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EPIGRAPH

My humanity is bound up in yours, for we can only be human together.

— Desmond Tutu
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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,

XXi



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.
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CHAPTER 1:

Introduction



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



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 /baet/ 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 /beet/ 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, /beet/ “bat” becomes /paet/ “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 !X40) is one



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



functional and organic speech impairments, has perhaps the longest history in the profession.
So called “speech doctors” or “speech correctionists” emerged in the late 19" 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 20" 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



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.q., /p/, /k/, Is/, /Il) 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.qg.,



stridency), or phoneme contrasts (e.g., /s/ vs. /8/) 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 a 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)



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



(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, /1/, or complex cluster, /fi/. 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.



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

10



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 / 4/ in /fi-/). 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.

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

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
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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 & Gomez, 2018; Plante et al., 2014),

14



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 (/4/, /8/, or /s/) demonstrated greater generalized learning of non-treated
sounds across manner classes than those trained with an earlier-developing sound (/k/, /g/, or
[fl). 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.
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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 Analise Fonolégica
Automatica [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-Fonoldgico—Avaliagdo da Linguagem Pré-Escolar [Phonological
Testing—Pre-School Language Assessment] (Mendes et al., 2009) or the Teste de Articulagéo
Verbal [Verbal Articulation Test] (Guimaraes 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 Project’
(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

' 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;
Pl: 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 /I/) in their phonemic inventories (Gierut &
Champion, 2001)

(2) determining if any two-element consonant clusters (e.g. /f1-/) 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. /6/) 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.

Auto-Manual Cohen's Scott's
Analysis n % Agreement SE Kappa SE 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.
AutoPATT % Cohen's Scott's
Analysis n Correct SE Kappa SE 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.

Manual % Cohen's Scott's
Analysis n Correct SE Kappa SE 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. [ts], [Bw]) or segments and clusters with diacritic markers
(e.g. [b], [dew]). 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, [dd] 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. [cﬁ]). 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
Errored Errored Errored
Error Source Item Error Source ltem Error Source ltem
manual omission dz manual addition r manual addition ?
manual omission B manual omission wH manual omission dew
manual omission n: manual omission d3 manual omission bew
manual addition ts manual omission b manual omission fw
manual omission d manual omission p manual omission swW
manual omission o] manual omission z manual omission bw
manual omission dz manual omission t manual omission dw!
manual omission I manual omission m manual addition Kj
manual omission f manual omission h manual omission Bw
manual omission 5 manual omission p] manual omission agw
manual addition dz manual omission k manual omission dw
manual omission de manual omission w manual addition tw
manual addition b manual omission g manual addition dw
manual addition o} manual omission b manual addition on
manual addition f manual omission s manual omission n
manual omission d manual addition b AutoPATT addition dod
manual omission nt manual omission d AutoPATT addition to
manual omission r manual omission z
manual omission £t manual omission |
manual omission t manual omission ?
manual omission ? manual omission ]
AutoPATT omission do manual addition v
manual omission s
manual omission ]
manual omission dz
manual omission ff
manual omission r
manual omission j
manual omission dz
manual omission b!
manual omission t
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, [st-],
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 [st-] 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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functional phonological units in a language. This technique has been Revised 11 February 2019
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children with phonological disorder, providing a qualitative analysis KEYWORDS

of a given child’s phonological system that is useful for assessment, Phonology; phonological
treatment, and progress monitoring. In this study, we examine the disorder; assessment;
single-word productions of 275 children with phonological disorder phonemic inventory;
from the Learnability Project (Gierut, 2015b) to confirm the relation- accuracy

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.

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). The methodology 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’ /kai/ and ‘tar’ /tay/ 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’), [p"] (e.g., [prat]
‘pot’), or [p’] (e.g. [stap’] ‘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, and Morrisette (2011). In
their example, a child uses the consonant /8/ phonemically to contrast words, yet this same child
never uses /0/ accurately due to a chain-shift substitution pattern, such that [6] is produced
exclusively as a substitution for /s/ (i.e. dentalisation), and every instance of target /6/ is produced
as [f] (i.e. labialisation). These patterns result in productions, such as [fam] for ‘thumb’ and
[0am] for ‘some’, which serve as a minimal pair for both /f/ and /0/. Consequently, /6/ 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 /0/. 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).!

'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, DCO01694; 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 [1]. Some diacritic symbols in the original data,
such as ["B], were not available as characters in Phon. In these instances, the symbol was
changed to a similar diacritic (e.g. [*]) and appended with i] (eg. [deIAB] became [delbs]) 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 primary measures were derived for each of 23 American English consonants (excluding /3/
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. /w*/ or /?/)
were also used contrastively; however, only the phonemic status of ambient phonemes was
recorded because the corresponding accuracy measure 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 [s]
for target /s/ was considered correct; however, phonemic substitution, such as [{] for target /6/,
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 /3/, 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 x Child Age (p < 0.01) and Consonant Accuracy x 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 cutoft to classify the phoneme status of
23 English consonants was quantified with ROC curve analysis, using several paradigms
to determine the optimum cutoft 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.

72



By child age By consonant age of acquisition

—— Age 3;0 — Age 6;0 —— Early —— Middle — Late
1.0 T T 1.0 [T SN TN |
z 08 > 08+
L L
[=4 [=
[ [
g o6 g
o o 067
£ £
[ [
c f=
S 04 2 04
Q Q
£ £
O o
0.2 0.2 1
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
Phoneme accuracy Phoneme accuracy

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 x 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.

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

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.
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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 095 083 090 091 087 089 085 089 087 079 091 084
GFTA 090 080 086 086 083 085 081 088 084 073 092 080

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.

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
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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 (/f; s, 6, 9, 1, z, 1/) than for norma-
tively middle-acquired (/t, n, k, g, f, v, f; d3/) 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 cutoft 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 accuracy measures improves, clinicians may
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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Purpose: The emergence of tense-morpheme marking
during language acquisition is highly variable, which
confounds the use of tense marking as a diagnostic
indicator of language impairment in linguistically diverse
populations. In this study, we seek to better understand
tense-marking patterns in young bilingual children by
comparing phonological influences on marking of 2 word-
final tense morphemes.

Method: In spontaneous connected speech samples from

10 Spanish—English dual language learners aged 56—-66 months
(M =61.7, SD = 3.4), we examined marking rates of past tense
-ed and third person singular -s morphemes in different

Results: Both morphemes were found to exhibit
notably contrastive marking patterns in some contexts.
Each was most sensitive to a different combination of
phonological influences in the verb stem and the following
word.

Conclusions: These findings extend existing evidence
from monolingual speakers for the influence of word-
final phonological context on morpheme production to
a bilingual population. Further, novel findings not yet
attested in previous research support an expanded
consideration of phonological context in clinical
decision making and future research related to word-
final morphology.

environments, using multiple measures of phonological context.
hildren’s acquisition of grammatical morphemes
can be characterized as an initial absence of the

C morpheme that is followed by a period of incon-
sistent use, during which the morpheme is considered to be
emerging. Mastery of the morpheme occurs once the mor-
pheme is used correctly and consistently, with common
benchmarks for achievement of mastery falling between
80% and 95% accuracy (e.g., Brown, 1973). Children with
typical development from all linguistic backgrounds can be
expected to move reliably from absence to mastery; how-
ever, the mechanisms underlying this trajectory are not
well understood.

This study is concerned with the emerging stage of
morpheme acquisition. Because this stage is highly variable
and can appear differently across populations, including in

children with language impairment (LI; e.g., Gutiérrez-
Clellen, Simon-Cereijido, & Wagner, 2008; Paradis, 2005;
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Paradis & Crago, 2000; Rice, Tomblin, Hoffman, Richman,
& Marquis, 2004), there is considerable motivation to
understand the factors that affect morpheme production
during this period. Understanding patterns of influence in
different population groups is of scientific interest because
it contributes to the growing body of typological evidence
for factors that interact with morpheme production. Further,
influences on morpheme production are of clinical interest
for their diagnostic potential, particularly in differentiating
nonclinical language differences, such as characteristics of
a nonmainstream dialect or multilingual speaker, from a
language disorder (Paradis, 2005).

Word-Final Tense Morphology in Linguistically
Diverse Populations

In English, regular tense marking is mostly restricted
to two suffixes that attach to the right edge of the verb
stem (i.e., word-final morphemes): past tense (PT; e.g., -ed
in walked) and third person singular present tense (3s; e.g.,
-s in plays). In particular, children with LI demonstrate
distinct error patterns and protracted emergence of PT
and 3s morphemes, resulting in an extended period of
lower marking rates when compared with age- or language-
matched peers (for an overview, see Leonard, 2014). Children’s

Disclosure: The authors have declared that no competing interests existed at the time
of publication.



productive use of tense morphology, such as PT and 3s, has
therefore emerged as a particularly salient indicator of LI
in monolingual English speakers (e.g., Bedore & Leonard,
1998; Rice & Wexler, 1996).

Although the diagnostic value of tense marking has
been established for monolingual English speakers, the
validity of its use among bilingual speakers, particularly
young dual language learners (DLLs), has been called
into question. These DLLs are developing two languages
at potentially incongruous stages of linguistic development.
This is particularly true for sequentially bilingual children
exposed first to their native language and later to a second
language (for further discussion of this terminology, see
Barlow & Enriquez, 2007; Hammer, Miccio, & Rodriguez,
2004). When the later-acquired second language is English,
performance on measures of English is highly variable
across individuals and may be lower than that of their same-
age monolingual peers (Iglesias & Rojas, 2012).

This performance variability also extends to tense-
morpheme marking, which is especially relevant in that
several studies have shown tense-morpheme marking rates
among bilingual DLLs without LI to be similar to or even
lower than rates for age-matched monolingual speakers
with LI (e.g., Gutiérrez-Clellen et al., 2008; Paradis &
Crago, 2000; Paradis, Rice, Crago, & Marquis, 2008).
However, this potentially confounding overlap has been
identified as a result of comparing bilingual groups to mono-
lingual speakers with LI (i.e., across linguistic populations).
When compared within a bilingual group matched by
dual-language profile, tense-morpheme use has been shown
to differentiate children with and without LI (Blom &
Paradis, 2013; Gutiérrez-Clellen et al., 2008; Jacobson &
Schwartz, 2005).

In short, comparing morpheme marking rates across
monolingual and bilingual populations can result in under-
or overidentification of LI (Paradis, 2005). However, the
feasibility of using tense-morpheme marking to identify
LI within bilingual and monolingual groups suggests that
tense morphology is related to LI in both, and identification
of LI using morpheme-marking differences is still plausible,
even within linguistically diverse populations. Though
comparison of tense-morpheme use across linguistic groups
is currently problematic, this may be due to the broad lens
with which we have so far examined morpheme marking
rates. It could be that examining other linguistic influences
on morpheme marking would allow us to identify patterns in
LI groups that are sufficiently robust to identify LI not only
within but also across linguistically diverse populations.

Influences on Tense-Morpheme Production

In order to make use of the differentiating power of
tense-morpheme marking in other populations, such as
DLLs, a more complete understanding of the factors that
affect marking of these morphemes is needed. Morpheme
production, as with other areas of language, does not exist
in isolation from other influences. To date, multiple factors
related to the context in which the morpheme occurs have
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been shown to influence emerging PT and 3s marking
rates. These include nonlinguistic influences, such as task
type (Barlow, Pruitt-Lord, & Combiths, 2015; Oetting

et al., 2012); supralexical linguistic influences, such as utter-
ance position (Barlow & Pruitt-Lord, 2014; Dalal & Loeb,
2005; Song, Sundara, & Demuth, 2009; Sundara, Demuth,
& Kuhl, 2011); and lexical influences, such as the frequency
with which verbs are inflected for tense marking (Blom &
Paradis, 2013; Blom, Paradis, & Duncan, 2012; Marchman,
1997; Marchman, Wulfeck, & Weismer, 1999; Oetting &
Horohov, 1997).

In this study, we explored sublexical influences on
morpheme production, particularly the influence of phono-
logical context. There is precedent for the influence of
phonology—particularly of the preceding segment in the
verb stem—on morpheme marking in acquisition and dialect
patterns. Phonological context has been shown to affect
regular PT and 3s marking rates across studies of groups
both with and without impairment, spanning linguistic
populations and task types (e.g., Barlow & Pruitt-Lord,
2014; Johnson & Morris, 2007). However, indices used to
measure phonological-context effects have been inconsis-
tent, and findings even appear contradictory in some cases.
See Table 1 for a summary of previous findings, which will
be discussed later.

PT Marking and Word-Final Phonological Context

In terms of PT marking, consideration of phonological
context has mostly been localized to the end of the root
verb, particularly the root-final segment, which immediately
precedes the morpheme segment (e.g., the root-final segment
Ip/ in drop immediately precedes [-t] in dropped). Initial stud-
ies of the influence of phonological context on morpheme
marking rates directly examined the influence of preceding
phonological contexts that result in either monosegmental
or syllabic allomorphs (i.e., [-t] or [-d], as in popped papt/
or filled /f1ld/, vs. syllabic [-1d], as in started /staxtid/), con-
verging in their findings that PT is marked more frequently
in contexts that elicit the monosegmental allomorph than
those that elicit the syllabic form (Berko, 1958; Blom &
Paradis, 2013; Marchman, 1997; Marchman et al., 1999).

Sequential complexity. The heterogeneity with which
phonological context has been operationalized in previous
research complicates a cohesive discussion of previous
findings. In the interest of a unified discussion of phono-
logical context, we appeal to the construct of phonological
complexity, which provides a useful framework for contex-
tualizing various aspects of phonology. The relative simplic-
ity or complexity of a phonological unit or sequence is
based on many factors, including universal preferences for
certain structures across the world’s languages (Jakobson,
1968), order of acquisition in languages that contain these
structures, and simplification patterns in developing or
disordered speech (Barlow & Gierut, 1999; Hawkins, 1987).
For instance, the sequential arrangement of speech sound
types contributes to the relative complexity of a word or
phrase. To be specific, adjacent consonants, also known as
consonant clusters (CC or CCC), are more complex (i.e.,



Table 1. Abbreviated findings for word-final phonological-context effects on regular marking of past tense and third person singular.

Linguistic Phonological
Study LI/TD population context Task Observed effect®
Past tense
Berko (1958) TD MAE Allomorphic Elicitation Segmental > syllabic
Oetting & Horohov (1997) Both MAE Son vs. obs Elicitation Son > obs
Marchman (1997) TD MAE Allomorphic/probability Elicitation Segmental > syllabic/high >
low prob
Marchman et al. (1999) Both MAE Allomorphic Elicitation Segmental > syllabic
Johnson & Morris (2007) Both MAE Son vs. obs Imitation Son > obs
Marshall & van der Lely (2007) LI MAE Complex vs. simple coda Elicitation Simple > complex
Leonard et al. (2007) Both MAE Probability Elicitation High > low prob (LI only)
Stemberger (2007) TD MAE Probability LS High > low prob
Pruitt & Oetting (2009) TD AAE Cvs.V Elicitation V>C
Blom & Paradis (2013) Both MAE/bilingual Allomorphic Elicitation Segmental > syllabic
Riches (2015) TD MAE Sonority slope Imitation Falling > level
Owen Van Horne & Both MAE Son vs. obs/alveo Elicitation Son > obs/nonalveo > alveo
Green Fager (2015)
Third person singular
Song et al. (2009) TD MAE Cvs.V LS V>C
Blom et al. (2012) TD Bilingual Allomorphic LS [-z] > [-s] > syllabic
Barlow & Pruitt-Lord (2014) TD MAE/AAE C vs. V/son vs. obs LS C > V/son > obs (MAE only)

Note.

Only significant findings (p < .05) for regular forms are listed; LI = group with language impairment; TD = group with typical development;

MAE = (mainstream) monolingual American English; Allomorphic = syllabic form versus monosegmental form; Son vs. obs = sonorant versus
obstruent; Probability (prob) = phonotactic probability/frequency; LS = language sample; AAE = African American English; C vs. V = consonant

versus vowel; Alveo = alveolar versus nonalveolar place of articulation.
#Context of higher marking rate > context of lower marking rate.

less frequent across languages or more difficult to acquire or
produce) than vowel-consonant sequences (VC or VCVC;
e.g., Greenberg, 1978).

In the case of monosegmental PT or 3s inflection,
marking of the morpheme will always result in the addition
of a consonant to the word-final sequence. When the verb
root ends with a consonant, this creates a word-final con-
sonant cluster (e.g., step /step/ — /stept/) and, therefore,
a more complex sequence than when the verb root ends
with a vowel, which creates a final VC sequence (e.g., fIy
/flay/ — /flaiz/). Thus, in terms of sequential complexity, we
would expect higher morpheme marking rates when pre-
ceded by a vowel (less complex) than when preceded by a
consonant (more complex). In fact, PT marking has been
found in previous studies to be higher in preceding-vowel
contexts (Marshall & van der Lely, 2007; Pruitt & Oetting,
2009).

