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Both real words and non-words have been shown to induce phonological 

change in children with phonological delays; however, prior research on treatment 

efficacy has never directly compared real words to non-words. Thus, the first goal of 

this research program was to evaluate the role of word lexicality (i.e., word frequency) 

in effecting phonological change in children’s sound systems. Eight children with 

phonological delays (PD) were enrolled in a phonological treatment program; four 

were treated using high-frequency real words and four were treated using [low-
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frequency] non-words. Overall, children treated with real words demonstrated greater 

generalization of their treated sound to untreated words. These findings suggest that 

high frequency real words may be easier to access and produce than non-words.  

Phonological disorders may potentially be caused by impaired speech sound 

perception abilities, and vice versa. Thus, a second goal of this research program was 

to examine children’s brain responses reflecting sensory encoding (sensory event-

related potentials, ERPs) and attention-independent discrimination (mismatch 

negativity, MMN) of syllables containing sounds they could and could not produce. 

Five children with PD who completed the treatment study completed individually 

designed ERP paradigms prior to the beginning of treatment and at the completion of 

their treatment. Five typically developing controls (TD) completed identical ERP 

paradigms with a similar amount of time between sessions and no intervention. The 

amplitude of the auditory sensory P2 potential was enhanced in the children with PD 

post-treatment as compared with pre-treatment. Moreover, in contrast to the TD 

children who showed a robust discriminatory brain response (the MMN), children 

with PD revealed no clear MMN response prior to treatment, suggesting that they had 

difficulty making subtle distinctions involving their treatment sound. Post-treatment, 

the treated syllable elicited a large positivity in waveforms of the children with PD. 

This treatment positivity was interpreted as a less efficient discriminatory response, 

generated in deeper cortical layers. Thus, these findings suggest that children with PD 

may have abnormal sensory processing abilities.  

This research suggests that the words chosen for treatment, as well the 

perceptual processing of sounds, may affect clinical outcomes of children with PD. 



 

 

1 

INTRODUCTION 

 

The encoding of speech is a very complex process. Children must learn to 

segment a stream of speech sounds into individual words that can then be linked to 

meanings; but researchers are not certain how young children achieve this complicated 

task. Additionally, what a child knows about sounds may not be represented in his 

speech output, making it even more difficult for researchers to understand the process. 

Researchers in the field of phonology strive to address the discrepancies between 

sound knowledge and speech output and provide possible explanations for these 

differences. This knowledge can then in turn inform researchers and speech language 

pathologists who are striving to identify effective and efficient treatment of 

phonological delays. This dissertation addresses many issues related to phonology, 

phonological disorders, as well as other language and sensory systems. Thus, in order 

to fully understand the implications of the dissertation, a brief introduction is 

necessary. 

Generative Phonology. Generative Grammar is the standard framework on 

which most current linguistic theories are based. It has attempted to identify the 

mental processes associated with an individual’s language comprehension and 

production (Chomsky & Halle, 1968). Specific to this dissertation is one of Generative 

Grammar’s subsets, Generative Phonology (Chomsky & Halle, 1968; Kenstowicz & 

Kisseberth, 1979). Generative Phonology states that the language “noises” people 

make are the consequence of an innate set of complex, abstract principles. In other 

words, Generative Phonology identifies not only which sounds are present in a 

1 



 

 

2 

speaker’s phonological system, but also indicates how those sounds are used (Gierut et 

al., 1987). But what exactly is phonology? A child’s phonology (that is, grammar of 

sounds) describes how sounds function within his language(s). The number of 

contrastive sounds in the child’s grammar and the linguistic rules/constraints that a 

child knows determines a child’s phonological knowledge (Kenstowicz & Kisseberth, 

1979).  

Defining phonological terms. The phonological system can be thought of in 

terms of building blocks from which the meaning of language emerges. [Unless 

otherwise specified, the following definitions were adapted from Kenstowicz and 

Kisseberth, 1979]. A phone is the smallest identifiable sound unit found in a stream of 

speech that can be transcribed with an International Phonetic Alphabet (IPA) symbol. 

A phoneme, on the other hand, is the smallest contrastive unit in the sound system of a 

language; it is the minimal unit that serves to distinguish (meaning) between two 

words. For example, within the Generative Phonology tradition, a phoneme is defined 

by a set of distinctive features (Chomsky & Halle, 1968).
1
 A phoneme is manifested as 

one or more phones that can occur in different environments, and these phones are 

called allophones. In other words, an allophone is a phonetic variant of a phoneme in a 

particular language: For example, the [p] in “hop” and the [p
h
] in “pat” are allophones 

of the phoneme /p/ in English.  

