syllabification into the onset of the following word, and the influence of Spanish phonotactic 

constraints on the English productions of these bilingual children. This work highlighted the 

interaction between phonology and morphology in word-final tense and agreement marking in 

English, an aspect of grammar that has been well established as a clinical marker for DLD in 

English-speaking children (Bedore & Leonard, 1998; Rice & Wexler, 1996). However, tense and 

agreement marking rate, alone, is problematic as an indicator of DLD for multilingual children or 

those who use a non-majority variety of English (Gutiérrez-Clellen et al., 2008; Iglesias & Rojas, 
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2012; Paradis & Crago, 2000; Paradis et al., 2008; Pruitt & Oetting, 2009; Pruitt et al., 2011). 

Consequently, the results of this study are relevant to the use of tense and agreement marking 

patterns, rather than marking rate as diagnostic indicators of DLD in Spanish-English bilingual 

children. Finally, the influence of phonology on variable production of English word-final 

grammatical morphology highlights the possibility of further exploration of inflected verb-final 

position as a potential nexus for treatment simultaneously targeting phonological and 

morphological deficits in English. 

In Chapter 5, a case study was presented in which a morphophonologically complex 

structure, /-lps/ in English verbs inflected for third-person singular present tense, was targeted in 

treatment for an English-speaking child with co-occurring PD and DLD. This study was 

motivated by the need to examine the role of linguistic complexity in across-class and across-

domain generalized learning in the relatively prevalent but understudied population of children 

with PD who also demonstrate deficits in other areas of language (i.e., morphosyntax; Paul & 

Shriberg, 1982; Rvachew et al., 2005). Following expectations of language learning and 

complexity theory (e.g., Gierut, 2007), the child in this study demonstrated across-class 

phonological growth in areas of related or lesser complexity than the treatment target. However, 

across-domain generalization to grammatical morphology was not observed. As a case study, 

this work highlighted the need for systematic manipulation of word-final treatment targets to 

determine if greater treatment efficiency can be achieved in the form of cross-domain change 

from treatment with a single morphophonologically complex target. 

In Chapter 6, four Spanish-speaking bilingual children with PD received treatment 

targeting a Spanish consonant cluster (/gɾ/, /bɾ/) or singleton (/l/) to observe the effect of 

treatment, which differed in the structural complexity of the target, on broad phonological 

generalization patterns. Given the notable absence of research comparing targets for 

phonological treatment provided in Spanish, this work sought to improve the equity of treatment 
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for PD by addressing access to intervention in the first language of a bilingual demographic that 

is both large and understudied (Kohnert & Medina, 2009). In this study, children who received 

treatment targeting a complex consonant cluster demonstrated more across-class phonological 

growth attributable to treatment than children who received treatment with a singleton target. 

This study thus extended comparable findings for treatment in English (Gierut, 1999; Gierut & 

Champion, 2001), providing evidence for the efficiency of treatment targeting complex clusters 

in Spanish for children with PD. By observing patterns of across-class phonological 

generalization in a language with considerable phonological differences from English, the 

language that has been almost exclusively examined in this regard (e.g., Gierut, 2015), we also 

gained insight into the limitations of cross-linguistic predictions based exclusively on 

implicational relationships (Watts & Rose, 2020) and the structural complexity of word-initial 

consonant+glide sequences (e.g., /fw/) in Spanish development. An additional finding in this 

study was that phonological variability at baseline may be indicative of readiness for change 

(e.g., Rvachew & Bernhardt, 2010; Smith & Thelen, 2003) and, consequently, the extent to 

which broad phonological generalization may be expected to occur following complexity-based 

treatment. 

Taken together, these studies provided converging evidence for the importance of 

phonological structure in the assessment and treatment of PD, with implications for efficiency 

and equitable access to intervention. Phonological complexity was implicated in the findings of 

all the studies described here, excepting the validation study for AutoPATT. In particular, the 

role of branching syllable structure in consonant clusters was shown to impact explicit marking 

of word-final tense and agreement morphemes in the English productions of typically developing 

Spanish-English bilingual children (Chapter 4). Complex branching clusters have been linked to 

broad, across-class phonological growth when incorporated into treatment targets for PD 

(Gierut, 1999; Gierut & Champion, 2001), and this work extended these findings to a child with a 
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profile of co-occurring phonological and morphosyntactic impairment (Chapter 5) and Spanish-

speaking bilingual children with PD (Chapter 6).  