Structural complexity. Sequential phonological con-
text alone does not fully capture phonological structure. We
must also consider the syllable, a hierarchical arrangement
that organizes sequential speech segments into naturally
parsable groups (e.g., Blevins, 1995; Zec, 2007). Syllable
structure is often illustrated using a schematic known as
a syllable tree, shown in the first row of Figure 1. For our
purposes, it is most important to note that each syllable
contains a nucleus, which is usually a vowel, and that most
consonants occupy positions outside of the nucleus. Conso-
nants generally occur in the onset if at the front (e.g., /m/ in
met) and the coda if at the end (e.g., /t/ in met) of the syllable.
Consonant clusters within any part of the syllable create
branches in the syllable structure, which are considered
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more complex. Thus, in order of increasing complexity,
me < met < melt, as shown in Figures 1A-1C.

There are of course exceptions to the prototypical
arrangement of syllable structure, with one notable example
being word-final consonants that may exist outside of the
syllable in the appendix position, as shown in Figure 1D.
What is especially relevant for the morphophonologically
inclined is that the appendix position has been, at least in
part, proposed in explanation of the peculiar behavior
of English word-final morphemes within syllables (e.g.,
Borowsky, 1989; Goldsmith, 2011; Nathan, 2008; Selkirk,
1982). The complexity of the appendix structure is not yet
clear. Though three adjacent word-final consonants are
sequentially complex, how and if the appendix segment
contributes to syllable-structure complexity still merits inves-
tigation. Despite these questions, syllable structure is likely
an aspect of phonological complexity at play in the forma-
tion of words and phrases (e.g., Zec, 2007). In particular, the
exceptional nature of word-final morphemes, whatever
position they may occupy, suggests that these segments
might interact with the preceding syllable structure in ways
that might differ from final phonemes that are not mor-
phemes. Thus, the findings for PT by Pruitt and Oetting
(2009) and Marshall and van der Lely (2007) can also
be attributed to syllable-structure complexity, because
a word-final VC sequence denotes a simple coda (as in
Figure 1B) and a word-final CC sequence likely requires
a complex, branching coda (as in Figure 1C) or an appen-
dix (as in Figure 1D).

Transitional complexity. Phonological complexity also
extends to sonority transitions within a syllable. Sonority



Figure 1. Syllable structure (A-D), sonority distance (E-G), and resyllabification (H-I) in contexts of varied word-final complexity.

= / ;
=
@ onset nucleus onset nucleus  coda onset nucleus  coda onset nucleus  coda  appendix
‘ | | P |
m i m e ! m € [ m e 1ot S
E F G
feels popped sits
=
2
=4
%]
f i | i p a P t s 1 t s
H I
g tiedup  gyllable syllable meits it syllable syllable
w
2
L ar w T n P [a] c 't . L5 e S 1 8

refers to the relative acoustic energy of a sound segment,
often arranged in a hierarchy that ranks each phoneme in a
given language from most to least sonorous: vowel > glide >
liquid > nasal > voiced fricative > voiceless fricative > voiced
stop > voiceless stop (Clements, 1990). Sonority and the dif-
ference in sonority rank between adjacent segments have
been shown to play an important role in syllable organiza-
tion and reduction patterns during language acquisition
(for a review, see Barlow, 2016). This is due in large part

to a cross-linguistic preference for syllables that transition
from a low-sonority initial segment to a high-sonority
nucleus (an upward sonority slope) and end with a segment
that either falls in sonority or remains level (sonority sequenc-
ing principle; Clements, 1990). This preferred configuration
of sonority slopes is thus considered less complex, whereas
sonority transitions that do not adhere to this pattern within
a syllable are considered more complex.

The second row in Figure 1 illustrates sonority tran-
sitions at the end of a syllable. Feels /filz/ demonstrates a
falling sonority slope, and popped /papt/ presents a level
word-final slope. Both demonstrate preferred sonority con-
figurations. Word-final morphemes are known to deviate
from the preferred form in that they can form an upward
sonority slope when a level or falling slope would be expected
according to the sonority sequencing principle, as shown
in Figure 1G. In sits, the sonority transition from the pen-
ultimate segment /t/ to the morpheme segment [-s] creates
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an upward word-final sonority slope. This violation of
syllable-internal transitional properties is also cited as evi-
dence in support of the syllable-external appendix status of
English word-final morphemes (Clements, 1990; Fujimura
& Lovins, 1978; Halle & Vergnaud, 1980). A number of
studies have examined PT marking according to sonority-
based influences, consistently identifying marking rates
that increase in the context of falling sonority slopes, and
therefore phonologically simpler environments (Johnson &
Morris, 2007; Oetting & Horohov, 1997; Owen Van Horne
& Green Fager, 2015; Riches, 2015).

Probabilities and frequencies. More recent studies
have used measures of probability or frequency to describe
phonological context, examining the influence of neigh-
borhood density, inflectional frequency, and phonotactic
probability on PT marking rate (Leonard, Davis, & Deevy,
2007; Marchman, 1997; Stemberger, 2007). Unlike the
aspects of phonological context discussed thus far, these
measures all relate to the frequency with which all or part of
the tense-inflected verb occurs in speech. In brief, neighbor-
hood density is a measure of the frequency of words that
have a similar form, inflectional frequency refers to the
number of occurrences of the inflected form of a given verb,
and phonotactic probability is derived from the frequency of
occurrence of sounds or sequences in a given word position.
In these studies examining PT marking, these different
measures were used to capture the frequency of occurrence



of the inflected form in some fashion. The findings are sim-
ilar in that they demonstrate higher PT marking rates

in more phonotactically probable or frequently inflected
contexts. These results on the basis of probability and
frequency also suggest that PT is marked more frequently
in less phonologically complex environments, given that
more frequently occurring or probable contexts might
also be considered less complex.

3s Marking and Expansion of Phonological Context

Whereas word-final phonological complexity has
shown a relatively consistent pattern of influence on PT
marking rates across studies, the few existing studies exam-
ining 3s marking and phonological context appear to
present conflicting results. Blom et al. (2012) found that
bilingual children marked monosegmental [-z] allomorphs
more often than [-s], and both more than syllabic [-1z]
forms—a finding suggestive of the influence of preceding
context. In a more direct examination of preceding phono-
logical context in mainstream monolingual English-speaking
children, Song et al. (2009) identified higher 3s marking
rates in preceding-vowel contexts. On the converse, Barlow
and Pruitt-Lord (2014) examined a cross-section from the
same corpus used in the longitudinal study of Song et al.
and found 3s marking rates to be lower in preceding-vowel
contexts. These later findings are unexpected, not only
because they differ from a study sampling the same popu-
lation, but also because they appear contrary to patterns
that are expected on the basis of word-final phonological
complexity.

Barlow and Pruitt-Lord suggested that differences in
control of following context may have contributed to their
results that differed from those of Song et al. To date, few
studies have examined the effect of the following phono-
logical context on morpheme production (tense or other-
wise), even though many have appealed to complexity
in syllable structure (e.g., Marshall & van der Lely, 2007;
Polite, 2011; Riches, 2015; Song et al., 2009). Excepting
utterance-final (UF) productions, we can expect—given
resyllabification processes that occur during production of
connected speech (Cholin, Schiller, & Levelt, 2004; W. J.
M. Levelt, Roelofs, & Meyer, 1999)—that syllable forma-
tion will occur across word boundaries in some instances,
such as when the preceding word ends with a consonant
(as is the case with an inflected regular verb) and the follow-
ing word begins with a vowel. This tendency, motivated
by a universal preference for simple syllables that begin with
a consonant and a preference against branching rhymes
with a coda (e.g., Barlow & Gierut, 1999), is sometimes
referred to as the onset maximization principle (e.g., Selkirk,
1981). For example, it is argued that this principle motivates
the occurrence of allomorphy for the a/an definite article
in English. However, this process does not apply equally
across languages (Cholin et al., 2004). For instance, this
principle is considered highly robust in Spanish (e.g., pro-
duction of las alas /las alas/, “the wings,” as [la.salas]),
perhaps more so than in English (Colina, 2009; Martinez-
Gil, 2000).
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The third row in Figure 1 illustrates two examples of
following-vowel environments where such resyllabification
might occur with PT and 3s morphemes. For simplicity, the
PT and 3s morphemes are both presented in the appendix
position. Note, however, that evidence for this position is
more robust in the presence of an already-complex coda,
as in Figure 11, than in Figure 1H, where the PT morpheme
[-d] could also legally occupy a coda position (Selkirk,
1982). Despite disagreement as to whether and how such
resyllabification occurs in connected speech’ (e.g., Jensen,
2000; Szigetvari, 2001), it is reasonable to also consider the
following phonological environment, because the morpheme
segment may be produced in the onset of the following syl-
lable in some cases.

Some studies have examined the role of following
phonological context on morpheme marking rate (plural -s:
Barlow & Pruitt-Lord, 2014; Polite, 2011; 3s: Barlow &
Pruitt-Lord, 2014). These studies failed to identify an effect
of following context (consonant vs. vowel) for plural -s;
however, in comparing 3s and plural -s marking rates, the
effect of a following vowel was shown to be contrastive. To
be specific, 3s marking rate increased when followed by a
vowel, yet plural -s marking rate decreased in the same con-
text (Barlow & Pruitt-Lord, 2014), suggesting that the influ-
ence of following context might differ for 3s and plural -s.
It is curious that no published studies of following context
are available for PT. Nevertheless, given that PT is also
likely subject to resyllabification processes, it would be appro-
priate to expand examination of its phonological context
to the following environment as well. In addition, given
differences in the influence of following context for 3s and
plural -s morphemes, examination of following context
might reveal differences or similarities between PT and 3s
marking patterns.

The Current Study

An overview of the existing research pertaining to the
influence of phonological context on tense-marking rates
generates questions about differing sensitivity to phonological
context across morphemes and populations and the role
of resyllabification and following context. In the interest
of addressing some of these gaps and questions in an explor-
atory fashion, we examine phonological influences on both
PT and 3s morphemes that include multiple aspects of
word-final phonology in naturalistic connected speech
samples. We also expand the scope of context to examine
phonological influences that might interact with the follow-
ing word. Further, we contribute to the emerging typol-
ogy of morphophonological interactions in tense marking
by examining these effects in a population of young Spanish—
English DLLs.

"For instance, Kahn (1976) provides phonetic evidence from the
realization of /t/ allophones for the occurrence of ambisyllabic consonants
(i.e., those which straddle two syllables) in lieu of resyllabification in
some contexts (for a discussion, see Treiman & Zukowski, 1990).



We seek to answer the following questions:

1. Do aspects of phonological context affect the marking
rate of PT and 3s morphemes in Spanish—English
DLLs with typical development?

2. Does syllable constituency or resyllabification across
the word boundary contribute to the influence of
phonological context?

3. Which measure or combination of measures of
phonological context best predicts morpheme marking
rates?

4. Beyond marking rate alone, do the influences of
phonological context differ for PT and 3s morpheme
productions? Further, are these differences attributable
to the phonological form of these morphemes?

On the basis of existing research in other populations,
we predict that, across measures, phonological context will
affect marking rates for both morphemes. Further, given
consistent findings for PT word-final influences, we expect
this effect to follow patterns that are based on phonological
complexity (i.e., higher marking in less complex contexts),
at least for PT. Given inconsistent findings for the 3s mor-
pheme in prior studies, we expect that phonological context
will affect PT and 3s morpheme productions differently.
And last, we expect resyllabification and following con-
text to affect marking rate, given the notable influence of
resyllabification processes in Spanish, the first language of
our sampled population.

Method
Participants

Ten Spanish—English bilingual children, aged 56—
66 months (M = 61.7, SD = 3.4) and enrolled in a Southern
California public preschool, participated in this study as
part of a larger community-based intervention project. All
participants accessed the same curriculum in one of two
classrooms where a teacher, a teacher’s aide, and at least
one speech-language pathology student volunteer were
present 5 days a week.

Participants were all identified as Spanish—English
DLLs with typical development by their caregivers. In writ-
ten questionnaires, caregivers described their own education
level and language use at home. Maternal and paternal
education did not exceed a high school diploma. All children
were described by caregivers as native speakers of Spanish,
and language use at home was further described as percent
spoken (output) and percent heard (input) in Spanish and
English (e.g., Fabiano-Smith & Goldstein, 2010). At the time
of this study, all participants had Spanish input and output
at least 30% and 45% of the time at home, respectively
(Pearson, Fernandez, Lewedeg, & Oller, 1997). Enrollment
in an English-language preschool program denoted consis-
tent English exposure for at least one academic year. Thus,
the children in this study present with the profile of a sequen-
tial bilingual child (e.g., Hammer et al., 2004), with immersion
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in their first language, Spanish, from birth and immersion
in their second language, English, occurring later in school
(starting at age 3—4 years). At this stage, both languages are
in development, hence the children’s DLL status. However,
their second language, English, is in a particularly early
stage of development that is highly variable across individ-
uals (Iglesias & Rojas, 2012). Though mastery of PT and 3s
morphemes is common in monolingual English learners
with typical development by age 4-5 years (Brown, 1973),
marking rates for these morphemes in same-age sequential
bilingual children are much more variable—ranging any-
where from complete absence to mastery—as attested across
studies of young bilingual children (e.g., Bland-Stewart &
Fitzgerald, 2001; Gutiérrez-Clellen et al., 2008; Marinis &
Chondrogianni, 2010; Padilla, 1978).

Caregivers, with teacher support, also completed the
Ages and Stages Questionnaire (Squires & Bricker, 2009)
as an indicator of each child’s overall development. All
scores on this measure exceeded the cutoff for typical devel-
opment. All children demonstrated nonverbal IQ within
the normal range on the Figure Ground and Form Com-
pletion subtests of the Leiter International Performance
Scale-Revised (Roid & Miller, 1997). In addition, teachers
and the lead certified speech-language pathologist working
on a community-based intervention in the classrooms identi-
fied these children as developing language typically. Thus,
in addition to standardized measures of development, typi-
cal language development was determined by reports from
caregiver, teacher, and speech-language pathologist, which
have been shown to provide reliable measures of language
development in bilingual populations, for whom norms
of many standardized language assessments are inappropri-
ate (Gutiérrez-Clellen & Kreiter, 2003; Paradis, Emmerzael,
& Duncan, 2010).

Caregiver questionnaires and nonverbal-intelligence
measures were administered at the beginning of the school
year, and language samples were collected at the end of
the same school year. Standardized testing and language
sampling were conducted by speech-language pathology
graduate students as part of the larger community-based
intervention project.

Procedure

Language-Sample Measures

Spontaneous language samples were the sole source
of grammatical-morpheme production measurements in
this study. Samples were collected for all children following
a play-based elicitation protocol. This protocol included
conversation and play with people figures, a gas station,
cars, a doll family, toy food, and a picnic set, followed by
story retell using three Apricot pictures (Arwood, 1985).
Though obligatory 3s and PT contexts occurred throughout
the samples, 3s occurred most frequently during the play
portion and PT most frequently during story retell. Lan-
guage samples from 10 participants were orthographically
transcribed and analyzed for broad language measures using
the Systematic Analysis of Language Transcripts (SALT)



software and guidelines (Miller & Iglesias, 2004) as part of
the larger community intervention project. Average sample
length was 15 min., for a total of 1,993 complete and intel-
ligible utterances (M = 199.3, SD = 84.48). Mean length of
utterance in morphemes was 3.61 (SD = 0.41).

Phonological Transcription

A protocol for phonemic transcription and coding of
word-final grammatical-morpheme production was devel-
oped using Phon (Rose & Hedlund, 2016), a free and open-
source software for phonological transcription and analysis.
All child-produced utterances were transcribed in their
entirety for each language sample in the International Pho-
netic Alphabet (IPA) using broad phonemic transcription.
Target forms were also transcribed to reflect the correct,
adultlike form of each utterance. For the purposes of this
study, the target form was transcribed to match the child’s
production except for any errors in the child’s production.
In other words, the target transcription reflected acceptable
idiosyncratic speech variation and dialectal influences, such
as flapping of intervocalic alveolar stops, substitution of
tense vowels for diphthongs, and dental production of alve-
olar obstruents.

Utterances were segmented such that any pause in
connected speech, as determined by auditory perception
and visual interpretation of the waveform and spectrogram,
indicated the start of a new utterance. This operationaliza-
tion of utterance boundaries is phonetic rather than syntactic
in nature and is paramount to our analyses of connected
speech. For example, he melts it /hi melts 1t/ would be tran-
scribed as a single utterance only if there were no pauses
between all three words. Given connected speech (Cholin
et al., 2004; W. J. M. Levelt et al., 1999) and onset maximi-
zation principles (Clements, 1990; Selkirk, 1981; Zec, 2007),
resyllabification could occur across word boundaries in
this instance, as shown in Figure 1.

Morpheme Marking

During the transcription process, each utterance was
also coded for PT and 3s morphemes in an additional tier
within Phon. In this study, only monosegmental regular
forms of these morphemes were analyzed (i.e., [-s, -z, -t, -d]),
because the VC structure of [-1d, -1z] allomorphs adds an
additional syllable to any word to which they are suffixed.
Irregular forms were similarly excluded, because they can
vary greatly in terms of which phoneme segments differ be-
tween the inflected and bare forms (e.g., go — went, be — is).