Two kinds of sound inventories are often discussed when children’s sound 

knowledge and production are assessed. The phonetic inventory is a list of all the 

                                                
1
 For example, a consonant is identified by its manner and place of articulation, phonation, length 

(gemination), and airstream mechanism. A vowel is classified by its backness and height (within the 

oral cavity), lip rounding, rhoticization, phonation, nasalization, and length. 
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sounds a child produces in his speech, including those produced accidentally (that is, 

non-target-appropriately). Importantly, the sounds in the phonetic inventory are not 

restricted to the child’s native language; they can also be sounds found only in 

languages outside the child’s target language (e.g., Dinnsen, Chin, Elbert, & Powell, 

1990). Alternatively, the phonemic inventory is a more specific list of sounds, in that it 

only includes the phonemes that are used contrastively by the child (e.g., the child 

knows that tall and doll are two different concepts, and accordingly uses /t/ and /d/ in a 

contrastive manner). As with the phonetic inventory, the phonemic inventory of a 

child’s sound system may include phonemes found only in languages outside his 

target language (e.g., Gierut et al., 1994).  

Phonemes are the individual sounds in a language, but in order to be 

meaningful, they must be combined together into morphemes. Morphemes are the 

minimal meaningful units that comprise words, and eventually sentences. They can be 

lexical (e.g., “house,” “run,” “in”) or grammatical (e.g., “-s” (“cats”), “-ing” (“going”), 

“-ed” (“slapped”)). Finally, the morphemes must be mentally stored somewhere, and 

this occurs in the lexicon. The lexicon is a list-like device in which each entry 

describes an arbitrary collection of linguistic properties that can describe a 

morpheme’s behavior.  

Phonological representations. Within the theory of Generative Phonology, it 

is assumed that all utterances, and the morphemes composing them, have both an 

underlying representation (UR) and a surface (phonetic) representation (SR; 

Kenstowicz & Kisseberth, 1979). The UR contains the idiosyncratic information about 

the phonemes that make up the constituent morphemes of the utterance while the SR is 
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composed of both the idiosyncratic information plus the predictable information about 

the pronunciation of the utterance. These two representations are linked by one or 

more phonological rules or constraints that can derive the predictable features of 

pronunciation found in the phonetic representation of each morpheme. The rules or 

constraints are an integral part of Generative Phonology since their utilization reduces 

the complexity and redundancy of the language.
2
 The language is less complex 

because all the phonological regularities are extracted and described by the rules or 

constraints; not every detail about every word must be stored in the lexicon.  

While it is possible that the phonological representations children create for 

production are the same as what they perceive, that may not be the case. It has been 

hypothesized that children have separate phonological representations for perception 

and production (e.g., Menn & Matthei, 1992; Bernhardt & Stemberger, 1998). 

Specifically, a perceptual representation can represent the auditory characteristics 

associated with words a child comprehends while an articulatory/production 

representation can contain information relevant to speech production. Thus, a mature 

phonological system is one in which the perceptual and productive representations are 

adequately specified and linked for adequate production. However, this maturation 

                                                
2
 Some subsets of Generative Phonology have accounted for the difference between the UR and SR 

with derivations, in which intermediate levels of representation are operated on by rules - eventually 

resulting in the visible SR (e.g., Chomsky & Halle, 1968). Another subset of Generative Phonology is 

the nonderivational Optimality Theory (OT), which assumes linguistic constraints, as opposed to rules, 

are responsible for the mapping between the UR and SR (e.g., Prince & Smolensky, 1993; McCarthy & 

Prince, 1994). The constraints, which are assumed to be innate (and therefore universal), are ranked in a 

manner that determines the SR output. Thus, instead of applying rules in a serial order to reach the SR, 

a SR in OT is considered optimal when it best satisfies the constraint ranking (Barlow & Gierut, 1999). 
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may not yet have occurred in children with phonological delays (McGregor & 

Schwartz, 1992). 

Children with phonological delays. When a child has a phonological delay, 

there is a failure by the child to use speech sounds that are age and dialect appropriate. 

Specifically, children with phonological delays have difficulty producing, using, and 

integrating sounds of the target system (Gierut, 1998). A phonological delay is not 

simply a lack of control of the speech articulators; it is impairment in acquiring the 

phonology of a language. Generally, a phonological delay can affect a speaker’s 

production and/or mental representation of speech sounds. Specifically, a phonological 

delay may be phonetic in nature, meaning that the difficulty lies in how sounds are 

produced, thereby involving a motoric component; or they may be phonemic in nature, 

implying that the delay may have a cognitive or linguistic basis, thereby affecting how 

speech sound information is stored, represented, and retrieved in the phonemic 

inventory (Gierut, 1998).  

If children have separate representations for surface phonological forms and 

underlying phonological forms, this implies that phonological errors may occur at both 

levels, with surface-level errors being attributed to misapplication of phonological 

rules/constraints and incorrect underlying representations being attributed to the 

inaccurate perception and representation of auditory input (McGregor & Schwartz, 

1992). Thus, it is possible that children with phonological disorders may have 

problems forming perceptual and/or productive phonological representations. As a 

result, children may have difficulties at different levels of phonology, from perceiving 

sounds to forming the cognitive representations of those sounds in words to the actual 
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articulation of the sounds. Nevertheless, the sound errors produced by children with 

phonological delays are generally systematic (Ingram, 1989). For example, whole 

sound classes (e.g., fricatives, such as /s/) can be replaced by different sound classes 

(e.g., stops, such as [t]). Additionally, multiple sounds are typically produced in error. 

A child who has difficulty accurately producing a single sound (e.g., /®/) is generally 

not considered to have a phonological delay. 