The work described in this dissertation was primarily exploratory in nature and has also 

generated new directions for continued research in this area. Regarding independent 

phonological assessment tools, the existence of software, like AutoPATT, is unlikely to be 

impactful without a better understanding of how clinicians with diverse caseloads are likely to 

use such a tool successfully. Future work should draw on principles of implementation science, 

which have gained increasing traction in speech-language pathology (Baker et al., 2018; Burns 

et al., 2020; Cunningham & Oram Cardy, 2020; Douglas & Burshnic, 2019; McGill & McLeod, 

2020; McLeod, 2020; Olswang & Prelock, 2015; Sugden et al., 2018; Watts Pappas et al., 

2016), to determine the most effective strategies for clinical implementation of this and other 

tools designed to improve efficiency or provide better access to assessment and treatment. 

The case study and single-case design studies examining generalization outcomes 

following phonological treatment in Chapters 5 and 6 highlighted the considerable variability that 

children may demonstrate in response to this type of complexity-based intervention. This 

variability must be reconciled with the theoretical motivation for this work and the specifics of the 

observed outcomes. As discussed in both studies, implicational relationships attested across 

languages are thought to be the primary linguistic motivation for observed patterns of 

generalization following treatment with a relatively complex structure (e.g., a consonant cluster; 

Gierut, 2007). However, Watts and Rose (2020) highlight the need for caution when ascribing a 

causal or implicational relationship to ostensibly unrelated structures in phonological 

development (e.g., clusters imply affricates) based on typological observations outside of the 

context of acquisition. This is especially problematic when the vast majority of translational work 

examining treatment outcomes based on these implicational predictions (which are derived from 

cross-linguistic data) has only been conducted in English (i.e., not cross-linguistic data). In their 
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study, which examined longitudinal acquisition data for young speakers of French, German, 

English and Portuguese, some, but not all of the implicational relationships that have been 

associated with complexity-based target selection were attested in their cross-linguistic 

acquisition data. Relevant to the work described here, the prediction that consonant clusters 

imply singletons was robustly attested across their data; however, more specific predictions, 

such as clusters imply affricates or liquid onset clusters imply a liquid in the coda, were either 

unattested or found inconsistently. Similarly, in the generalization patterns following treatment 

for the Spanish-speaking bilingual children with PD, outcomes were generally consistent with 

implicational predictions; however, there were also examples of unpredicted growth, notably the 

emergence of branching onset clusters in a child trained with a less complex singleton target. In 

short, this work highlighted that constraints within a child’s phonological system tend to follow 

patterns attested in fully formed languages, but the idiosyncrasies of as-yet-unknown child-

internal factors and a developing phonological system that interacts with and adapts to other 

developing cognitive and motor skills create an ever-changing dynamic system that may not 

always be fully predictable (Smith & Thelen, 2003).  

Consequently, it will be important for future work to critically examine the multiple 

influences on generalization outcomes to better isolate the active ingredients of target selection 

and maximize the efficiency of treatment. It may be the case that the most relevant 

considerations include certain aspects of phonological complexity and child-internal 

phonological knowledge, but these are likely to interact idiosyncratically with each child’s other 

developing systems, such that the optimal treatment target considerations would vary across 

children—and these are not limited only to phonological factors. One avenue to proceed with 

this work is to challenge our existing conceptualizations of linguistically optimal treatment 

targets by continuing to study treatment in the context of languages with phonological structures 

that differ from those that have been studied to date (i.e., English and Spanish). It is through 
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cross-linguistic examination that we are best able to understand phonological phenomenon, and 

this is true for fully formed languages as well as language systems in development—with or 

without impairment.  

As this work continues, it will benefit greatly from a cross-theoretical, transdisciplinary 

approach to better illuminate the linguistic and non-linguistic components that actively contribute 

to efficient treatment for PD, and—crucially—how these components interact with each other. 

Combined with outcome data from phonological interventions conducted in a wider variety of 

languages and a greater diversity of impairment profiles, we can seek to better understand the 

nuances of assessment and treatment for PD as it occurs in the diverse array of children who 

would stand to benefit from this work. Thus, we have in front of us a feasible pathway to 

advance clinical service provision for PD that is more efficient, and a more equitable approach 

to this research will not only improve the accessibility of treatment but also provide a better 

cross-linguistic lens through which we can better understand phonological impairments and how 

best to mitigate their impact. 
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