PT and 3s morphemes were coded at each obligatory
context, irrespective of the child’s production of the mor-
pheme. In other words, transcriptions were initially coded
only for the presence of obligatory contexts of PT and 3s
morphemes. From these transcriptions, an obligatory context
was considered marked if the morpheme was identifiable
in the child’s production. Thus, there are contexts in which
a child’s errant or idiosyncratic production may be coded
as marked (see Table 2 for examples). For instance, in one
child’s production of he needs to drink, the inflected verb
was produced as [nis]. Though the final consonant of the
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verb stem was deleted, and the morpheme segment itself
was devoiced, the morpheme segment was still phonologi-
cally present; thus, this token was coded as marked. In
these samples, distortions of the morpheme segment were
limited to devoicing or dentalization. On the converse,
any obligatory context in which no morpheme segment
was identified in the child’s production was considered
unmarked. Other morpheme-production error types, such
as commission or overregularization, were not included in
the analyses.

Phonemic transcription and morpheme coding were
completed independently of the aforementioned SALT
transcriptions by a separate group of graduate and upper-
division undergraduate research assistants. Each phonemic
transcriber demonstrated consistent and reliable transcrip-
tion of child speech and identification of word-final mor-
phemes before beginning the project. Transcribers were
also trained in the use of Phon, interpretation of spectro-
grams and waveforms, and allophonic patterns of English
and Spanish. Transcribers used both auditory interpreta-
tion of the child’s speech and visual interpretation of spec-
trograms and waveforms to guide their transcriptions.
Each language sample was transcribed and coded twice
by separate transcribers, unaware of each other’s coding
and transcriptions. Reliability was calculated for 56% of
the obligatory marking contexts. Each context included
the bare verb stem, the final morpheme segment, and the
following word (excepting UF forms). Reliability for IPA
transcription of the child productions was 91%; reliability
for identification of obligatory 3s and PT contexts was
99%; and reliability for transcription of the PT or 3s mor-
pheme segment (i.e., marked versus unmarked tokens)
was 88%. Disagreements were resolved by consensus after
both transcriptions were complete. When consensus could
not be reached due to noise or poor intelligibility, the
item was marked as unintelligible and excluded from the
analyses.

Phonological Predictor Variables

In order to examine multiple aspects of phonological
context, including those which might extend across the
word boundary, we used four different measures of phono-
logical context: one measure of surrounding sequential
complexity, two measures specific to preceding (i.e., word-
final) phonological context, and one probabilistic measure
of morpheme resyllabification into the following word.
Using multiple measures of phonological context allowed
for better comparison to the results of previous research,
given the variability of measures used in those studies (see
Table 1), and exploration of the phonological influences
beyond preceding context. Furthermore, analyses of multi-
ple measures allowed for comparison of their power to
predict morpheme marking.

Number of surrounding consonants. This is the broad-
est measure, incorporating both preceding and following
phonological contexts. This integer variable is a discrete
count of the consonants in the coda of the verb stem and
the consonants in the onset of the following word. For



Table 2. Contextual examples of past tense and third person singular tokens coded as marked or unmarked.

International Phonetic

Orthography Alphabet (IPA) target IPA actual Target - actual Marked
He needs to go /hi nidz tu gov/ [hi nid tu gov] /z/ > @ No
They dropped all the /d€t duapt al da/ [dzo diap al 89] /d/ - @ No
He needs to drink /hi nidz tu diuznk/ [hi nis tu dink] /dz/ — [s] Yes
Daddy comes to the /deedi kamz tu 6a/ [deedi kams tu 89] /z/ ~ [s] Yes
| fixed it /at fikst 1t/ [aT fikst 1t] 1t/ - [t] Yes

example, in jumps by /dzamps bay/, the final morpheme [-s]
is surrounded by three consonants: preceding /m/ and /p/
and following /b/. Because sequences of adjacent consonants
are more sequentially complex than fewer consonants or
alternating VC sequences, this measure is indicative of sur-
rounding sequential complexity.

Preceding consonant or vowel (C/V) context. Preced-
ing C/V context labels the final segment of the verb stem
(i.e., the preceding segment) as a consonant or vowel. For
example, in jumped off /d3ampt af/, the preceding segment is
Ip/, and thus the preceding C/V context is C. This measure
captures preceding structural complexity in that words
with branching coda structures (i.e., multiple word-final
consonants) are more complex than words with a simple
coda or appendix (i.e., only a single word-final consonant).

Preceding sonority distance. This variable takes into
account the difference in sonority level of adjacent segments,
also referred to as a sonority slope. Sonority values were
coded using the sonority hierarchy for all preceding and mor-
pheme segments to calculate the sonority distance between
them. To illustrate, in the example picked me /pikt mi/, [-t]
is the PT morpheme segment and /k/ is the preceding seg-
ment. Preceding sonority distance® is derived by subtracting
the sonority rank (vowel [8] > glide [7] > liquid [6] > nasal
[S] > voiced fricative [4] > voiceless fricative [3] > voiced stop
[2] > voiceless stop [1]; Clements, 1990) of the morpheme
segment from the preceding segment. In our example, the
rank of /t/, a voiceless stop, is subtracted from the rank
of /k/, also a voiceless stop (1 — 1 = 0). Because there is no
change in sonority rank here, the preceding sonority distance
is zero. Marking trends identified by this variable reflect
transitional complexity, in that a falling word-final sonority
slope is simpler than one that remains level or transitions
from low to high (Clements, 1990).

Morpheme resyllabification. A final predictor variable
addresses the role that resyllabification may play in mediat-
ing other phonological influences (i.e., interactions with
other predictor variables). This measure is derived from
the phonotactic probability of the phoneme sequence that
would result if the morpheme segment were to resyllabify
into the onset of the following word. Herein, we will refer

This measure would be most accurately described as word-final
sonority distance. However, we at times refer to it as preceding
sonority distance to differentiate it from other more global measures
of context that extend across the word boundary.
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to this novel measure simply as morpheme resyllabification.
For this study, all phonotactic-probability measures were
calculated using average biphone frequencies from a calcula-
tor by Storkel and Hoover (2010), which derives frequencies
from a combined corpus of American English speech pro-
ductions of kindergarten and first-grade children (Kolson,
1960; Moe, Hopkins, & Rush, 1982).

To illustrate, consider the phrase wants to /wants tu/.
The phonotactic probability of the sequence /stu-/ at the
beginning of a word is relatively high because this forms a
phonotactically legal sequence, which also occurs at the
beginning of many English words. On the other hand, in
the phrase picks the /piks 0a/, the phonotactic probability
of the sequence /sdo-/ at the beginning of a word is very
low; in fact, it is zero because it does not occur in the onset
of any words in the corpus of child speech from which the
probability was derived. Further, this sequence is illegal
according to English phonotactic constraints (Pitt, 1998;
Treiman & Zukowski, 1990). Therefore, contexts where
morpheme resyllabification is more probable are pre-
sumed to be instances where the morpheme is more likely
to be associated with the beginning of the following word,
as in wants to /wants tu/ but not picks the /piks 0a/. This
is because in these contexts, the morpheme segment could
feasibly occupy a position in the following syllable. On
the converse, a zero or low morpheme-resyllabification
value, as in picks the, suggests that the morpheme seg-
ment is unlikely to occupy a position in the syllable at
the start of the following word because this sequence is
either uncommon or nonexistent at the start of words in
English.

This measure was selected in consideration of the
young DLL population examined in this study. In young
children, emerging syllable structure might look very dif-
ferent than in adults (e.g., C. C. Levelt, Schiller, & Levelt,
2000; McLeod, van Doorn, & Reed, 2001), and con-
straints on syllable structure vary greatly across languages
(e.g., Lle6d & Prinz, 1996). Not only are the children in this
study developing rules for syllable formation, but they are
doing so for two languages with differing constraints on
syllable structure (e.g., Blevins, 1995). Thus, we used a
probability-based measure that does not require overt as-
sumptions about underlying syllable structure or categor-
ical distinctions on the basis of English phonotactics.
This measure is derived solely from the relative frequency
of occurrence of a resyllabified sequence, as observed in
child speech.



Lexical and Sublexical Control Variables

Lexical frequency and phonotactic probability of the
bare verb or inflected verb have been shown in previous
studies to influence morpheme marking (e.g., Blom et al.,
2012; Leonard et al., 2007; Marchman, 1997; Stemberger,
2007). In this study, these properties were not manipulated
during data collection, because the language sampling
procedure did not include stimulus words; rather, the chil-
dren were free to produce (or avoid) verbs of their choosing.
To address potentially confounding factors related to verb
properties, we included word-final phonotactic probability
and lexical frequency of the verb stem as control variables.

Word-final phonotactic probability. To control for
the phonotactic properties of the final sound sequence of
the inflected verb, phonotactic probability was calculated
for the vowel of the final syllable, any coda consonants,
and the final morpheme (e.g., /aps/ in stops him /staps
him/). These phonotactic-probability values were derived
using the same corpus and procedures as were used for
the morpheme-resyllabification predictor variable.

Verb-stem frequency. This lexical property is a mea-
sure of the frequency of occurrence of a word in a given
language or population. For this study, lexical frequency
of the bare verb stem was collected from the ChildFreq
calculator (Badth, 2010), which draws from approximately
3,500,000 child productions of English words in the North
American and UK English corpora of the CHILDES data-
base (for more information on this freely available data-
base of child language, see MacWhinney, 2000). Drawing
from the CHILDES database allowed for collection of
frequency counts from a large and heterogeneous corpus
of English-speaking child productions and, importantly,
permitted restriction to an age range matched to the partic-
ipants in this study.

ChildFreq analyzes lexical frequency in child output
only, and thus is not a measure of child-directed speech
input. Frequency values from this calculator were derived
from the number of occurrences per 1,000,000 words in all
English-speaking children between 54 and 71 months of
age from the aforementioned CHILDES corpora. Lexical
frequency of the verb root (as opposed to the inflected
form) was used, because this database did not distinguish
between homophonous inflected forms (e.g., 3s he walks
vs. plural such long walks).

Coding Procedures

Marking rate, the dependent variable in this study,
is defined as the proportion derived from the number of
marked contexts (i.e., where the morpheme segment is
present in the child’s production) out of the total number
of obligatory contexts for a given morpheme. Verb-stem
frequency values were collected, unchanged, from the
ChildFreq calculator. Phonotactic-probability measures
were calculated as the average of the positional biphone
frequencies collected from the Storkel and Hoover (2010)
calculator. Codes for the remaining variables were gener-
ated automatically in Phon or with spreadsheet formulas
directly from IPA transcriptions of the target productions
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for each obligatory PT or 3s morpheme context. Reliability
for 25% of the PT and 3s items on the lexical-frequency
measure was 100%. Reliability for 25% of the 3s items on two
phonotactic-probability measures was 98%. All phonotactic-
probability measures for PT were calculated twice because
three errors were identified during reliability testing. All
errors (four in total) were corrected and confirmed by a
third party.

Statistical Analyses

To identify the effect of phonological context on
marking rate for two morphemes, examine differences
between them should they exist, and identify which phono-
logical influences are most predictive in each case, we com-
pared several families of mixed logistic regression models.
A summary of the variables in these analyses is given in
Table 3. For each morpheme, a separate family of model
comparisons was conducted for each main phonological
predictor (number of surrounding consonants, preceding
C/V context, and preceding sonority distance). In other
words, each main predictor was examined independently.
Within each family, morpheme resyllabification was exam-
ined as an interacting predictor variable and both word-
final phonotactic probability and verb-stem frequency
were included as fixed control factors in the initial model.
Because morpheme resyllabification is dependent on the
following phonological context, all analyses that included
this variable excluded UF forms. To account for differ-
ences across individuals, participant was included as a ran-
dom factor in each model. Given repeated observations
from each child, standard error was clustered by participant
to obtain robust variance estimates (Rogers, 1993). Model
variables were not orthogonalized; rather, collinear pre-
dictors were examined in a separate model (see Wurm &
Fisicaro, 2014).

Because we are interested in identifying the most pre-
dictive (or most predictive combination) of these various
measures of phonological context, several model compari-
sons and diagnostic techniques were implemented. Each
family of examinations began with the most complex model,
including both control factors and the interaction between
the main phonological predictor for that family and mor-
pheme resyllabification. Interactions and control factors
that were not significant (p > 0.05), did not contribute to
goodness of fit as determined by Akaike’s information
criteria (Akaike, 1974; Sakamoto, Ishiguro, & Kitagawa,

Table 3. Regression variables.

Predictor
Number of Surrounding Consonants x Morpheme
Resyllabification
Preceding C/V Context x Morpheme Resyllabification
Preceding Sonority Distance x Morpheme Resyllabification
Control
Word-final phonotactic probability
Verb-stem frequency
Participant (random factor)




1986), and/or led to poor specification (as determined by

a model-specification link test’) were removed. The results
reported for each family of comparisons therefore reflect
the most parsimonious model, and thus the most predictive
and nonredundant configuration available for each measure
of phonological context.

Results

Marking of PT and 3s morphemes was sufficiently
variable for observation of phonological influences on
marking rates, though data sampling from spontaneous
connected speech resulted in nearly twice the number of
obligatory contexts for 3s (n = 92) than for PT (n = 54).
Average marking rate for PT was 27.8% (SD = 45.2%), with
large variation across participants (SD = 33.1%). Marking
rate for 3s was higher at 47.8% (SD = 50.0%), also with
considerable variation across participants (SD = 29.0%).
These findings are congruent with highly variable word-
final morpheme marking rates in other studies of Spanish—
English DLLs (Bland-Stewart & Fitzgerald, 2001; Gutiérrez-
Clellen et al., 2008; Marinis & Chondrogianni, 2010; Padilla,
1978). Four participants did not produce PT in any obliga-
tory contexts, though they evidenced multiple productions in
PT probes and other standardized language measures, dem-
onstrating some knowledge of the morpheme and ability
to produce it; thus, unmarked contexts for these partici-
pants were included in the PT analyses. Two participants
did not produce 3s in any obligatory contexts, and no data
were available to otherwise demonstrate their ability to pro-
duce the morpheme; thus these participants were excluded
from the 3s analyses. Results for each family of compari-
sons, for each morpheme, are displayed in Figure 2.

Number of Surrounding Consonants

There was a significant negative effect of number of
surrounding consonants on PT marking rate, z(1, 54) =
—2.47, p = .01, and no interaction with morpheme resylla-
bification. PT marking was at 100% (of five instances) in
the simplest phonological context of no surrounding conso-
nants (preceded by a vowel and in UF position). Note that
a PT morpheme surrounded by a preceding and a following
vowel (V_V) would also constitute a context with no sur-
rounding consonants; however, this context did not occur
in these samples. Marking rates for more complex contexts
of one or two surrounding consonants were much lower,
and all (four) instances of PT surrounded by three consonants
were unmarked. Though the most parsimonious model

3A model-specification link test is used to confirm that a given model
is both predictive and unlikely to exclude other significant predictors,
interactions, or polynomial transformations. This test generates a
model with only two variables: one from the predictions of the model we
are examining, and a second that is an exponential transformation

of the predictions. Should the exponential transformation reach a level
of significance, this would indicate misspecification, such as missing
variables and interactions or incorrect formatting of existing variables
(Pregibon, 1980).
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available* was used, a significant specification link test (see
Table 4) suggests that variables in this model may have
been poorly specified. This could be related to few vowel-
final PT verb stems and the absence of V_V context in these
samples or the influence of UF position.” Thus, this result
should be interpreted with caution because the predictive
power of this measure might be affected by sampling limita-
tions or unidentified context effects.

Overall, number of surrounding consonants had a sig-
nificant positive effect on 3s marking rate, z(1, 78) = 4.73,
p < .01, and this influence was modulated by the probability
of morpheme resyllabification—that is, a significant Number
of Surrounding Consonants x Morpheme Resyllabification
interaction, z(1, 78) = —=3.46, p < .01—as determined by the
most parsimonious model.® The simple main effect of mor-
pheme resyllabification was also significant, z(1, 78) = 2.57,
p=.0l

Examination of the interaction between surrounding
consonants and morpheme resyllabification reveals that
the total number of surrounding consonants does influence
3s marking rate, but this influence depends on the proba-
bility of morpheme resyllabification into the following
word. In contexts with low morpheme resyllabification, a
greater number of surrounding consonants results in higher
3s marking rates (an unexpected pattern on the basis of
sequential complexity). In high-resyllabification contexts,
increasing surrounding consonants results in lower 3s mark-
ing (the expected pattern also observed for PT).

Preceding C/V Context

Preceding C/V context significantly influenced PT
marking rate, z(1, 54) = 5.62, p = .02, and did not interact
with morpheme resyllabification, as determined by the most
parsimonious model.” PT marking rate increased when
preceded by a vowel (i.e., in a simple coda) and decreased
when preceded by a consonant.

Preceding C/V context also significantly influenced 3s
marking rate, z(1, 78) = 5.88, p = .02, and, once again, this
effect was mediated by morpheme resyllabification, z(1, 78) =
11.52, p < .01, as determined by the most parsimonious
model.® The simple main effect of morpheme resyllabification

“Independent predictor: number of surrounding consonants. Controls:
verb-stem frequency, word-final phonotactic probability. Wald y*(3, 54) =
7.64, p = .05.