Children with phonological delays typically have normal hearing, intelligence, 

and social, emotional, and behavioral skills; however, many do not have age-

appropriate receptive and expressive language skills. However, many children with 

phonological delays also have early bouts of otitis media, perceptual deficits, and/or 

disfluency (Gierut, 1998). It has been reported that 50-70% of children with 

phonological delays have general academic difficulty throughout high school, with a 

reported relationship between the phonological delay and reading, writing, spelling, 

and math abilities (Gierut, 1998). Children who receive treatment for their 

phonological delay have better long-term social, academic, and communicative 

prognoses than those who do not receive treatment (see Gierut, 1998, for further 

description of this population). 

Layout of the dissertation. With this general idea of phonological theory and 

phonological disorders, the reader is better prepared for the forthcoming discussion. 

The purpose of this dissertation was to examine language and sensory system 

interactions in children with phonological disorders. More specifically, it examined 

the speech sound system interactions from both bottom-up (i.e., perceptual encoding 
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and discrimination) and top-down (i.e., lexical) perspectives, and the theoretical and 

clinical implications are discussed. Chapter One sets the stage by applying the 

connectionist spreading-activation model (e.g., Dell, 1986; Dell & O’Seaghdha, 1991) 

to children who are known to not have standard, adult-like sound systems. Chapter 

Two describes the characteristics of the children with phonological delay and the 

healthy age-matched control children who were involved in the present dissertation. 

Chapter Three discusses in detail the treatment program developed for the children 

with phonological delay. This program was designed to address top-down processing 

in treatment and to investigate how manipulating lexical characteristics of words may 

influence phonological production. Chapter Four examines the perceptual processing 

abilities of (the same) children with phonological delay as they compare to age-

matched control children. Specifically, it examines the underlying neural patterns 

associated with phoneme encoding and discrimination and shows how those patterns 

change (for the children with phonological delay) due to treatment. Chapter Five 

concludes the dissertation by discussing the theoretical and clinical implications for 

this work, as well as laying out a plan for future research to address questions left 

unanswered by the current research program. 
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CHAPTER 1 

Top-down and bottom-up processing in children with phonological delay  

 

In order to provide efficient and effective treatment to children with 

phonological delays, it is necessary to understand how they perceive and produce 

speech sounds, and to identify what factors can lead to positive phonological change. 

Connectionist models are commonly used to simulate cognitive tasks (Rumelhart, 

McClelland, & the PDP research group, 1986), which make them an ideal tool to use 

when examining and describing speech and language processing in young children. 

While fully describing connectionist models is beyond the scope of the current 

chapter, understanding a few basic details are important. As described by Baker, 

Croot, McLeod, and Paul (2001), connectionist models are essentially computer 

programs that specify the activity and layout of many simple processing units arranged 

in a network. These units are often called nodes and, while they are abstract, their 

operation is based on the functions of neurons in the brain. The models are called 

connectionist because of the interconnected network of nodes they contain. They are 

often referred to as neural networks because they are thought to function in a way 

similar to how neurons function together in the brain (Plaut, 1995). Just as neurons 

sum electrochemical impulses received at their dendrites and transmit them along their 

axons, the nodes in a connectionist model receive activation from, and send activation 

to, other nodes with which they are connected (Baker et al., 2001). Moreover, 

activation can spread across related nodes, increasing or decreasing the related nodes’ 

activation levels.  
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1.1 THE SPREADING-ACTIVATION MODEL 

One prominent connectionist account detailing the relationship between 

phonological, lexical, and semantic representations is the spreading-activation model 

of Dell (e.g., 1986; Dell & O’Seaghdha, 1991). This model distinguishes among 

semantic units, lexical (i.e., word) units, and phonological segment units, all of which 

are organized into a single network. The different levels of units are connected and 

allow for a bidirectional spread of activation, with an activated lemma/word unit 

activating both phonological units (i.e., top-down processing) and semantic units (i.e., 

bottom-up processing). Dell and O’Seaghdha’s (1991) model was used to simulate 

naming: The semantic feature layer was the input layer (as naming is assumed to begin 

with semantic processing) and the phonological segment layer was the output layer 

because the model’s task was to choose phonological segments representing the form 

heard in human speech.  

While Dell and O’Seaghdha (1991) did not simulate the reverse pattern of 

spreading activation necessary for word perception/recognition, it is hypothesized that 

it would work in the same manner (Baker et al., 2001). Specifically, the phonological 

segments corresponding to an auditory word form would be activated first, and the 

network would choose the appropriate semantic features necessary for “recognition”. 

Since this is an interactive model, the activation spreads continuously and 

bidirectionally, with phonological units becoming active during lemma/word access 

and semantic units becoming active during phonological access. As a result, word 

selection is influenced by phonological information, and phonological segment 

selection is affected by semantic and other nonphonological information (Dell & 
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O’Seaghdha, 1991). Importantly, the spreading-activation model (e.g., Dell, 1986; 

Dell & O’Seaghdha, 1991) does not assume that a single phonological representation 

is used in both perception and production of words. Instead, since the model is 

interactive in both top-down and bottom-up processing, what phonological segments 

are selected for word production may not necessarily be the same phonological 

segments identified during word perception and recognition.  

The activation levels of the individual phonological segments may vary due to 

their accessibility in the network. In terms of top-down processing, a child may have a 

strong/intact semantic representation that activates a lexical item; however, some of 

the phonological segments comprising the [adult] lexical representation may not have 

any, or enough activation, in order to be selected for production. Why exactly the 

sound production of children with phonological disorders is impaired is not known. It 

is possible that the phonological segments of the lexical representation are difficult to 

access due to lexical properties of the word, the child has not yet mastered certain 

phonetic features of the sound, and/or the child has atypical phonological 

rules/constraints that dictate what sounds can be used in what word positions, and so 

forth. In any case, the child does not select certain phonetic segments and his sound 

production does not match his underlying lexical representation or the ambient adult 

production.  

Alternatively, bottom-up processing begins with the perception of speech 

sounds. At this level, it is possible that a child with phonological delays may not be 

able to perceive the fine-grained phonetic distinctions between different speech 

sounds. As a result, some of the phonetic features that distinguish speech sounds may 
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not be encoded (i.e., spectral information, such as voicing, articulator placement, 

manner of production). This inaccurate perception of the phonetic segments can then 

lead to an inaccurate lexical representation. The underlying semantic representation 

would be the same as that created by an intact perceptual system, however; the 

meaning does not change, even if the lexical and phonological forms are different. 

Thus, the perceptual segment layer of the spreading-activation model has strong ties 

specifically with the lexical layer. The lexical representation may be consistent with 

that of healthy adults, but the breakdown may occur at the phonological segment level 

and result in inaccurate production of words. Thus, the encoding of phonological 

segments, and specifically certain phonetic features, may be impaired in children with 

phonological delays. Poor perceptual processing would then spread up to the lexical 

layer, and could result in inaccurate lexical representations. 

In sum, Dell and O’Seaghdha’s (1991) model of language perception, 

comprehension, and production states that there is a complex and continuous 

interaction between semantic, lexical, and phonological representations, with each 

representation influencing the other. It addresses top-down processing: Semantic 

features access lexical representations that are used to access specific phonological 

segments used in production. It also addresses bottom-up processing: The perception 

of individual phonological segments activates whole words (i.e., lemmas), which are 

then used to activate semantic representations. The difference between the input and 

output forms emerges from the way activation spreads within the network as a whole 

(Baker et al., 2001). The present study addresses both the bottom-up and top-down 

predictions of the spreading-activation model (e.g., Dell, 1986; Dell & O’Seaghdha, 



 

 

12 

1991) as it relates to children with phonological delays learning to perceive and 

produce specific speech sounds. 

1.1.1 The present dissertation: Top-down processing. Following the 

connectionist claims of the Dell and O’Seaghdha (1991) model, the lexicon and 

phonology must interact. A more specific, but also more restricted, connectionist 

model specifically addresses the phonological/lexical interaction in children with 

phonological delays: the two-representation model of spoken word processing (e.g., 

Gupta & MacWhinney, 1997; Luce, Goldinger, Auer, & Vitevitch, 2000; Storkel & 

Morrisette, 2002). It is important to note that the spreading-activation model and the 

two-representational model are not contradictory in their claims; in fact, they are quite 

complementary to each other. Within the connectionist two-representation model, the 

lexical representation corresponds to a word as a whole unit, while the phonological 

representation corresponds to the individual sounds or sound sequences that make up 

the word. For example, in the word “sit”, the lexical representation is /sIt/, while the 

phonological representations are /s/, /I/, and /t/. The lexical representation may play 

a role in how words are perceived and produced, while the phonological representation 

may affect how a (spoken) word is processed. Thus, the two different types of 

representations can interact with each other. Similar to the spreading-activation model 

(Dell, 1986; Dell & O’Seaghdha, 1991), the two-representational model takes into 

account both top-down and bottom-up processing of language. 

As described by Storkel and Morrisette (2002), within the context of the two-

representation model, both types of representations can be activated independently, 
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and affect the activation of the other type of representation (e.g., hearing (the sounds 

of) a word can activate the lexical representation associated with that word and vice 

versa). In order for a word to be recognized or activated, it must reach a certain 

activation threshold before one can become consciously aware of the representation. 

Every representation has a resting threshold, which is the initial level of activation the 

representation has prior to receiving activation via hearing or thinking of the word. 

When a representation is activated frequently, its resting threshold is thought to be 

higher than that of those representations that are activated less frequently.  

 Thus, a lexical representation can affect what type of phonological 

representation is accessed and vice versa. In the same vein, establishing and accessing 

a lexical representation may affect how a phonological representation is initially 

established. Following this rationale, the type of lexical representation used in the 

treatment of phonological disorders may affect what type of learning and/or 

generalization occurs during the creation of a phonological representation. 

Specifically, in development, children must learn the words of a language and extract 

the relevant phonological characteristics of those words (Storkel & Morrisette, 2002). 

Therefore, understanding how the lexical characteristics of words affect phonological 

development is prudent to providing the most effective form of treatment to children 

with phonological delays.   