STwo follow-up examinations tested this model with UF items excluded
and, alternatively, with UF position included as a predictor variable.
Exclusion reduced specification error (p = .60), though UF position
was not a significant predictor (p = .96).

®Interacting predictors: Number of Surrounding Consonants x
Morpheme Resyllabification. Control: verb-stem frequency. Wald
x*(4, 78) = 45.03, p < .01.

"Independent predictor: preceding C/V context. Controls: verb-stem
frequency, word-final phonotactic probability. Wald x*(3, 54) = 12.65,
p=.01.

®Interacting predictors: Preceding C/V Context x Morpheme
Resyllabification. Controls: verb-stem frequency, word-final phonotactic
probability. Wald %*(6, 78) = 78.30, p < .01.



Figure 2. Findings for marking rates of past tense and third person singular. For number of surrounding consonants and word-final sonority
distance, low resyllabification = morpheme resyllabification at 0.00, and high resyllabification = morpheme resyllabification at 0.01. For
preceding consonant/vowel (C/V) context, Low resyllab. and High resyllab. groups represent a median split of the morpheme-resyllabification
values (Low resyllab. < 0.0005, High resyllab. > 0.0005). Error bars indicate 95% confidence intervals.

was not significant, z(1, 78) = =1.77, p = .08. Overall 3s
marking rate was higher when preceded by a consonant
than by a vowel. However, this effect differed according to
probability of morpheme resyllabification. In contexts with
low probability of morpheme resyllabification, 3s marking
increased with a preceding consonant. In contexts with high
probability of resyllabification, 3s marking rate favored a
preceding vowel.

Preceding Sonority Distance

As with number of surrounding consonants and pre-
ceding C/V context, preceding sonority distance also signifi-
cantly influenced PT marking rate, z(1, 54) = 3.01, p < .01.
Unlike with previous families of observations, no control fac-
tors contributed to the most parsimonious model.” When
the PT morpheme created larger word-final sonority slopes,
marking rate increased. Out of 20 obligatory contexts for
PT marking where the verb stem ended in a stop consonant
(e.g., stop[-t]), thus creating a level sonority slope, it is
notable that no participant produced the morpheme segment.
In contexts with a slight-to-moderate sonority slope of 2
to 4 (verbs ending with a fricative or nasal; e.g., clean/-d]),
the PT morpheme was marked in 33% of obligatory con-
texts. When preceded by a vowel (e.g., tie/-d]), which cre-
ates a steep sonority slope, PT marking rate was 86%.

Preceding sonority distance also significantly affected
3s marking rate, z(1, 78) = —2.03, p = .04, and this influence

"Wald y*(1, 54) = 9.08, p < .01.
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interacted with morpheme resyllabification, z(1, 78) = 3.86,
p < .01, as determined by the most parsimonious model.'°
The simple main effect of morpheme resyllabification was
also significant, z(1, 78) = =2.61, p = .01. Thus, word-final
sonority transitions affect 3s marking rate, and this influ-
ence is dependent on the probability of resyllabification into
the following word.

As with each phonological predictor of 3s marking,
two opposing patterns emerged. When resyllabification
into the following word was less probable, more steeply
falling (and thus, preferred) sonority slopes reduced 3s
marking rate. In other words, in these environments the
influence of word-final sonority distance is contrary to
expectations that are based on transitional phonological
complexity. When resyllabification into the following word
is more probable, however, more steeply falling sonority
slopes increased 3s marking rate, which is the expected pat-
tern on the basis of transitional phonological complexity.
This is also, incidentally, the pattern observed for PT.

Phonological Predictors of Tense-Morpheme Marking

Number of surrounding consonants, preceding C/V
context, and preceding sonority distance each emerged
as significant predictors of tense-morpheme marking rate.
In order to identify which measurement of phonological

Interacting predictors: Preceding Sonority Distance x Morpheme
Resyllabification. Controls: verb-stem frequency, word-final phonotactic
probability. Wald y*(5, 78) = 22.29, p < .01.



Table 4. Model comparisons for measures of phonological context.

Phonological context AIC? BIC? LT pred.” LT error®
Past tense
Surrounding consonants 64.88 74.82 > .01 014
Preceding C/V 60.05 69.99 > .01 .63
Preceding sonority distance 51.49 57.46 > .01 .74
Third person singular
Surrounding Consonants x Morpheme Resyllabification 98.70 112.84 > .01 .74
Preceding C/V x Morpheme Resyllabification 100.03 116.53 > .01 52
Preceding Sonority Distance x Morpheme Resyllabification 102.47 118.97 > .01 .80

Note.
consonant/vowel.

Best-fit models are in boldface; AIC = Akaike’s information criterion; BIC = Bayesian information criterion; LT = link test; C/V =

aLower value = better fit. °Link test: significance of model prediction (p < .05 = significant model prediction). °Link test: specification error
(p < .05 = significant specification error). “Significant model-specification link test indicating specification error.

context is most predictive for each morpheme, we repeated
the same model comparison and diagnostic techniques
used in each family of examinations for the most parsimo-
nious model from each set. The results of these compari-
sons for each morpheme are listed in Table 4. For PT,
word-final sonority distance—alone—emerged as the most
salient phonological predictor of PT marking rate. For 3s,
total number of surrounding consonants and its interaction
with probability of morpheme resyllabification were the
most predictive aspects of phonological context.

Differentiating Patterns of Tense-Morpheme Marking

Given differences in PT and 3s marking patterns
across phonological contexts, an additional analysis was
conducted to determine if these differences might be attrib-
utable to phonological features of the morphemes them-
selves. For this comparison, we examined nonmorphemic
word-final homophones of both morphemes (e.g., the /d/ in
slide as compared to the PT [-d] in cried; the /s/ in axe as
compared to the 3s [-s] in packs). A randomly selected
subset of 78 nonmorphemic final /s/ and /z/ fricatives and
54 nonmorphemic final /d/ and /t/ stops were extracted
from the participants’ language samples'' and analyzed
for the influence of preceding C/V context following
the same procedures as for the word-final morphemes.
No frequency or probability data were collected for non-
morphemic segments, and variables derived from these
values (morpheme resyllabification and both control factors)
were not used in this analysis.

The effect of preceding C/V context on nonmorphemic
final-consonant marking rate is compared to the effects
observed for PT and 3s in Figure 3. Preceding C/V context
did not have a significant influence on the production of
nonmorphemic final consonants /s/, /z/, /t/, and /d/, regardless

"Ttems were sampled to match the frequency of analyzed PT and 3s
morphemes. Because all 3s analyses included a significant interaction
with morpheme resyllabification (a measure that does not apply to
UF forms), UF forms were also excluded from the nonmorphemic
homophone analysis of /z/ and /s/.
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of type, z(1, 132) = 0.80, p = .43. Similar marking patterns
for nonmorphemic final consonants (i.e., /t/ and /d/ do not
pattern differently from /s/ and /z/), z(1, 132) = 0.85, p = .40,
suggest that the observed differences in PT and 3s marking
patterns cannot be explained by differences between stop
(/t/ and /d/) and fricative (/s/ and /z/) sound types.

Discussion

In this study, the influence of phonological context
on tense-morpheme marking was examined in a group
of preschool-age Spanish—English DLLs. Results are sum-
marized in Table 5. For both PT and 3s morphemes,
phonological influence was most strongly identified at
the end of the verb stem to which the morpheme attaches.
This phonological influence was confirmed by both C/V dis-
tinction and word-final sonority configuration—a reassuring
finding because it aligns with, and therefore supports,
word-final context being the focus for most prior research.
We thus extend evidence demonstrating the influence of
preceding phonological context on tense-morpheme marking
rate to a population of young Spanish—English DLLs.

In addition to the influence of preceding context, the
influences of following and surrounding context were also
considered, and patterns were compared across PT and
3s morphemes. Upon comparison, PT and 3s morphemes
diverge tremendously in the marking patterns that emerged
on the basis of their sensitivity to contextual phonological
influences. The marking pattern observed for PT supports
previous findings in populations of monolingual English
speakers. The rate of PT marking increased when preceded
by a vowel, when surrounded by fewer consonants, and
when forming a steeper word-final sonority slope. Other
than the influence of total surrounding consonants, follow-
ing phonological context was not found to significantly
affect PT marking rate. Of all phonological measures
examined, word-final sonority slope was the most powerful
predictor of PT marking rate.

Examination of phonologically influenced marking
patterns for the 3s morpheme yielded notably different results.
When considering only preceding phonological context, 3s



Figure 3. Marking rate by preceding consonant/vowel (C/V) context for past tense (PT) and third person
singular (3s) morphemes and their corresponding nonmorphemic homophones (/d/, /t/; /z/, /s/) in word-final
position. Error bars indicate 95% confidence intervals.

marking rate appeared to decrease in the same contexts (2014) for younger monolingual English-speaking children
where PT marking rate was shown to increase. That is, 3s but appear in contrast to the findings of Song et al. (2009),
overall marking rate was reduced in the context of preceding where 3s marking rate was shown to increase in the context
vowels, fewer surrounding consonants, and when form- of a preceding vowel. However, these different findings may
ing steeper word-final sonority slopes. These findings are be explained by the role of following and surrounding con-
compatible with those reported by Barlow and Pruitt-Lord text, which significantly affected 3s marking rate in the

Table 5. Summary of findings for phonological influences on marking rates for past tense and third person

singular.
Measure of preceding or Morpheme
surrounding context resyllabification® Simple Complex
Past tense
Surrounding consonants High v
Low v
Preceding C/V context High v
Low v
Preceding sonority distance High v
Low v
Third person singular
Surrounding consonants High v
Low v
Preceding C/V context High v
Low v
Preceding sonority distance High v
Low v

Note. Check mark indicates context (in terms of relative phonological complexity) with the highest marking
rate. Simplest contexts for each measure (in descending order): zero surrounding consonants, preceding
vowel, and large word-final sonority distance; C/V = consonant/vowel.

Morpheme resyllabification indicates phonotactic probability of resyllabification into the following word.
This variable did not interact with other measures for past tense; there were significant interactions with
each predictor variable for third person singular (p < .05).
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current study. Marking of 3s was sensitive to the number
of surrounding consonants and syllable-level phonotactic
effects across the word boundary. In fact, the most power-
ful predictor of 3s marking rate was number of surrounding
consonants, but only when the probability of resyllabification
into the following word was also taken into account. To
be specific, two patterns emerged in juxtaposition. When
resyllabification of the 3s morpheme into the following
syllable was improbable (as determined by phonotactic prob-
ability), marking rate increased in complex phonological
contexts; in contrast, for PT the marking rate was consis-
tently lower in complex contexts. When resyllabification
was more probable, however, 3s marking rate favored
simpler phonological contexts in much the same way as
PT-marking trends.

The emergence of two distinct patterns of 3s marking
in the same preceding contexts suggests that examination
of preceding context alone might result in variable patterns
across studies if following phonological context (specifically,
syllable-level phonotactics) is not taken into account. This
could contribute to the different findings for preceding con-
text by Barlow and Pruitt-Lord and by Song et al. In fact,
because these studies differed in how they restricted follow-
ing context, perhaps one finding is not contrary to the
other. It may be that they reveal complementary patterns
of influence due to sampling different surrounding contexts.

The PT and 3s morphemes have many similarities,
such as analogous allomorphic alternations, similar periods
of acquisition (in monolingual individuals: Brown, 1973;
in Spanish—English bilingual individuals: Bland-Stewart &
Fitzgerald, 2001), and Level 2 morpheme status (i.e., mono-
segmental morphemes that suffix at the word level; e.g.,
Goldsmith, 2011), and both are tense markers used as diag-
nostic indicators of LI. These similarities make the observed
dissimilar influence of phonological context on their mark-
ing rates all the more unexpected. Because the monosegmen-
tal forms examined in this study are composed of different
sets of phonemes, each with different phonological proper-
ties, phonological influences on each morpheme were also
compared with influences on their nonmorphemic word-
final homophone counterparts. All four nonmorphemic
word-final consonants showed the same pattern in favor
of simpler phonological contexts. Thus, the differences
observed for PT and 3s cannot be attributed only to differ-
ences in the types of phonemes these morphemes contain.

Modulating Word-Final Complexity

In this study, word-final phonological context was
examined using multiple measures, many of which have
appeared in previous studies (see Table 1). Across measures,
two types of patterns emerged that can be characterized by
preceding and surrounding phonological complexity. For PT
and for 3s (though only in the context of high morpheme
resyllabification), marking rate increased in phonologically
simpler environments. A second, contrastive pattern emerged,
but only for 3s in contexts of low morpheme resyllabifica-
tion. In these environments, 3s not only appeared resistant
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to the negative influence of phonological complexity but in
fact was more frequently marked.

It is argued that word-level morphemes, such as PT
and 3s, can occupy an extrasyllabic appendix position,
particularly in more complex preceding contexts (Selkirk,
1982). A consideration of extrasyllabic constituency can
provide an explanation of these disparate 3s marking pat-
terns. When the morpheme segment is situated outside
of the syllable (i.e., appendix position), syllable-internal
complexity constraints may not apply to it (Clements,
1990; Selkirk, 1982), effectively fortifying the morpheme
against the inhibitory influence of preceding complexity.

If the extrasyllabic appendix position fortifies marking in
complex contexts, it stands to reason that resyllabification
out of this position into the following word would have an
impact on this effect.

On the other hand, in simple preceding contexts
there is less linguistic motivation for the morpheme to occupy
an appendix position, if only because the morpheme segment
is unlikely to violate word-final phonotactic constraints in
a simple coda (e.g., Selkirk, 1982; Zec, 2007). Therefore,
we might not expect the same fortifying effect of extrasylla-
bic constituency in simpler contexts. Indeed, when neither
option results in appendix occupancy, preference (in the
form of higher marking rate) is given to the morpheme
in onset position over coda position. This is not surprising,
given a widely attested cross-linguistic preference for sylla-
bles with a consonant onset and a preference against syllable
codas (e.g., McCarthy & Prince, 1995). Thus, marking pat-
terns related to the occupancy or vacancy of an appendix
position might be involved in the findings for 3s presented
here. It is interesting that like 3s, the PT morpheme is also
allowed to occur in an extrasyllabic appendix position,
though it could be argued that evidence for 3s appendix
occupancy is more robust than for PT, given that only 3s
can create negative word-final sonority slopes that violate
the sonority sequencing principle. Related or not, no such
influence of morpheme resyllabification was observed for
PT. This description on the basis of appendix constituency
is thus only extended to 3s, but a more substantial explana-
tion related to syllabic constituency would need to accom-
modate observations for both morphemes.

Limitations and Future Directions

In this exploratory study, data were drawn from
spontaneous connected speech to minimize a task-related
influence and observe naturalistic connected speech patterns.
This sampling method, however, was a source of methodo-
logical limitation due to the small sample size and the lack
of controlled stimulus items. Given the sample size, there
may be influences that did not reach significance but still
contributed to marking rate, particularly for PT. Further,
many potentially illuminating analyses of phonological
context were not conducted due to the lack of multiple
target productions in each desired condition. The entire
surrounding phonological context was suspected to influ-
ence marking rates, and indeed, this was confirmed in



the form of a morpheme-resyllabification measure for 3s.
However, measures of following context that paralleled
measures of preceding context (e.g., following C/V context
or following sonority distance) were not analyzed because
identification of an interaction between preceding and
following contexts would require more observations than
were available in these data. For instance, preceding and
following sonority distance each contain up to eight levels,
and a complete examination of their interaction would
require observations in as many as 64 conditions. This
limitation is particularly true for PT, where vowel-final
regular forms (e.g., cried; n = 7) were especially sparse, and
even with evenly distributed UF productions and following
consonants and vowels, there would be a maximum of only
one or two observations in each combination of C/V con-
text (V_V, V_C, C_UF, etc.).

For this same reason, a probability-based measure
of following context (i.e., morpheme resyllabification) was
especially useful for detecting influences that transcend the
limitations of somewhat arbitrary categorical linguistic
distinctions, such as consonant versus vowel. This contin-
uous variable allowed for trend-like interactions that did
not require observations in each combination of levels, as
is the case for categorical interactions. Nonetheless, limited
observations severely restricted analyses of surrounding
context. It is possible, if not likely, that following context
exhibits a demonstrable impact on tense-marking rate that
could be identified with linguistic measures other than
morpheme resyllabification.

Elicitation or imitation probes might allow for better
control and inclusion of multiple observations in each
condition. However, children have been shown to perform
differently in probes and spontaneous language samples
(Oetting et al., 2012). Moreover, prior identification of a
task effect that interacted with the influence of preceding
phonological context on PT marking (Barlow et al., 2015)
suggests that this difference in performance may also ex-
tend to the influence of phonological environment, compli-
cating the use of probes in research of this nature. Future
research might systematically examine the effect of task
type on morphological sensitivity to phonological context
in order to guide data-collection methods in future morpho-
phonological studies.