Both Dell and O’Seaghdha’s (1991) spreading activation model and Storkel 

and Morrisette’s (2002) two-representation model predict that an optimal lexical 

representation will allow for easy access of a productive phonological representation 

(i.e., top-down processing). The present study addressed this prediction in a speech 



 

 

14 

treatment program for children with functional phonological delays, described in detail 

in Chapter 3. Specifically, the lexicality of words used in treatment was manipulated 

across treatment conditions, with some children treated with high-frequency real 

words, while other children were treated with non-words that were (by definition) low 

in frequency. The control of one specific lexical characteristic of words (i.e., word 

frequency) is necessary and useful in expanding our understanding of phonological 

delay. Learning how word frequency affects phonological production accuracy can 

inform how disordered phonological production can be remediated in treatment. 

1.1.2 The present dissertation: Bottom-up processing. It is possible that, in 

addition to their poor speech production abilities, children with phonological disorders 

also have poor perceptual skills, which potentially lead to inaccurate perceptual 

phonological representations. Indeed, evidence from children with perinatal focal 

brain lesions suggests that accurate speech and language production relies on 

appropriate perception of the input (Bates & Roe, 2001). Moreover, Rvachew and 

Jamieson (1995) have suggested that children with phonological delays have 

[perceptual] knowledge deficits at the level of phonemic detail and/or at the level of 

phonemic contrasts. 

Based on Dell and O’Seaghdha’s (1991) model, having poor perceptual 

phonological representations will in turn lead to inaccurate lexical representations (i.e., 

bottom-up processing). For example, if a child does not perceive the difference 

between /w/ and /®/, then that child may only have one lexical representation for 

words in the target system that are minimally contrastive for those two phonemes 
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(e.g., for the objects wing and ring, only [wiN] is stored). Thus, it is important to also 

address any potential perceptual limitations that children with phonological delays 

may have.  

Nevertheless, it is often very difficult to assess perceptual abilities, as most 

assessment measures require some sort of productive output, which in its inherent 

design has an articulation confound. In an effort to avoid this confound, the present 

study addressed the bottom-up processing of speech sounds using an 

electrophysiological tool that is largely free of behavioral confounds such as memory 

and cognition, not to mention production: event-related potentials (ERPs), described in 

detail in Chapter 4. Considering that it has been proposed that speech perception 

problems arise, at least in some cases, from faulty representation of the speech signal 

in the central auditory processing centers (Kraus, 2001), ERPs are one of the best tools 

to address biological differences in speech sound perception with very exact temporal 

resolution. Specifically, the processing of sounds that children with phonological 

delays could and could not produce were examined prior to treatment, as well as after 

treatment was completed, in an attempt to examine neurophysiological changes that 

occurred in conjunction with treatment. Understanding how children with 

phonological delays perceive phonological segments has large implications for the 

assessment of children’s phonological knowledge, administration of treatment, 

evaluation of treatment effectiveness, and measurement of learning in general. 
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CHAPTER 2  

Participants 

 

Two groups of children participated in the dissertation research program. One 

group, the children with functional phonological delays, participated in both the 

treatment experiment and the event-related potential (ERP) experiment. The second 

group, the age-matched typically developing children, did not participate in the 

treatment experiment, as they did not have phonological delays and did not need 

speech treatment intervention; however, they served as age-matched controls to the 

children with phonological delays in the ERP experiment. The participant groups are 

described in detail in the following sections. The separate experiments are presented in 

Chapters Three and Four. 

  

2.1 PARTICIPANT RECRUITMENT 

The children were recruited to participate in the study through a variety of 

means, including referrals from the San Diego State University Communications 

Clinic; public announcements to area schools, churches, public heath facilities; as well 

as distribution of fliers through pediatrician offices and preschools.  

Once a parent expressed an interest in participating in this research program, 

the clinician contacted them for a phone interview. The phone interview served as a 

screener to determine whether or not a child would qualify for the research program. 

Children who did, and did not, have trouble producing speech sounds, had normal 

16 
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hearing, had no other language difficulties, and appeared to be functioning at normal 

developmental levels were eligible to participate in further screening measures.  

With written permission (Institutional Review Board consent forms approved 

by both San Diego State University and the University of California, San Diego) from 

the child’s parents, the clinician completed a formal battery of screening measures to 

determine if each child met all the research program criteria (see below for more 

details). If these criteria were not met, the child was not be eligible for this research 

program, but when applicable he/she was referred to other appropriate speech, 

language, hearing, or cognitive services. Indeed, while 17 parents contacted the 

clinician regarding their child’s possible phonological delay, only 8 met the full 

criteria for inclusion in the research program. If the child did meet the research 

program criteria, parents were given a written description of the research program, 

which included the purpose, procedures, risks and benefits to the child, time 

commitments, and incentives. Parents were informed that they could withdraw their 

child from the research program at any time for any reason. All children, 

phonologically delayed and typically developing, completed the entire research 

program. Duration of each child’s participation in the program ranged from 4 to 7 

months.
3
 

 