The influence of a probabilistic measure of resyllabifi-
cation into the following onset adds to the growing body
of research suggesting that lexical and sublexical frequency
and probability measures do affect morpheme produc-
tion (e.g., Hoover & Storkel, 2013; Leonard et al., 2007;
Marchman, 1997; Stemberger, 2007). Further, it extends
this effect to the word-final morpheme in combination with
the initial sequence of the following word. Nonetheless, this
measure of resyllabification probability is novel, and thus
has yet to be validated. It is important that in a given produc-
tion, such as picks it [piks.it], the high phonotactic probability
of an onset sequence /si1-/, derived from the morpheme-
resyllabification measure, may suggest that resyllabification
is plausible (as in pik sit [pik.sit]), but it certainly does not
indicate if such a syllable formation did in fact occur in that
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particular production. This measure is essentially a calcula-
tion of phonotactic probability, and its extension to online
syllable formation is currently only suggestive. Future
research could identify the relationship between such a
probability measure and syllable formation, for example,
in a productive syllable-manipulation task.

This study draws from the connected speech produc-
tions of preschool-age Spanish—English DLLs. This is useful
in that it expands our typological understanding of mor-
phophonological interactions; however, it limits compari-
son of these findings to other studies until further research
is conducted on young bilingual and monolingual compari-
son groups. It is not yet clear if these results are particular
to the sampled population of Spanish-English bilingual
children or generalizable to other bilingual or monolingual
populations.

There is reason to consider the linguistic profile of
this population, because dual-language interaction in these
young learners could ostensibly affect PT and 3s marking
patterns differently, especially across word boundaries.
Nonpeninsular dialects of Spanish, for example, do not
contain word-final grammatical morphemes similar in
form to PT /-d/, but they do contain such morphemes simi-
lar to 3s /-z/, such as plural /-s/ (e.g., casas, “houses”) and
present tense second person singular /-es/, /-as/, or /-is/ (e.g.,
corres [kores/, “(you) run”). If Spanish morphology has
any influence on these children’s English productions, it
might then be expected to surface in similar /s/-type mor-
phemes, such as 3s, but not PT.

Spanish syllables are also highly restricted in their
allowance of syllable codas, with an especially strong pref-
erence for open CV syllables, both of which contribute to
robust resyllabification across word boundaries in Spanish
(e.g., Colina, 2009; Martinez-Gil, 2000). In addition, /s/ is
subject to Spanish-specific phonotactic constraints, such
as impermissibility in onset clusters, which further govern
its behavior during resyllabification (e.g., Lipski, 1999). It
might then be that resyllabification influences identified for
English 3s but not PT are related to particularly stringent
constraints against /s/-initial clusters in Spanish. Indeed,
Spanish—English bilingual individuals have been shown to
activate Spanish-specific phonotactic constraints even when
accessing English words (Freeman, Blumenfeld, & Marian,
2016). Future research might isolate and compare the influ-
ence of following context on the morpheme productions
of Spanish—English bilingual speakers against the produc-
tions of English monolingual speakers.

Different findings for PT and 3s sensitivity to phono-
logical context could be attributable to a number of factors
and are likely a combination of many. Perhaps this cross-
sectional examination is revealing each morpheme in a
different state of emergence (note that overall marking rate
was higher for 3s than PT in this sample), or perhaps there is
some categorical difference in the underlying representation
of these morphemes that has yet to be identified. If these
morphemes are indeed sensitive to different phonological
influences, this knowledge might be used to develop more
sensitive diagnostic measures for identification of LI using



tense-marking patterns (rather than marking rate alone),
especially in linguistically diverse populations. Given that
both morphemes were more frequently marked in some
phonological contexts and less marked in others, there

is reason to further consider the role of phonology in the
development and interpretation of diagnostic tools that
examine morpheme production. For instance, it may be
worthwhile to provide opportunities for word-final morpheme
production in a variety of surrounding phonological con-
texts to provide a more complete demonstration of the
child’s language use patterns.

Many studies have demonstrated the efficacy of
treating complex word-initial sequences for speech sound
disorders (e.g., Gierut, 2007). However, there is a poverty
of such research for word-final sequences, which is perhaps
more outstanding given the frequent co-occurrence of
speech sound disorders and LI (e.g., Shriberg & Austin,
1998). Given the sensitivity of word-final tense marking
to phonological environment, treatment of word-final
sequences could be a promising avenue for future research
related to efficacious and even simultaneous treatment of
speech sound production and morphosyntax. The findings
presented here suggest that multiple phonological factors,
including aspects of the following word, influence morpheme
marking in a bilingual population. The presence of these
influences may have implications for the development and
administration of diagnostic tools for identification of LI
and for morphophonological treatment approaches, such
that future research should consider a broader scope of
phonological influence in other linguistically diverse popu-
lations, including children with LI.

To conclude, aspects of phonological context and
complexity surrounding PT and 3s tense morphemes were
examined for their influence on marking rate in young
sequential Spanish—English bilingual children. Marking of
both morphemes was sensitive to word-final phonological
context, though they differed in the nature of this sensitivity.
Marking of 3s in particular was also influenced by aspects
of following phonological context. We suggest that resylla-
bification and positioning of the morpheme in syllable
structure may contribute to different sensitivities to phono-
logical context. Further research is needed to understand
the differences observed for PT and 3s morphemes and the
role of a dual-language profile in sensitivity to phonological
influences on morpheme production.
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Research Article

Treatment Targets for Co-Occurring
Speech-Language Impairment:
A Case Study

Philip N. Combiths,? Jessica A. Barlow,? Jennifer Taps Richard,® and Sonja L. Pruitt-Lord®

Purpose: The intersection of speech and language
impairments is severely understudied. Despite repeatedly
documented overlap and co-occurrence, treatment
research for children with combined phonological and
morphosyntactic deficits is limited. Especially, little is
known about optimal treatment targets for combined
phonological-morphosyntactic intervention. We offer a
clinically focused discussion of the existing literature
pertaining to interventions for children with combined
deficits and present a case study exploring the utility

of a complex treatment target in word-final position for
co-occurring speech and language impairment.
Method: Within a school setting, a kindergarten child
(aged 5;2 [years;months]) with co-occurring phonological
disorder and developmental language disorder received

word-final position inflected with 3rd-person singular
morphology.

Results: For this child, training a complex consonant
cluster in word-final position resulted in generalized
learning to untreated consonants and clusters across word
positions. However, morphological generalization was not
demonstrated consistently across measures.

Conclusions: These preliminary findings suggest that training
complex phonology in word-final position can result in
generalized learning to untreated phonological targets.
However, limited improvement in morphology and word-final
phonology highlights the need for careful monitoring of cross-
domain treatment outcomes and additional research to identify
the characteristics of treatment approaches, techniques, and
targets that induce cross-domain generalization learning in
children with co-occurring speech-language impairment.

treatment targeting a complex consonant cluster in
P I Y wo of the most prevalent communication disorders
in preschool and early school-age children are pho-
nological disorder (PD), a type of speech sound dis-
order (Law, Boyle, Harris, Harkness, & Nye, 2000), and
developmental language disorder (DLD), a type of language
impairment also referred to as specific language impairment
(Bishop, Snowling, Thompson, Greenhalgh, & CATALISE-
2 Consortium, 2017). Both PD and DLD are of unknown
etiology, occurring independently of a primary motivating
condition, and both functionally impair the development,
manipulation, and production of the linguistic units of
language. The primary distinction between PD and DLD
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lies in the types of units affected. In PD, phonological
units (e.g., speech sounds and sequences) are impacted,
whereas in DLD, the impact is seen in larger units (e.g.,
morphemes, words, and phrases). Despite affecting differ-
ent language components, PD and DLD both prevent the
development of a child’s linguistic skills in a timely manner,
which can impact their communication and literacy skills
and later academic, socioemotional, and occupational out-
comes (e.g., Beitchman, Wilson, Brownlie, Walters, Inglis,
et al., 1996; Beitchman, Wilson, Brownlie, Walters, &
Lancee, 1996).

Because PD has typically been associated with the
domain of speech and DLD has been associated with the
domain of language, the assessment and treatment of each
have most frequently been investigated independently.
However, there is a body of evidence that links PD and
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DLD and demonstrates the considerable comorbidity of
these disorders. Investigators in the areas of PD (Paul &
Shriberg, 1982; Rvachew, Gaines, Cloutier, & Blanchet,
2005) and DLD (Bishop & Edmundson, 1987; Botting &
Conti-Ramsden, 2003; Haskill & Tyler, 2007; van Daal
& van Balkom, 2004) have repeatedly documented co-
occurring deficits, such that difficulty with language (i.e.,
morphosyntax) is frequently reported in children with PD,
and children with DLD often have co-occurring speech-
sound production deficits.

Prevalence estimates for co-occurring PD and DLD
(hereafter, PD-LD) vary greatly. For instance, Shriberg
and Kwiatkowski (1994) found between 10% and 77% of
3- to 6-year-old children with speech production deficits
demonstrate expressive language concerns (e.g., low utterance
length, grammatical morpheme errors, limited vocabulary).
In two epidemiological studies reviewed by Pennington
and Bishop (2009), children with DLD were 3.3 (Shriberg,
Tomblin, & McSweeny, 1999) or 6.1 (Beitchman, Nair,
Clegg, Ferguson, & Patel, 1986) times more likely to also
have PD. Although these estimates vary, the substantial
co-occurrence of phonological and morphosyntactic impair-
ments is well documented, which muddies the distinction
between traditional speech and language disorders and de-
mands that this co-occurrence be addressed in the clinical
literature.

Converging evidence also suggests that PD and DLD
may, at least in some cases, have similar or overlapping
etiologies (e.g., Pennington & Bishop, 2009). PD and DLD
are associated with multiple cognitive-linguistic deficits,
including some that regularly occur in children with either
disorder, such as impaired phonological working memory
(Archibald & Joanisse, 2009; Raitano, Pennington, Tunick,
Boada, & Shriberg, 2004). Heritability has been demon-
strated for PD and DLD (Pennington & Bishop, 2009) and
is especially linked to instances of PD-LD (Lewis, Freebairn,
& Taylor, 2000b). Some have suggested that, in children
with PD-LD, low intelligibility characteristic of PD is often
identified before characteristics of DLD (e.g., Panagos,
1974), whose presentation is known to change across the
life span (e.g., Conti-Ramsden, St Clair, Pickles, & Durkin,
2012). The literature also suggests that children with PD-LD
are more severely impaired and are more likely to experi-
ence lasting cross-domain deficits than those with PD or
DLD alone (Bishop & Edmundson, 1987; Haskill & Tyler,
2007; Ingram, 1976; Lewis, Freebairn, & Taylor, 2000a;
Macrae & Tyler, 2014). Furthermore, children with co-
occurring PD-LD also demonstrate poorer language and
literacy outcomes in adolescence than those with non-
comorbid PD or DLD (Lewis et al., 2015).

Opverlapping Versus Co-Occurring Disorders

The issue at hand is a group of children with deficits
distributed across the nonmutually exclusive domains of
phonology and morphosyntax. Notably, not all children
with overlapping morphophonological error patterns fit
the profile of a child with co-occurring PD-LD. For instance,
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a child might present with DLD, whose omission of word-
final grammatical morphemes, such as third-person singular
(3S) —s or past tense —ed, mimics a pattern of final consonant
deletion or cluster reduction (e.g., goes /gouvz/ as [gou],
stopped [stapt/ as [stap]), which is a relatively common
phonological process in children with PD (Ingram, 1989).
This scenario could presumably be identified as a case of
DLD-—and not PD—by examining word-final production
of [-s], [-z], [-t], and [-d] in nonmorphemic word-final
contexts. A notably lower marking rate for 3S [-z] in a
word such as goes /goouz/ than for nonmorphemic [-z] in a
word such as hose /hovz/ would suggest difficulty with pro-
duction of the grammatical marker, unrelated to produc-
tion of word-final [-z].

Alternatively, a child might present with PD, whose
limited or absent production of phonemes in coda position,
certain consonants, or consonant clusters results in limited
or absent marking of word-final grammatical morphemes.
For instance, a child who does not produce [s] in words of
any type would also omit 3S [-s] in she walks; however, in
this instance, the underlying deficit would lie in phonology
and not in morphosyntax. In this case, a thorough exami-
nation of the child’s phonological system, especially pro-
ductions of [-s], [-z], [-t], and [-d] in word-final position,
would permit identification of phonological constraints
impacting morpheme production, and this could be com-
pared to morphosyntactic knowledge in less phonologically
constrained contexts, such as vowel-final verbs (e.g., goes
/gouz/) or other non-word-final tense and agreement mor-
phemes, such as copula or auxiliary BE.

A third profile would be that of a child with PD-LD—
co-occurring phonological and morphosyntactic deficits
above and beyond surface-level overlap in cases where
these two domains intersect. A child with co-occurring
PD-LD would demonstrate morphological deficits beyond
contexts where phonology would impact morphology and
vice versa. These children would demonstrate deficits in
both morphosyntax and phonology in contexts other than
their overlap in word-final position, such as errored case
marking and low word-initial consonant accuracy. Given
that PD, DLD, and PD-LD can resemble each other when
viewed through certain lenses, thorough cross-domain
assessment should be conducted to reduce the risk of an
incomplete or inappropriate diagnosis.

Cross-Domain Treatment: Approaches,
Techniques, and Targets

Several studies have documented approaches that
resulted in quantifiable improvement in both phonology
and morphosyntax following intervention for PD-LD. Cross-
domain improvements were documented in one study that
sequenced or alternated treatment domains (Tyler, Lewis,
Haskill, & Tolbert, 2003) and in three studies that com-
bined phonological and morphological treatment in the
same session or activity (Bellon-Harn, Hoffman, & Harn,
2004; Tyler et al., 2003; Tyler & Sandoval, 1994).



Interestingly, several studies also reported cross-domain
improvement following morphosyntactic treatment only
(Hoffman, Norris, & Monjure, 1990, 1996; Matheny &
Panagos, 1978; Tyler et al., 2003) or phonological treatment
only (Matheny & Panagos, 1978). Additional studies using
combined treatment approaches for this population only
found well-documented improvement in one of the two lin-
guistic domains (i.e., phonology: Hodson, Nonomura, &
Zappia, 1989; morphosyntax: Fey et al., 1994; Tyler, Lewis,
Haskill, & Tolbert, 2002). Consequently, cross-domain im-
provement may be achievable for children with PD-LD,
although methodological variations across studies make it
difficult to determine which domain(s) should be targeted
for optimal results.

Perhaps, less clear to a clinician faced with providing
intervention for a child with PD-LD are which techniques
to use or which linguistic structures to target in intervention.
In the aforementioned studies, a variety of intervention
techniques were successfully employed, including focused
stimulation or drill, minimal pair contrasting, elicited pro-
duction, cloze techniques (Tyler et al., 2002, 2003), phono-
logical and auditory awareness activities (Gillon, 2000;
Tyler et al., 2003), naturalistic play, and storytelling (Hoffman
et al., 1990, 1996). Although no single approach has emerged
as most effective, fortunately, the implication is that a va-
riety of intervention activities can achieve cross-domain
improvement.

There is especially little evidence as to the character-
istics of the linguistic structures that should be targeted in
treatment for children with PD-LD. In several of the studies
reviewed above, phonological or morphosyntactic targets
were described only broadly as complex discourse, narra-
tive structures, or phonological processes (Bellon-Ham et al.,
2004; Hoffman et al., 1996). In the work by Tyler and col-
leagues (Tyler et al., 2002, 2003; Tyler & Sandoval, 1994),
phonological processes and morphosyntactic errors were
directly targeted by training specified linguistic structures.
For example, in Tyler et al. (2002), treatment for one child
targeted /fl-/ and /kl-/ to address initial cluster reduction
and targeted past tense —ed, irregular past tense, possessive s,
and auxiliary BE to address grammatical morphology
errors. In each of these studies, treatment targets were
scheduled using a cycles approach (Hodson & Paden, 1991),
which necessarily involves the use of multiple targets. How-
ever, this limits our ability to retrospectively identify the
influence of a given linguistic target (e.g., /fl-/ or past tense
—ed), as it cannot be separated from the influence of other
simultaneous or cycled targets.

Treatment Target Complexity and Generalization

Because treatment research targeted for children with
PD-LD is still relatively sparse and the studies that do exist
have (a) broadly targeted one or more domains, (b) not
specified treatment targets, or (c) employed multiple simulta-
neous or cycled targets, attention has yet to shift to the im-
pact of characteristics of the stimuli or treatment targets that
are trained in combined phonological-morphosyntactic
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interventions. This is an important consideration for ef-
fective intervention because of the impact that a given
treatment target or stimulus may have on generalization
learning (Cummings & Barlow, 2011; Gierut & Morrisette,
2010; Plante et al., 2014; Van Horne, Fey, & Curran, 2017).

Introducing linguistic structures into an impaired
system by training linguistically complex exemplars is an
effective approach for treatment of disorders in multiple
linguistic domains (e.g., syntax: Thompson, Shapiro, Kiran,
& Sobecks, 2003; morphology: Van Horne, et al., 2017;
phonology: Gierut, 2008). Per this complexity-based
approach, new language structures are learned by exposure
to input that demonstrates a greater extent of higher level
variations. Presumably, relatively complex exemplars in the
input require the child’s existing language knowledge to ex-
pand in accommodation of the new, complex input (Gierut,
2007). In practice, the primary advantage of a complexity-
based approach is that it is expected to result in simultaneous
generalization learning of simpler, untreated components
of the language (e.g., Storkel, 2018a). Within the phono-
logical domain, teaching complex sound targets results in
greater generalized learning across sound manner classes
(e.g., stops, fricatives, nasals) than the traditional approach
of teaching simpler targets first (e.g., Tambyraja & Dunkle,
2014). Furthermore, complex consonant cluster targets, such
as /spl-/ in splash, appear to result in the greatest amount
of generalization learning, improving accuracy of other
consonant clusters and singleton consonants and, conse-
quently, resulting in higher consonant accuracy and overall
intelligibility (Elbert, Dinnsen, & Powell, 1984; Gierut, 1999;
Gierut & Champion, 2001).

Within the domain of morphosyntax, treatment using
complex stimuli has been shown to result in improved gen-
eralization learning in adults with aphasia at the sentence
level (e.g., Thompson, Ballard, & Shapiro, 1998) and chil-
dren with DLD at the morphological level (Van Horne
et al., 2017). In their recent study, Van Horne et al. (2017)
targeted past tense morphology in children with DLD using
a set of verb stimuli classified as difficult or easy based on
their phonological, semantic, and frequency characteristics.
Children trained first using the more difficult and ostensibly
more complex stimuli made greater improvement, including
generalized learning to untreated verbs, than the children
trained first with the easier, or simpler, stimuli. Strategic
manipulation of the complexity of treatment targets and
stimuli has thus been associated with improved generaliza-
tion learning, not only for children with PD but also for
individuals with language impairments, including DLD.

Complex Treatment Targets for PD-LD

The apparent effectiveness of complex consonant
clusters in word-initial position for treatment of PD leads
us to consider how complex treatment targets can be ap-
plied to children with co-occurring PD-LD. In English,
there is overlap between complex phonology and morphol-
ogy in word-final verb tense markers (e.g., 3S —s and past
tense —ed). For example, suffixation of [-s] or [-z] in a



3S-inflected verb not only adds morphological content to
the verb but also increases its phonological complexity by
adding a coda consonant (e.g., fIy+s /flaiz/) or forming a
consonant cluster (e.g., eat+s /its/, help+s /helps/).

To our knowledge, there has been no isolated investi-
gation of treatment outcomes for children with PD-LD
as a result of training a complex morphophonemic conso-
nant cluster (e.g., a tense-inflected word-final cluster).
There is, however, some precedent for targeting morpho-
phonemic word-final clusters in this population. In their
treatment study, Tyler and Sandoval (1994) targeted the
phonological processes of final consonant deletion or clus-
ter reduction in six preschool-age children with PD-LD,
with the expressed intention of improving the production
of grammatical morphemes that occur in word-final conso-
nants and clusters. The children in their study received one
of three interventions: (a) a phonological intervention tar-
geting phonological processes using elicited imitation and
minimal pair contrasts, (b) a narrative-based intervention
targeting various grammatical morphemes and expanded
utterances using focused stimulation and recasting, or (c) a
combination of both interventions in the same session.

Because the interventions in Tyler and Sandoval (1994)
involved a cycles approach to treatment targets, the inde-
pendent effectiveness of targeting complex word-final pho-
nology and morphology together is impossible to determine
in this study. Notwithstanding, two participants, S1 and S6,
were treated by expressly targeting word-final cluster re-
duction in morphologically complex contexts in one of
their cycles. Participant S1 received the direct phonology
treatment and was trained to produce /~ps/ and /-ts/ to
target final cluster reduction among his other cycled tar-
gets. Following 12 weeks of treatment, S1’s frequency of
occurrence of final cluster reduction was reduced from 100%
at baseline to 21%. His production accuracy of 5 two-
element final clusters (including the two treated clusters)
increased from 0% at baseline to 58%.

Participant S6, who received the combined phono-
logical and narrative-based intervention, was similarly
trained to produce /-ts/ to target final cluster reduction among
his other cycled targets. Following 12 weeks of treatment,
S6’s frequency of occurrence of final cluster reduction was
reduced from 100% at baseline to 0%. His production ac-
curacy of 5 two-element final clusters (including the one
treated cluster) increased from 0% at baseline to 100%.
Notably, ST and S6 outperformed the other four children
who were not trained on word-final consonant clusters in
terms of overall consonant accuracy improvement and
elimination of phonological processes, although they also
had greater receptive language skills, percentage of con-
sonants correct, and mean length of utterance (MLU) at
baseline than other participants.

Although the impact of treatment targeting final cluster
reduction and, indirectly, complex final clusters in Tyler
and Sandoval’s (1994) study cannot be isolated from the
impact of other cycled targets, the children who were trained
to produce two-element morphophonemic final clusters as
part of their intervention outperformed many of the other
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participants following treatment, which suggests that tar-
geting morphologically inflected final clusters might be
beneficial for children with PD-LD and warrants further
investigation.

A Case Study

Following these suggestive results, we will directly
explore the use of a single morphophonologically complex
treatment target by describing the execution and outcome
of a school-based case study conducted with a young child
with PD-LD. The treatment target and treatment protocol
will be described, and treatment outcomes will be presented
and discussed as they relate to morphophonological learning
and the variable profiles of children presenting with overlap-
ping characteristics of PD and LD or co-occurring PD-LD.

The study participant was a child in kindergarten,
herein referred to as “Max,” who demonstrated a profile
of co-occurring PD-LD. At the beginning of the school
year, Max presented with spoken language deficits in the
areas of phonology and morphosyntax, including—but
crucially not limited to—overlapping errors in phonology
and morphology in word-final position (i.e., final consonant
deletion/cluster reduction and word-final grammatical mor-
pheme omission). Although Max presented with an overlap-
ping deficit pattern that could be associated with either PD or
LD independently, his phonological and morphosyntactic
deficits were not exclusive to this overlap, as described below.
Thus, Max had co-occurring PD-LD, rather than limited
overlapping features of LD ultimately attributable to PD.

A speech-language pathologist (SLP) faced with a child,
such as Max, with PD-LD must choose treatment approach
(es) and target(s) to address both of the child’s impacted lan-
guage domains. Should an SLP decide to approach treatment
of phonology and morphosyntax simultaneously, there is
little guidance as to effective targets to train during treatment.
Max’s treatment presented here is a direct response to the
scarcity of treatment target efficacy evidence available to
guide target selection for SLPs treating children with
PD-LD. Furthermore, Max’s treatment was conducted
as it would occur in typical school-based services; interven-
tion was provided in a small group with another child of
similar age, occurred on-site at his elementary school, and
was scheduled according to his Individualized Education
Program (IEP) requirements and academic schedule.

Specifically, Max received 14 weeks of direct phono-
logical treatment targeting one word-final consonant cluster
in real and nonce stimulus verbs inflected with a 3S mor-
pheme (e.g., /e helps). The goal of treatment target selection
was to identify a linguistically complex structure, /-Ips/,
with phonological and morphological content whose accu-
racy was low at baseline. With this complex target, we
expected to observe generalization learning beyond the
treated consonant cluster in Max’s language production
via his phonological system, his morphological system, or
both. The impact of this approach was determined by
posttreatment generalization learning of phonological
and morphological structures as measured by singleton



consonant, cluster, and grammatical morpheme accuracy
outside treated contexts.

Method
Participant

Max was a monolingual, English-speaking child
(male, aged 5;2 [years;months]) attending a public kinder-
garten. In the summer prior to this study, he received an
IEP identifying speech and language concerns and partici-
pated in a preschool speech improvement class (a general
education service; Montgomery, Dunaway, & Taps, 2005)
targeting structured conversation, including words with ini-
tial /fl-/ and /skw—/ sounds. However, upon entry to kinder-
garten in the fall, he received no speech-language services
other than the intervention described here.

Max’s speech-language skills were assessed using a
battery of elicitation probes (described below) and a language
sample collected at baseline. Max’s elicited productions were
characterized by low consonant accuracy and notable word-
final morpheme omissions, including 0% marking of regular
monosegmental 3S, past tense, and plural morphemes. His
pretreatment singleton and cluster accuracy as well as word-
final morpheme marking rates from baseline probes are
shown in Table 1. His pretreatment phonetic inventory of
singleton consonants and clusters in word-initial and word-
final positions from these same probes is given in Table 2.
Specifically, Max’s percentage of consonants correct-revised
(PCC-R) was 43.3%. Speech-sound production accuracy was
especially low for word-initial clusters (25.7%) and single-
tons and clusters in final position (31.2% and 7.6%, respec-
tively), and he did not mark (i.e., produce) any instances
of word-final [-s, —z, —t, —d] morphemes in elicitation probes.
His inventory of singletons and clusters (see Table 2) was
also limited, especially in word-final position—with notable
absence of final [-s] and [-z], which are used for regular 3S
and plural marking.

Phonological and morphosyntactic characteristics
of Max’s elicited productions were similar to those attested
in his conversational connected speech. Per a 152-utterance
language sample, Max presented with highly unintelligi-
ble speech and low consonant accuracy in addition to no-
table morphosyntactic deficits, including 0% regular 3S

Table 1. Baseline percent correct singletons and clusters by
position, percentage of consonants correct—revised (PCC-R), and
monosegmental regular grammatical morpheme marking rate.

Phonology,
% correct

Morphology,
% marked

Measure Word-initial Word-final All positions Morpheme %

Singletons 62.8 31.2 47.4 3S 0.0
Clusters 25.7 7.6 15.3 Past tense 0.0
PCC-R — — 43.3 Plural 0.0
Note. Em dash indicates values were not calculated.

106

and past tense marking, and frequent omission of plural
marking, copula and auxiliary BE, and functor words
(e.g., o) and incorrect case marking (e.g., him for he).
His MLU in morphemes was 3.18.

Max’s phonological characteristics, including highly
unintelligible speech and low consonant accuracy, are indica-
tive of moderate-to-severe PD, and his omission of gram-
matical morphemes, including those that are not restricted
by complex phonology (e.g., auxiliary and copula BE,
articles, and prepositions), is consistent with a profile of
DLD. Per his initial IEP report, based primarily on perfor-
mance-based assessment and parent report, Max did not
have any other co-occurring motor, social-emotional,
behavioral, or health concerns. Max also passed a binaural
hearing screening at the beginning of the school year. To-
gether, these phonological and morphosyntactic deficits in
the absence of other concomitant impairment indicate a
co-occurring PD-LD profile.

All baseline/generalization probes and intervention
sessions, as described herein, were administered by a certi-
fied SLP or graduate student clinician under the former’s
supervision. All data collection and treatment were con-
ducted on-site at Max’s school.

Generalization Probes

A set of morphophonological generalization probes
was administered prior to treatment to establish baseline
performance, as described above, and at time points during
and after treatment. A complete probe administration oc-
curred before and after each treatment phase and after
each break during which no treatment occurred, as shown
in Table 3. A subset of the generalization probe adminis-
tered at baseline was administered twice to establish base-
line stability from September to mid-October.

The probe battery consisted of the singletons and
initial clusters in single-word elicitation probes of the In-
Depth Phonological Assessment (Taps Richard, 2012) and
a word-final probe sampling final clusters and regular
word-final morphology (plural, 3S, and past tense) in a
variety of word-final phonological contexts (i.e., preceded
by different types of consonants, clusters, and vowels).
Word lists for the generalization probe are available in the
Appendix. The complete battery elicited 312 words and
sampled every singleton consonant at least three times in
initial, medial, and final positions; 28 initial clusters and
30 final clusters were sampled at least twice. Each gram-
matical morpheme was sampled, at minimum, 13 times in
its monosegmental form (i.e., /-s/, /-z/, I-t/, /-d/) across a
variety of phonological contexts.

Elicitation probes were administered from a note-
book or folder with images (four per page) or a tablet screen
(one image at a time). Max’s productions were elicited
without a model whenever possible; however, when he did
not know the target or produced a nontarget word, the
target was elicited via delayed imitation of the examiner’s
model: “Isit ___ [target word] or ___ [unrelated word]?” or
“Thisisa ___[target word]. Tell me what this is.” Word-final



Table 2. Baseline phonetic inventory of singletons and clusters, by word position.

Word position Singletons

Clusters

Word-initial
Word-final

[bdhjkimnpuisttw]
[bdklmnnpatv?

[bl ba bw gu kI ki pl ps pw tl t1 tw]
[lp mp ntum un Jt J7]

tense morpheme production was elicited using cues adapted
from the 3S and past tense probes of the Rice/Wexler Test
of Early Grammatical Impairment (Rice & Wexler, 2001),
with a single practice item preceding each block of 3S or
past tense elicitations. These elicitations were in the fol-
lowing form: “Look at this woman. Tell me what she
does: she ___ [3S target]” or “She’s jumping. Now she’s
done. Tell me what she did: she ___ [past tense target].”

Treatment Target and Stimuli

Max’s treatment target was selected by adapting pro-
cedures for selecting complex word-initial phonological
treatment targets (Morrisette, Farris, & Gierut, 2006). These
procedures take into account child-specific and linguistic
factors that affect the complexity and generalizability of
potential treatment targets, including the child’s knowledge
of each component segment (i.e., accurate or inaccurate
use and stimulability) and the linguistic complexity of the
target. For additional information related to using com-
plex phonological targets in treatment, readers are referred
to Storkel (2018a). In adapting these procedures for a mor-
phophonemic word-final target, a three-element cluster was
selected because of its phonological complexity and the ab-
sence of any three-element clusters in Max’s pretreatment in-
ventory. The target exemplar, /~lps/, was selected because of
the complexity of these sounds in combination and Max’s
poor pretreatment knowledge of the component sounds in
word-final position. Finally, the 3S morpheme was selected
rather than the plural morpheme because 3S is generally
acquired later (Brown, 1973) and is typically more severely
impacted in children with DLD (Leonard, 2014).

Treatment stimuli were a set of seven verb phrases
(four real and three nonce verbs). Both types of verbs were
selected because nonwords have been shown to induce gen-
eralization learning more readily than real words in children
with PD (Cummings & Barlow, 2011; Gierut & Morrisette,

Table 3. Schedule of baseline/generalization probes, periods of
treatment, and breaks during which no treatment occurred.

Month Probe/treatment
September Baseline probes
Treatment Phase |
December Post—Phase | probes
Break 1
January Post-Break 1 probes
Treatment Phase |l
March Post-Phase Il probes
Break 2
April Post-Break 2 probes
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2010; Storkel, 2018b). However, less is known about the im-
pact of nonwords—particularly nonce verbs—in treat-
ment for children with PD-LD; thus, both were included
in Max’s set of stimuli. For the first phase of treatment,
stimulus verbs were preceded by the third-person pronoun
he to create short, grammatically correct phrases (e.g., he
helps, he malps) appropriate for imitation and drill-based
activities, although the subject agent was varied during the
second phase of treatment. All consonants in stimulus
phrases, except for the cluster target, were attested in the
child’s pretreatment phonetic inventory to encourage fo-
cused learning of the targeted novel cluster. The stimulus
phrases used in this study are given in the Appendix.

Treatment Protocol

Max received 14 weeks of treatment provided in
30-min small-group sessions twice per week, as is typical
for school-based services. The small group consisted of the
participant and one other child receiving treatment with a
nonmorphemic phonological target. The treatment followed
a drill-play format (Shriberg & Kwiatkowski, 1982) with a
production phase (Phase I) followed by an extension phase
(Phase II). During the production phase, Max was intro-
duced to four of the treatment stimuli and began produc-
ing target words following the clinician’s verbal model
with 1:1 clinician feedback. Explicit articulatory instruction
was introduced and used as needed, including verbal,
tactile, and kinesthetic cues, to elicit correct target forms
(Bauman-Waengler, 2008; Secord, 2007). Max success-
fully imitated the target cluster across multiple attempts
by the end of the first week of treatment; thus, for the re-
mainder of the production phase, Max produced target
verb phrases spontaneously or through elicitation but
without an immediate verbal model. As the production
phase progressed, corrective feedback was intermittently
delayed or withheld to provide opportunities for self-
monitoring and self-correction (Ertmer & Ertmer, 1998;
Shriberg & Kwiatkowski, 1990). The role of 3S —s was
not explicitly instructed during this phase. Treatment ma-
terials included toys and picture cards depicting target
verbs. Activities used to generate target productions in-
cluded matching, sorting, and structured play. Max produced
the treatment target, on average, 81 times per session (range:
24-150) across both phases of treatment. The end of Phase |
(Week 8) coincided with the beginning of an academic break
during which 5 weeks of no treatment occurred. Any change
in speech-sound or word-final morpheme production during
this period of no treatment was monitored by administering
the generalization probe before and after the break.



During the extension phase (Phase II), the same pho-
nological sequence was targeted; however, three addi-
tional treatment verbs (one real and two nonce verbs) were
introduced, and production opportunities were extended to
the sentence, conversation, and narrative levels through
role play and collaborative storytelling. This phase contin-
ued to target accurate production of the target cluster;
however, the role of 3S —s was explained explicitly at the
start of the extension phase, and Max was encouraged to
combine treatment verbs with other 3S subjects (e.g., Laura
gulps; the dog telps). The conclusion of phonological treat-
ment (Week 14) also coincided with the beginning of an
academic break during which 5 weeks without treatment
occurred. As before, change occurring during the 5-week
period after treatment was monitored by performance on
the generalization probe.