2.2 PARTICIPANT DESCRIPTION 

                                                
3
 A variety of predicted and unpredicted situations arose during the research program that lengthened 

some children’s participation time. Traditional holidays and family vacations were predictable; 

however, sudden illness (e.g., during a treatment session), as well as the 2007 San Diego Wildfires, 

presented unscheduled delays in the administration of treatment for some children. 
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2.2.0 Overview. Briefly, 13 English monolingual children were recruited over 

the 1.5-year research program. Eight children (7 male), ages 3;0 to 6;9, were 

diagnosed with a functional phonological delay (PD) and 5 children (5 male), ages 3;0 

to 6;11, were identified as typically developing age-matched controls (TD). Note that 

three of the children with PD did not have TD controls (PD6_EP, PD8_NN, and 

PD11_JB). This distribution of TD controls was obviously not ideal; due to the 

difficulty in recruiting appropriate TD controls and the time constraints of the 

dissertation, recruitment had to close. It is anticipated that prior to publication of any 

of the subsequent findings, more PD and TD children will be recruited to complete the 

research program. Thus, the following results are pilot data to be used for future 

research grant applications necessary to fund the recruitment, testing, and data analysis 

of more participants. 

All children displayed normal hearing, age-appropriate cognitive and other 

language abilities, and no organic or motor disorders. Additionally, the PD children 

displayed multiple errors on English consonants. The requirements for group inclusion 

are described in more detail below. 

2.2.1 Research program criteria for all children. The following criteria were 

set for all participants in the research program: 

1) All children were monolingual, growing up in monolingual English-speaking 

homes. This controlled for language-specific differences. 

2) All children exhibited normal hearing as determined by standard audiometric 

screening (American National Standards Institute, 1991), in order to control for 

differences related to perception of sounds. 



 

 

19 

3) All children had normal overall development as determined by a case history 

interview with the parents. This controlled for general cognitive or motoric 

involvement with speech difficulties. 

4) No child exhibited any evidence of apparent organic anomalies of the speech 

mechanism, as determined by an oral motor examination protocol developed by 

Robbins and Klee (1987). This controlled for motoric involvement with speech 

difficulties. 

The Leiter International Performance Scale – Revised (Leiter-R; Levine, 1997) 

was administered in order to control for general cognitive involvement with speech 

difficulties. Twelve of the children showed no evidence of any global cognitive delays 

as established by scores greater than the 20
th
 percentile on this test. 

In order to control for other linguistic involvement with speech difficulties, the 

following measures of expressive and receptive language also were administered to all 

participants: (a) the Peabody Picture Vocabulary Test-III (PPVT-III; Dunn & Dunn, 

1987) and (b) the Test of Early Language Development – 3 (TELD-3; Hresko et al., 

1999). Twelve of the children showed no expressive or receptive language 

impairments, as determined by scores greater than the 20
th

 percentile on these 

standardized measures. 

As indicated, two of the children with phonological delays performed below the 

20
th

 percentile on the above-mentioned measures. One child, PD2_JG, received low 

scores on both the TELD-3 Receptive (9
th
 percentile) subtest, as well as the overall 

language measurement, the TELD-3 Spoken Language Quotient (10
th
 percentile). It 

has been reported that up to approximately 60% of children with speech sound 
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disorders (i.e., phonological delay and/or articulation problems) also have some type 

of language disorder (Shriberg & Austin, 1998). Because of this, having one child in 

the sample with a possible concomitant language delay fits the overall profile of 

children with phonological delays. Another child, PD10_DT, received a low score on 

the Leiter-R nonverbal assessment (9
th

 percentile). It must be noted that during the 

nonverbal assessment, DT’s attention, patience, and willingness to participate were 

suspect, which may have impacted his final test score. The impact these low scores 

may have had on these two children’s performance will be discussed as relevant to 

each experiment. These two children were included in the present study because it is 

important for treatment to generalize not only across homogenous samples of children, 

but also across heterogeneous samples of children with potentially concomitant 

disorders. Regardless, the results of each child are presented individually and the 

influence of these potential concomitant disorders is discussed.  

2.2.2 Additional research program criteria for children with functional 

phonological delays. In addition to the preceding criteria, the children with PD were 

also to ideally meet all of the following criteria in order to be included in the research 

program.  

1) Following Gierut et al. (1996), all children with PD had to score below the 10
th
 

percentile on the Goldman-Fristoe Test of Articulation-2 (GFTA-2; Goldman & 

Fristoe, 2000), which provided quantitative evidence of a phonological delay. 

2) Following Gierut et al. (1996), all children with PD had to exclude a minimum 

of 5 target English sounds from their repertoire of sounds. This allowed for an 
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evaluation of the effectiveness of treatment on a variety of sounds excluded 

from children’s inventories prior to treatment. 

3) No child with PD had received speech and/or language intervention for at least 

6 months. Preferably, no child had received any prior intervention. This 

controlled for external influences on progress due to treatment in the present 

research program. 

Due to the time constraints of the dissertation, however, some of the children 

classified as PD did not meet all of these criteria. Specifically, 4 of the children with 

PD had GFTA-2 scores above the 10
th
 percentile (PD13_LA (14

th
 percentile); PD6_EP 

(21
st 

percentile); PD8_NN (25
th
 percentile); PD15_MC (29

th
 percentile)). One of the 

children did not exclude at least 5 target sounds from his sound inventories 

(PD10_DT), though he did meet the 10
th

 percentile criterion due to his entrance age. 

Two children had received some previous speech intervention prior to entering the 

research program (PD8_NN was treated for “prosody” delays per parental report; 

PD11_JB had received minimal group speech treatment through a school program). 

PD11_JB had not received treatment for 3 months prior to entering the study and did 

not resume treatment with his school speech-language pathologist until 1 month after 

completing his final 2-month post-treatment evaluation session (described more fully 

in Chapter 3). One other child (PD2_JG) had received early language intervention 

(due to his young age), but that treatment did not specifically focus on speech 

production and instead addressed his early communication needs. Thus, just one child, 

PD1_BT, met all the ideal criteria for the research program; however, the variability in 

subject characteristics does not necessarily mean that the following research findings 
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are invalid. Instead, the variability just creates more potential caveats that must be 

discussed and researched further before final judgments are made.  

In sum, all of the age-matched TD control children fell within normal limits on 

all of the speech, language, hearing, and cognitive assessments. Two of the children 

with PD had scores below normal limits on the language and/or cognitive assessments. 

Many of the other children with PD did not meet all of the ideal requirements for 

children with phonological delays; however, their speech was still functionally 

impaired and their intelligibility to both familiar and unfamiliar listeners was 

impacted, as based on parent reports.  

Basic speech, language, and nonverbal cognitive assessment information for all 

of the children is presented in Table 2.1. Note that each child with PD is listed in the 

far left column, with his/her age-matched TD control listed in the row beneath.  
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CHAPTER 3 

Experiment 1:  

Real word and non-word treatment of phonological delay 

 

3.0 EXPERIMENT INTRODUCTION 

3.0.1 Identifying the problem: the real word vs. non-word treatment 

debate. The structure and organization of the phonological representations of children 

with phonological delays have been of great interest to both linguists and speech-

language pathologists working with this population. Understanding how children 

create, store, and access their phonological representations is important to planning 

and conducting effective intervention plans; however, the perception, comprehension, 

and production of language are complex processes that rely on the interaction between 

language systems (e.g., phonology, lexicon, semantics, syntax, pragmatics) to 

facilitate successful communication. As a result, it is not necessarily optimal to focus 

only on how sounds emerge in a language (e.g., Dinnsen et al., 1990; Smit, Hand, 

Freilinger, Bernthal, & Bird, 1990, Stoel-Gammon, 1985). It is also important to take 

into account the interaction of phonology with other language domains.  

Recall, as described in Chapter One, the spreading-activation model of Dell 

and O’Seaghdha (1991) necessitates that the lexical and phonological systems interact 

in order to perceive, comprehend, and produce language. More specifically, following 

the assumptions of the two-representation model of word processing (e.g., Gupta & 

MacWhinney, 1997; Luce et al., 2000; Storkel & Morrisette, 2002), manipulating the 

lexical and/or phonological characteristics associated with a word can enhance 

24 
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phonological awareness and subsequent phonological acquisition. Taking into account 

the lexical characteristics of a word (e.g., word frequency), as well as its 

corresponding phonological properties, can generate change in a child’s phonological 

system. Thus, using words that are more frequently encountered or meaningful to a 

child may induce greater phonological change than using unfamiliar or non-words 

(though this remains to be tested). Perhaps real words induce greater phonological 

change due to their lexical nature. That is, the additional linguistic (e.g., semantic, 

syntactic, pragmatic) information associated with a real word, the frequency of 

occurrence of a word in both spoken and written English, as well as the patterns and 

combinations of sounds that make up the words may all enhance a child’s performance 

in treatment.  

Alternatively, the above factors may also hinder a child’s treatment 

performance due to his previous experiences with a specific sound in specific words 

(e.g., /s/ in “sand” is produced as [t] as in [tænd]). For example, a child may have a 

“frozen” phonological representation (Bryan & Howard, 1992) for a word, in which 

case the child’s production of a sound in the “frozen” word might not change with 

treatment, even if his ability to produce that same sound in other words does improve. 

These “frozen” words could unintentionally and negatively affect the overall outcomes 

of treatment. To avoid the potential biases associated with life experience and 

semantics (Leonard, Newhoff, & Mesalam, 1980), phonotactically possible non-words 

have been used in phonological remediation instead (e.g., Bryan & Howard, 1992; 

Gierut & Morrisette, 1998; Gierut, Morrisette, & Champion, 1999; Storkel, 2001). By 

presenting children with entirely new sound combinations (i.e., nonsense words) more 
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change in a child’s sound system could occur because the child will not have had any 

prior experiences with the treatment words. 