During both phases of intervention, progress was mon-
itored using a 1-7 visual analog scale (Munson, Schellinger,
& Urberg Carlson, 2012) that evaluated production of the
trained three-element word-final cluster in treatment words.
Each treatment target word was elicited once at the end of
treatment sessions with no clinician model or feedback.
Max’s production of the target cluster was evaluated from
1 (only a single segment, not in target cluster) to 7 (three
correct target segments). A sample rating scale can be found
in Figure 1.

Outcome Measures

Phonetic transcriptions of baseline and generalization
probes were the primary source of data for the outcome
measures in this study. All probes were transcribed online
by the administering clinician or supervised graduate student
using narrow phonetic transcription and audio-recorded for
later transcription by a research assistant trained in phonetic
transcription of child speech to determine transcription re-
liability. Audio recordings were consulted for any words that
were unclear to the online transcriber to amend missing or

Figure 1. Sample target production rating scale.

incomplete transcriptions. Transcription reliability for con-
sonants, including word-final morpheme segments, was
calculated for 30% (662 words) of the transcribed generali-
zation probes at 85% (Shriberg & Lof, 1991).

Treatment outcome was defined as generalization
learning in the phonological and morphological domains
in nontreated contexts. Because phonological generaliza-
tion from a complex target is expected to occur across con-
texts and sound classes, Max’s outcome measure in the
phonological domain was defined as production accuracy
for all singletons and clusters in nontreated words that
were produced with 0% accuracy prior to treatment. An
additional clinical measure, PCC-R, and a descriptive mea-
sure, phonetic inventory in each word position, were also
collected. Max’s outcome measure in the morphological
domain was defined as regular monosegmental 3S, past
tense, and plural marking rate in nontreated words in the
generalization probes. Probe transcriptions were analyzed
for consonant accuracy, morpheme marking, and PCC-R
using Phon (Rose & Hedlund, 2017), a free and open-
source software for phonological analysis. Phonetic invento-
ries were collected with the AutoPATT plugin (Combiths,
Amberg, & Barlow, 2016) for Phon. Additional language
sample measures (MLU in morphemes and grammatical
morpheme marking rates) were derived from pre- and
posttreatment language samples orthographically transcribed
and coded for morpheme use by SLP graduate students
using the Systematic Analysis of Language Transcripts
software and guidelines (Miller & Iglesias, 2012).

Results
Baseline Stability

In this case study, Max’s baseline stability served as
his own control. A stable baseline prior to treatment pro-
vides a point of comparison by which subsequent changes
can be attributed to treatment, rather than maturation.

1 23 45671 23 4567|123 4567]
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Relative stability of his phonological and morphological
systems prior to treatment, defined as < 10% change dur-
ing baseline, was established across a set of probes admin-
istered in the month of September (Baseline 1) and another
set administered in early-mid October (Baseline 2). Treat-
ment did not commence until after completion of Baseline 2
probes. Singleton and cluster accuracy from an overlapping
subset of 54 probe words across staggered pretreatment
time points (see Table 4) indicates stability during the 28-day
period prior to participation in this study. Regular mono-
segmental 3S, plural, and past tense morpheme production
was also measured and remained stable at 0% across Base-
line 1 and Baseline 2 pretreatment probes.

Treatment Progress

Visual analysis of accuracy on the treated target in
trained stimulus phrases (see Figure 2) indicated that learn-
ing of the targeted morphophonological structure, /~Ips/,
was occurring during treatment sessions. In-session perfor-
mance rose to ceiling by Week 14 of treatment, demon-
strating Max’s progress in trained treatment verbs over the
course of the intervention.

Phonology

With treatment targeting a complex word-final mor-
phophonological sequence, we expected generalization
learning to occur in Max’s phonological system, his mor-
phological system, or both. Composite accuracy scores were
calculated for all singletons and clusters that were produced
with 0% accuracy prior to treatment (herein referred to as
0%-at-baseline sounds) by word position (initial, final) and
type (singleton, cluster) after each treatment phase, as shown
in Figure 3. Max’s 0%-at-baseline singletons in word-initial
position demonstrated the most observable change, improv-
ing from 0% to 43% by the end of treatment. Composite
accuracy for 0%-at-baseline initial clusters, final singletons,
and final clusters improved between 10% and 22% over the
course of treatment.

Tables 5 and 6 display accuracy for each 0%-at-
baseline singleton or cluster in word-initial and word-final
positions, respectively, after Phases I and II of treatment. In
word-initial position, six 0%-at-baseline singletons showed
improvement following treatment. Of these, [z-], [g—], and
[/~] improved the most, with accuracy improving from 0%

Table 4. Percentage of consonants correct-revised (PCC-R)
and regular word-final morpheme marking rate stability across
baselines.

Measure Baseline 1 Baseline 2
PCC-R 41.5% 41.7%
3S 0.0% 0.0%
Plural 0.0% 0.0%
Past tense 0.0% 0.0%
Note. 3S = third-person singular.

Figure 2. Production accuracy rating (1-7) of /~Ips/ cluster production
in target verbs by week.
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at baseline to 57%-80% posttreatment. Seven 0%-at-base-
line consonant clusters showed improved accuracy fol-
lowing treatment, including [sl-] and [tw—], which rose
from 0% to 100% accuracy following treatment.

In word-final position, despite many singletons pro-
duced with 0% accuracy prior to treatment, only one of
these singletons appears to have been impacted by treat-
ment. Greater improvement was seen in word-final [-1],
which improved from 0% to 67% accuracy posttreatment.
As with word-final singletons, clusters in word-final posi-
tion were limited prior to treatment. With treatment, Max
demonstrated improved accuracy in eight 0%-at-baseline
final clusters, although improvement was generally limited
and, in the case of [-1k], [-lps], [-mps], and [-mpt], was not
persistent into the second phase of phonological treatment.

Figure 3. Composite accuracy of 0%-at-baseline singletons and
clusters by word position.
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Table 5. Zero-percent-at-baseline word-initial singletons and
clusters showing change over the course of treatment.

Baseline Post Phase | Post Phase Il

Sound Accuracy Cl Accuracy Cl Accuracy Cl
dz— 0% — 33% [1, 66] 11% [-11, 33]
g 0% — 11% [-11, 33] 67% [34, 99]
I 0% —  29% [-8, 65] 57% [17, 97]
v— 0% — 0% — 17% [-16, 49]
z— 0% — 0% — 80% [41,119]
0— 0% — 25% [-7,57] 38% [2, 73]
fl- 0% —  33% [-32,99] 33% [-32, 99]
fi— 0% — 0% — 33% [-32, 99]
kw— 0% —  33% [-32,99] 75% [26, 124]
sl— 0% — 100% — 100% —
sm— 0% — 0% — 33% [-32, 99]
Sw— 0% — 100% — 50% [-48, 148]
tw— 0% —  33% [-32,99] 100% —

Note. Em dash indicates values were not calculated. Cl = 95%
confidence interval.

Although Max demonstrated only transient improvement
in three-element final clusters and two-element liquid + stop
clusters, more persistent improvement occurred within the
nasal + stop class of two-element final clusters.

The expansion of Max’s phonetic inventory in each
word position was also monitored as a descriptive measure
of treatment progress. His phonetic inventory by word
position following word-final treatment also reflects general-
ized learning to other untreated consonants and clusters. In-
clusion in the phonetic inventory at any time point for a given
word position was determined by two or more occurrences at
a given probe point. In initial position, Max added four single-
tons [0, J~, f—, and g-] and five clusters [gl-, di—, gi—, kw—,
and sl-] to his phonetic inventory. In final position, he added
four clusters [-1t, —nd, —1d, and —1p] to his phonetic inventory.

Grammatical Morphology

In addition to targeting the participant’s phonological
system, the word-final treatment also indirectly targeted

Table 6. Zero-percent-at-baseline word-final singletons and
clusters showing change over the course of treatment.

Baseline Post Phase | Post Phase Il
Sound Accuracy Cl Accuracy Cl Accuracy Cl
- 0% —  11% [-11,33] 67% [34, 99]
-k 0% — 50%  [-48, 148] 0% —
—lps 0% —  33% [-32,99] 25%  [-24,74]
—-mps 0% —  50% [-7,107] 0% —
—mpt 0% — 50%  [-48, 148] 0% —
-nd 0% —  33% [-8, 75] 33% [-8, 75]
—nk 0% —  35% [-24,74] 75% [26, 124]
—id 0% —  40% [-8, 88] 40% [-8, 88]
—its 0% —  33% [-32,99] 0% —

Note. Em dash indicates values were not calculated. Cl = 95%
confidence interval.

word-final grammatical morphology in the form of 3S
inflection. Per his performance on the generalization probes
(shown in Table 7), Max demonstrated only nominal im-
provement to regular 3S and past tense and no improve-
ment to plural morphology. However, Max’s productions
in a 397-utterance posttreatment language sample do
suggest growth in his morphological system following treat-
ment (shown in Table 8). Comparing his pre- and post-
treatment language samples, Max’s MLU in morphemes
increased from 3.18 to 3.39, marking rate for regular 3S
increased from 0% to 5%, regular past tense increased from
0% to 53%, copula BE increased from 8% to 50%, present
progressive increased from 10% to 100%, and auxiliary
DO increased from 57% to 64%. Because baseline stability
was only established for performance in the generalization
probes—not for language sample measures, Max’s apparent
improvement in morphological productions from his lan-
guage sample cannot be attributed to treatment above
and beyond maturation.

Treatment Impact and Effect Size

Because generalization in the phonological domain
was observed following treatment, the impact of intervention
on Max’s phonological system was further described with
two clinically relevant metrics: PCC-R and standard mean
difference effect size following Gierut, Morrisette, and
Dickinson (2015). These measures were calculated to de-
termine the impact of treatment and quantify change in
Max’s overall speech-sound production accuracy. Further-
more, PCC-R, as scored for each consonant in each word
of the generalization probes, served as a binary outcome
measure suitable for logistic regression comparisons of
PCC-R before and after each treatment phase and each
S-week break in treatment. Significantly different change
during treatment phases in the absence of significant change
during breaks without treatment would support the impact
of treatment on Max’s phonological system, above and
beyond identifiable maturation effects.

PCC-R was calculated at each probe administration
and compared pre-to-post treatment phases and pre-to-
post breaks (shown in Table 9). PCC-R after Phase I of
treatment (post Phase I; PCC-R = 55.8%) was significantly
higher than at baseline (Baseline; PCC-R = 43.3%, p < .01),
and PCC-R improved significantly during Phase II of
treatment (post Phase II; PCC-R = 60.9%, p < .01). Be-
cause a young child’s sound system can be expected to

Table 7. Regular word-final morpheme marking rates.

Morpheme Baseline Post Phase | Post Phase Il
3S 0.0% 6.3% 5.6%
Plural 0.0% 0.0% 0.0%
Past tense 0.0% 0.0% 8.3%

Note. 3S = third-person singular.




Table 8. Morpheme marking rates from pre- and posttreatment
language samples.

Pretreatment Posttreatment
% %

Morpheme Marked Opportunities Marked Opportunities
3S 0 3 5 20
Plural 33 3 83 12
Past tense 0 3 53 15
Progressive 10 10 100 25
Aux DO 57 7 64 22
Copula BE 8 13 50 22
Aux BE 33 3 0 15
Note. 3S = third-person singular; Aux = auxiliary.

experience maturational growth over time, pre-to-post
treatment differences alone cannot identify a causal impact
of word-final phonological treatment on PCC-R improve-
ment. However, PCC-R remained stable at baseline (see
Table 4), and PCC-R did not increase during either 5-week
break without treatment (see Table 9). This suggests that
the improvements in PCC-R after Phases I and II of treat-
ment can be attributed to the effect of word-final phono-
logical treatment and not to maturation.

Treatment effect size was determined using standard
mean difference based on change in accuracy of all 0%-
at-baseline singletons and clusters following Gierut et al.
(2015), calculated as (mean accuracy across all baseline
probes) — (mean accuracy across all mid- and posttreatment
probes) / (pooled population standard deviation at baseline).
Because a population standard deviation cannot be deter-
mined for a single child, the population standard deviation
from Gierut et al. (SD = 0.02) was used as the denomina-
tor in the effect size calculation. The effect size of Max’s
treatment was 7.85—a moderately large effect (large effect
range: 6.32-27.83) for treatment of PD according to the
benchmarks established from the treatment outcomes of
135 preschool children.

Table 9. Percentage of consonants correct-revised (PCC-R) by
time point with logistic regression results.

Time PCC-R 95% ClI 2 p?
Baseline 43.3% [40.2, 46.5] — —
Post Phase | 55.8% [52.7, 58.9] 29.8 <.01*
Post Break 1 53.6% [50.4, 56.7] 1.0 1.00
Post Phase Il 60.9% [57.8, 63.9] 10.5 <.01*
Post Break 2 58.3% [55.2, 61.4] 1.3 1.00

Note. Em dash indicates values were not calculated. y° contrasts
compared PCC-R at each posttreatment time point (i.e., post Phase |,
post Phase ll) to PCC-R prior to that treatment phase (i.e., baseline,
post Break 1, post Break 2). * contrasts also compared pre and
post each 5-week period of no treatment (i.e., Break 1 and Break 2).
Posttreatment time points are in boldface. Cl = confidence interval.

Significant difference in PCC-R between pre- and post-treatment
phases.

*Bonferroni-adjusted p values.
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Discussion

There is a paucity of evidence-based support for
SLPs faced with the assessment and treatment of children
with overlapping or co-occurring speech and language
impairments. Children with PD may present with speech
production patterns that resemble morpheme omission
errors typical of DLD, such as final consonant deletion or
final cluster reduction, and conversely, children with DLD
may omit word-final grammatical morphemes, mimicking
word-final phonological processes. There is, however, a
considerable subgroup of children who present with co-
occurring PD-LD beyond the morphophonological overlap
that occurs in word-final position. Treatment research for
this population has, so far, demonstrated that a variety
of combined, sequenced, or alternating intervention ap-
proaches and various intervention techniques can lead to
improved outcomes in phonology and morphosyntax for
these children. However, identification of the treatment
target characteristics that impact treatment outcomes for
children with PD-LD is only just emerging, and the results
of this case study highlight some of the considerations to
be addressed in future investigations.

Generalization in the Phonological Domain

In this preliminary case study, we describe an inter-
vention for PD-LD in which a morphophonologically
complex consonant sequence was trained in word-final
position. The study participant, “Max,” was a 5-year-old
child presenting with low consonant production accuracy,
an especially restricted word-final phonetic inventory,
and morphosyntactic omission and agreement errors, in-
cluding zero marking of word-final grammatical morphemes.
He received 14 weeks of treatment targeting a three-element
consonant cluster, /-Ips/, in word-final position. 3S mor-
phology was embedded in the target by training morpho-
logically rich treatment verb phrases, such as &e helps.

Max’s improvement posttreatment in the phonological
domain follows the expectations of a complexity-based
approach, which predict expanded phonological knowledge
in the form of generalized learning to untrained, simpler
linguistic structures (e.g., Gierut & Champion, 2001). After
training to produce a complex word-final cluster, Max’s
phonological system expanded, especially in simpler con-
texts. Following treatment, he demonstrated the most ac-
curacy improvement in untreated word-initial singletons
and clusters. Accuracy improvement in word-final position
was large for some sounds and clusters but, overall, was
limited and less consistent. Qualitatively, his phonetic in-
ventory following treatment expanded to include four new
singletons, five new word-initial clusters, and four new
word-final clusters. Given training with a complex word-
final target, the asymmetric improvement favoring initial
position may seem unexpected. However, given the greater
complexity of word-final position relative to initial position
(Levelt & van de Vijver, 2004), generalization to simpler
structures is expected before generalization of the treatment



target or other complex structures is observed (Gierut &
Champion, 2001; Taps Richard, Barlow, & Combiths, 2017).

Cross-Domain Generalization

Despite considerable improvement to his phonological
system, posttreatment change in Max’s morphosyntactic
skills was inconsistent. Improvement was notable only in
qualitative changes to untreated morphemes in a posttreat-
ment language sample but was unattested in performance
on the generalization probes sampling monosegmental reg-
ular 38, past tense, and plural. Learning of the targeted
structure, 3S, did not generalize to untreated verbs in gen-
eralization probes or a language sample. Furthermore, lack
of demonstrated baseline stability for morpheme produc-
tion in a language sample combined with no significant mor-
phological improvement in the generalization probes suggest
that learning did not generalize to the morphological do-
main. Because 3S morphology was included in the trained
cluster, this finding was unexpected but not unprecedented.
Cross-domain generalization learning has been attested
in several studies; however, there seem to be limits to the
directionality of this effect. Studies that simultaneously
targeted phonology and morphosyntax in the same ses-
sion (Tyler et al., 2003) and sequenced a phonology and
morphosyntax intervention (Tyler et al., 2002) also demon-
strated a similar pattern of posttreatment phonological
improvement in the absence of morphosyntactic growth.

However, the limited morphosyntactic improvement
in this case study stands in contrast to the outcomes of
the children in Tyler and Sandoval (1994), who clearly dem-
onstrated both phonological and morphosyntactic improve-
ment following a cycled treatment that included some
training of morphophonemic final clusters. These different
treatment outcomes may be attributable to factors re-
lated to the participants, the treatment approach, and/or
the treatment targets. Participants S1 and S6 (Tyler &
Sandoval, 1994) were treated for the phonological pro-
cess of final consonant cluster reduction by training two-
element final clusters in plural-inflected nouns among
other cycled targets. During one of his recurring cycles,
S1 received direct phonological intervention that included
production of plural-inflected nouns with final clusters,
similar to Max’s intervention presented here. Although
S6’s cycles also included training of plural-inflected nouns
with final clusters, he received a combination of direct pho-
nological intervention and a narrative language intervention
that differs more substantially from Max’s phonologically
based intervention. Consequently, only S1 received treat-
ment comparable in its approach to the treatment described
in this study.

Given their pretreatment measures, S1 and S6 (Tyler
& Sandoval, 1994) may better fit the profile of children
with PD whose morphology errors are ultimately attribut-
able to phonological processes and thus may not be indica-
tive of co-occurring PD-LD. Both participants had language
comprehension and expressive vocabulary scores in the nor-
mal range prior to treatment. Notably, SI also demonstrated
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average MLU for his age. As suggested by the authors,
the dramatic improvement of the children’s grammatical
morpheme production following treatment of word-final
phonological processes suggests that phonology was the
primary impediment to their production of word-final
grammatical morphemes. Thus, participant-internal factors
related to impairment profiles may also have contributed
to their improvement in the morphological domain.

In addition to potentially different impairment pro-
files, differences in treatment targets may have impacted
the generalizability of learning into the morphosyntactic
domain. In Max’s intervention, a three-element cluster
inflected with 3S was targeted because of its relatively high
complexity. Alternatively, in Tyler and Sandoval (1994),
two-element clusters with plural —s inflection were targeted.
Although both targets are complex, two-element clusters
are less complex than three-element clusters (Greenberg,
1978), and plural morphology is acquired earlier than 3S
and is arguably less complex (Brown, 1973).

Furthermore, there is precedent for limitations to
the amount or type of complexity that may contribute to
greater generalization learning. For instance, Gierut and
Champion (2001) identified less predictable generalization
patterns following treatment for PD targeting three-element
initial clusters, such as /skw—/, /skx-/, or /spl-/. The authors
suggested that the unpredictable generalization patterns
for these highly complex targets could be explained by
each child’s pretreatment knowledge of the components
of the cluster target. Concisely, functional pretreatment
knowledge of two component phonemes resulted in greater
generalization learning following treatment. The authors
proposed that some knowledge allowed the children to bet-
ter attend to multiple structural components and generalize
learning to a wider variety of other consonant clusters.

Like these initial cluster targets (Gierut & Champion,
2001), Max’s word-final treatment target was highly com-
plex. Although he did demonstrate some knowledge of the
component singletons /I/ and /p/, he demonstrated poor
knowledge of both /I/ and /s/ in word-final position. Thus,
it is reasonable to suggest that Max’s limited functional
knowledge of word-final morphology and of the target’s
component phonemes impacted his ability to attend to
both the phonological and morphological components of
his treatment target. Because children presented with
novel phonological and grammatical input will, by default,
track the input’s phonological rather than grammatical
characteristics (Plante, Vance, Moody, & Gerken, 2013),
it is then less surprising that generalization learning oc-
curred primarily within the phonological domain.

Another potentially impactful difference between
Max’s treatment and that of S1 and S6 (Tyler & Sandoval,
1994) relates to the variability of the treatment stimuli.
Recent findings suggest that treatment of grammatical
morphology is more effective when the form and context
of the trained structure are highly variable. Presumably,
this variability allows children to attend to the stable com-
ponent of the input (i.e., the grammatical target; Leonard
& Deevy, 2017; Plante et al., 2014). Because Tyler and



Sandoval targeted phonological processes, multiple con-
sonant cluster exemplars were employed (at least for S1),
and treatment stimuli were not limited to a set of predeter-
mined words. In the case of 3S morphology, regular vari-
ants have several phonological forms ([-s], [-z], and [-1Z]).
However, only one variant, [-s], was targeted in Max’s in-
tervention, and this form was trained in a limited set of
seven treatment verb phrases. It is possible that low vari-
ability in the treatment stimuli, in addition to Max’s pre-
treatment knowledge and PD-LD profile, impacted his
ability to attend to and generalize learning of the morpho-
logical component of his treatment target.

Limitations

The development and execution of this case study
closely followed the clinical process as it might occur in
school-based practice. A unique profile of phonological
and morphosyntactic deficits was identified in a child, for
which little treatment efficacy information was currently
available. In accordance with the principles of evidence-
based practice, a treatment program based on treatment
methodologies already shown to be effective in related
populations was customized to address the child’s unique
needs. Although every effort was made to maintain the va-
lidity of this study, certain limitations were unavoidable.
The study design, including the treatment protocol and
baseline/outcome measurements for this study, was devel-
oped and executed within the confines of a school environ-
ment. Hours spent on treatment and generalization probes
were obligated to meet the requirements of the child’s IEP
and school schedule. However, school breaks between
treatment phases and after treatment did permit compari-
son of change in outcome measures during treatment with
the impact of maturation when no treatment was occur-
ring. Also in accordance with the participant’s IEP, treat-
ment was provided in a small group, as typically occurs in
school settings (Mullen & Schooling, 2010). In this case,
one other child of similar age simultaneously received
treatment for PD targeting word-initial consonant clusters
Iskw—/, Ispl-/, /sti—/, and /0x-/. Although Max’s secondhand
exposure to the other child’s initial cluster target was un-
avoidable, two clinicians were often present to provide di-
rected intervention for each child. When Max attempted a
word including the other child’s target, no feedback was
given, and he was redirected to his own target. Importantly,
Max also showed no improvement in the other child’s spe-
cific word-initial cluster targets over the course of treatment.

Clinical Implications

This exploratory case study suggests that treatment
targeting complex three-element clusters in word-final posi-
tion may be feasible for children with PD-LD, at least for
generalization learning within the phonological domain.
Perhaps more importantly, these results call for future work
to investigate the generalizability of complex exemplars
trained in intervention for children with PD-LD. As has
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been shown separately for treatment of PD and DLD,
strategic manipulation of the target stimuli can produce
better treatment outcomes (Cummings & Barlow, 2011;
Gierut, 2008; Plante et al., 2014; Van Horne et al., 2017),
and the generalization principles behind this work should
also apply to children with PD-LD. It will be important
for future work to clarify the speech-language profiles of
children with PD-LD and differentiate overlapping charac-
teristics of PD and DLD from co-occurring PD-LD. Future
intervention research should manipulate the phonological
complexity of treatment targets as a function of children’s
pretreatment linguistic knowledge and may choose to de-
termine the impact of target characteristics that have been
successful for treatment of DLD, such as variability of the
target grammatical form and its context (Plante et al., 2014)
or complexity of the stimulus word (Van Horne et al., 2017).

As our ability to identify impairments and disorders
improves, comorbidity is becoming the norm rather than
the exception, and SLPs faced with the assessment and
treatment of children who present with combined speech
and language deficits require strategic tools to provide
this population with optimal treatment outcomes. Unfor-
tunately, the knowledge our field has accumulated regard-
ing efficacious approaches, targets, and stimuli for PD
and DLD is yet to be systematically examined in children
with PD-LD. In the meantime, an SLP should ensure that
phonology and morphosyntax are thoroughly assessed in
children with speech or language deficits so that co-occurring
deficits can be either ruled out or targeted. When there is
reasonable expectation of overlap or co-occurrence, an
SLP should be cautious upon interpreting standardized scores
from broad expressive language or phonology measures,
as these may be influenced by overlapping characteristics
of the nontargeted domain. In these cases, subscores tar-
geting nonoverlapping phonological and morphosyntactic
skills may be consulted, or these scores may be supple-
mented with other probes or performance-based measures.
For instance, a phonology probe should include sounds
that commonly occur in English inflectional morphology
(i.e., /t/, /d/, Is/, Iz/) in multiple word positions and in both
inflected (e.g., goes /govz/) and uninflected (e.g., buzz /baz/)
words. Similarly, assessment of tense and agreement
morphology should allow for examination of morpheme
production in a variety of phonological contexts (e.g., a
combination of vowel-final stems, see /si/ and fIy /flai/, and
consonant-final stems, jump /dsamp/ and wash /waf/). Dif-
ferences in either domain that are modulated by the other
should be considered when interpreting these phonological
and morphological assessments.

When co-occurring impairment is identified, a variety
of simultaneous or sequenced treatment approaches may
be effective; however, treatment targets should be monitored
concurrently with progress in any impaired language do-
mains to ensure that generalization is occurring in the tar-
geted domains. Given limited research in this area and the
results of this case study, targets may need to be modified
if improvement appears to asymmetrically impact one
domain over another.
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Appendix (p. 1 of 3)
Word Lists

Singletons probe

cherry foot keys page
chip toes gate peaches
vanilla thumb fence sandwiches
jello mustache roof cages
cereal beard off pages
zero thick bathtub bridges
knife cage bath hop

jar shell sink dance
gum ocean chair jump
chew sub vase hug
yoyo treasure chef hello
think beach hat wave
map bees yes shave
game beehive turn zip

run fire mother dive

leg jungle father lick
yoga thunder brother crash
breathe edge valentine push
race web love scratch
bike night necklace wash
ride sun young sick
hurt water mad cough
ouch pool funny shake
pencil tube big hopping
math vine jacket dancing
read duck girl jumping
long dog smooth hugging
thankyou fur television waving
children pig mud shaving
eighth cow muddy Zipping
these shark noise diving
voice four noisy licking
nose zebra bridge crashing
mouth head peach pushing
teeth lion badge scratching
tooth pdolo] book washing
shaking coughing
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Appendix (p. 2 of 3)

Word Lists
Clusters probe

snake swing cloud sprouting
slug splashing view green
spider few snowflake smoke
dragon swimming truck plug
school frisbee drive splice
flag slide blue straight
crayons player stop screwdriver
glue scream broom clock
glasses thrilling skate squeezing
black sprint quiet twelve
square queen cry strike
French throne stairs bracelet
fries princess music
shredded twins smile
grapes tree cute
pretzel flower pure
spoon beautiful shrub

Word-final morphophonology probe
board milks slippers rabbits
gulp pats sprinkles behind
pulp pours drums six
scalp starts milk playground
search stuffs trunk stripes
drinks walks desk comn
elks goes planets moths
gulps Babs vest oink
humps laps grapes thinks
skirts prompt cats helps
filled silk third drinks
jumped friend horse melts
missed church earmuffs yelps
cried inchworm present dunked
cries crabs blocks called
drops scarf iceberg steered
drums gold park helped
grabs airport games fanned
jumps mask fork chinked
planned
yelped
bird
klutz
next
lynx
sculpt
jinx
sixth
twelfth
calx
mulct
alps
whilst
waltz
mumps
glimpse
prompt
thousandth
instinct
distinct
length
infarct
warmth
quartz
corpse
horst
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Appendix (p. 3 of 3)
Word Lists

Treatment stimuli

he helps
he gulps
he whelps
he pulps
he malps
he telps
he kelps
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Chapter 5, in full, is a reprint of material as it appears in Combiths, P., Barlow, J.A.,
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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. /gr/, /br/, /I/). 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 (Fernandez Vitores, 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. I/, Is/ in English) or consonant clusters (e.qg. /fl/, /sti/ 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. Catafio

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 /I/ 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; Catano 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. /gr/) and complex singletons (e.g. /I/) 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.

Spa:Eng PLS-5
Name Age  Sex Exp.* Mat. Ed. AC/EC MLUw Leiter-R PCC-R ICS
Diego 04;09.27 M 6.3 HS 84 /87 274 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 Evaluacién de la Fonologia Espanola (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

EFE
Little PEEP
Stimulability
Language sample (Spanish)
Language sample (English)

Pre 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)

EFE
Little PEEP

Post Language sample (Spanish)
Language sample (English)
ICS

1 Month Post EFE
2 Month Post EFE

Note. EFE = Evaluacion de la Fonologia Espafiola (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, br, dr, fl, fr, gl, gr, kI, kr, pl, pr, tr, lj, Iw, rj, rw, mj, nj, nw, bj, fj, pj, sj, tj, r]
Jaime [br, dr, fr, gr, kr, pr, tr, lw, 1j, rw, bw, jw, r]
Marta [bl, br, dr, fl, fr, gl, gr, kI, kr, pl, pr, tr, lj, rj, mw, nj, nw, fj, iw, sj, ]
Roberto  [bl, br, dr, fl, fr, gl, gr, Kl, kr, pr, tr, lj, rj, mw, nw, bw, dw, fw, jw, 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.

131



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. /r/). Potential singleton
targets with multiple or complex gestures (i.e. /r/ and /{f/) 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 /gr/ and /br/ were selected for Jaime and
Diego, respectively. The target /I/ was selected for both Marta and Roberto’. Production
accuracy of each participant’s target did not vary more than 10% during baseline (McReynolds

& Kearns, 1983).

' Both participants with singleton targets were trained with /I/. 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.
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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.qg. 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,
/br/; for Roberto, the area around the nose was touched to remind him to produce his target /I/
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. “jasi es el nuevo sonido!”
[that’'s your new sound!]) or knowledge of performance (e.g. “la préxima 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.?

Table 6-5. Accuracy change in monitored clusters.

1 Month 2 Month
Name Target Pre Mid Post Post Post
/Kkl/ 0% (0) 0% (0) 20% (0.18) 0% (0) 0% (0)
Diego Inj/ 0% (0) 0% (0) 50% (0.35) 0% (0) 50% (0.35)
/nw/ 0% (0) 0% (0) 33% (0.27) 0% (0) 0% (0)
/bjl 0% (0)  33% (0.27) 0% (0) 33% (0.27) 0% (0)
[frl 0% (0) 33% (0.27) 0% (0) 0% (0) 0% (0)
Jaime kel 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)
/Kkl/ 0% (0) 0% (0) 20% (0.18) 0% (0) 0% (0)
/mw/ 0% (0) 0% (0) 33% (0.27) 0% (0) 33% (0.27)
Marta Inj/ 0% (0) 0% (0) 50% (0.35) 50% (0.35) 50% (0.35)
Ifjl 0% (0) 33% (0.27) 0% (0) 33% (0.27) 67% (0.27)
Isjl 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)
lpr/ 0% (0) 0% (0) 33% (0.27) 0% (0) 0% (0)

Note. Standard errors in parentheses.

2 |t 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.
PCC-R PCC-R

Name Target Baseline Intervention SMD Pre Post
Diego b/ 0.3% 3.2% 15 57.2% 64.9%
Jaime Igr/ 3.8% 20.0% 8.5 54.2% 59.8%
Roberto n 0.0% 1.5% 0.8 63.1% 67.1%
Marta n 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 [r, dw, kw, mj, nj, tj], Roberto added [bj,
fi, kj, mj, nj, pj, sjl, and Jaime added [v, r, 1, 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 [?], Roberto lost three non-ambient

consonants I, [, ts], and Jaime lost two non-ambient clusters [kel, $w] at their post sessions.
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Table 6-7. Phonetic and cluster inventories at pre and post sessions.

Name Pre Post
[p,b,t,d, k,g, m,n,nfv,s4,x [pbtdkgmnnfs,jxh,
D|ego hl 131 Ui Wl Ba Y1 61 Ia r1 J] U’ Wl Bl Yl 61 Il J]
[fw, sw, bw, pw, kw, tw] [fw, sw, bw, pw, kw, tw]
[p,b, t,th,d, k,g, mn,nfs dx [pbtthdkgmnnfvs,
. hl +’ tS’ W, B: Y! 67 I’ J] J'l X, +’ tS’ Uy W’ Bl Y, 6’ I’ r! J]
Jaime
[tw, kal, mw, mj, fw, fl, pw, pl, kw, [nw, mj, mw, fl, sj, fw, fj, dj, pw,
kj, kl] pl, K, tj, tw, kw, pj, Kj]
[p,b,t,d, k,g,?,mnn,fvs 4 [pbtdkgmnnfs,jxh,
Marta x,h,w,B,y,61ij w,B,Y, 0,1 r]j
[d], bw] [nj, mj, dj, dw, kw, tj]
[p,b,t,d, k, g, mn,nfvs[d [pbtdkgmnnfvs.ix
RObertO X’ B’ u" W’ Bl Y’ 6’ Il I’ r’ J] u'l W, B’ Y’ 6’ I, r’ 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

141



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 /br/. 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 /gr/. 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 /I/. 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 /I/. 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 & Enriquez, 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
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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. /bwl/, /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/, /pr/) 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.qg.
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 /I/. 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 /§/, /r/, 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. /br/,
/gr/) 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. /I/). 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-maijority 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, /-Ips/ 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 (/gr/, /br/) or singleton (/I/) 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—uwith 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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