Both real words and non-words have been used effectively in the treatment of 

phonological delays (e.g., Morrisette & Gierut, 2002; Storkel, 2001); yet, a direct 

comparison of the two types of treatment targets has not been addressed. The best 

comparison thus far has been a retrospective evaluation of archival treatment data of 

children with phonological delays that examined the effects of treatment with real 

words or non-words (Martin & Gierut, 2004). Interestingly, non-words promoted 

greater phonological change than did treatment with real words; however, the 

lexicality of the treatment words was not controlled in this study, since Martin and 

Gierut’s analyses were done post-hoc on data from many different studies with 

different research questions. It is possible that a direct comparison would reveal that 

both types of words are equally able to elicit phonological change in children with 

phonological delays, but it is also quite possible that when the word types are tightly 

controlled, differences will be observed. There are many different word properties that 

need to be controlled for in order to determine what word type may be a more ideal 

treatment option: semantics, neighborhood density, phonotactic constraints, 

phonotactic probability, and word frequency. We consider each of these properties in 

turn. 

3.0.2 Semantic Representations. Real words always have a linked semantic 

representation while non-words do not necessarily have a linked semantic 

representation. It could be argued that non-words are potential real words that a child, 

or adult, has not yet learned. Thus, a non-word could be a true non-word, such as 
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“toma”, that is not included in any established/published dictionary, but it could also 

be a word from the Graduate Record Exam (GRE; Educational Testing Service) 

vocabulary test that is actually a word, but just is so uncommon, most people do not 

know it. Moreover, it is very common to teach novel words to young children by 

associating the new words with objects (e.g., Campbell & Namy, 2003; Woodward & 

Hoyne, 1999). In such word-object mapping situations, non-words are given a 

meaning via their association with an object; thus, they essentially turn into real words 

as far as the child is concerned. Therefore, it is quite possible for both real words and 

non-words to have associated semantic representations.  

The semantic properties of words have been shown to have an effect on 

children’s speech. Bryan and Howard (1992) reported a case study of a 5-year-old boy 

whose phonological productions were guided by the meaningfulness of the context. 

When asked to pronounce words of which he had lexical knowledge, his phonological 

forms were very distant from the adult forms of the words (e.g., “arm” [vaI], “snake” 

[daI]). On the other hand, the child could imitate a wide variety of single sounds and 

strings of sounds with a larger inventory of phonemes, as long as the stimulus was 

meaningless or a word for which he did not have a lexical representation. Bryan and 

Howard argued that this child’s phonological development (as demonstrated by his 

ability to produce non-words) did not apply to his productive lexical vocabulary. 

Based on these observations, Bryan and Howard (1992) suggest that non-word 

treatments for children with phonological delays may be advantageous.  
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3.0.3 Neighborhood Density. Another potential difference between real words 

and non-words is the neighborhood density associated with each word. Word density 

is related to the phonological similarity of words. If a word comes from a dense 

neighborhood, many other words are similar in phonological structure to it (e.g., “cat”: 

“hat,” “fat,” “sat,” “bat,” “mat,” “cash”, “can”, “kit”, “cot”). That is, words from dense 

neighborhoods are composed of highly probable sound sequences, since they are 

present in many other words. On the other hand, a word from a sparse neighborhood 

will have a phonological structure similar to few, if any, other words (e.g., “orange”). 

In other words, the probability of sounds or sound sequences in a word (i.e., 

phonotactic probability) is related to neighborhood density, though it is technically a 

different word property; this will be discussed in more detail in the following section, 

Section 3.0.4.  

Indeed, one of the oldest forms of speech (articulation) therapy utilizes words 

from dense neighborhoods (i.e., minimal pairs) to contrast one phoneme with another 

(e.g., Blache, Parson, & Humphreys, 1981; Van Riper, 1978). Yet, Luce and Pisoni 

(1998) claimed that words from high-density neighborhoods inhibit lexical processing. 

They observed that the more similar words were to each other, the less accurately and 

more slowly children recognized them. Moreover, Morrisette and Gierut (2002) 

observed that high-density words did not induce phonological learning during 

treatment of phonological delay. Regardless of the treatment outcomes, real words and 

non-words do not necessarily need to differ in terms of neighborhood density. With 

enough control, non-words can be created to be either high, or low, in density, thus 

making them comparable to real words. 
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3.0.4 Phonotactic Constraints and Phonotactic Probability. Two 

phonological factors that can also be controlled across real and non-words are 

phonotactic constraints and phonotactic probability. Phonotactic constraints are 

restrictions on a given (child’s) sound system that determine the set of sounds that 

occur in production, context-conditioned limitations in sound occurrence, and co-

occurrence of sounds (Dinnsen, 1984; Elbert & Gierut, 1986). In terms of the phonetic 

inventory, the phonotactic constraints define which sounds a child produces (i.e., IN 

sounds) and which sounds are not produced (i.e., OUT sounds).  

Phonotactic probability refers to the likelihood of a sound sequence 

occurrence, differentiating common sound sequences from those that are rare. To 

explain further, common sound sequences contain individual sounds that occur in 

many other words in the same position (e.g., “sit”: initial /s/, medial /I/, and final /t/) 

while rare sound sequences contain sounds that infrequently occur in other words in 

the same position (e.g., “these”: initial / /, medial /i/, and final /z/). It is possible to 

create/identify non-words that are comparable to real words in terms of both 

phonotactic constraints and phonotactic probability. The same sounds (IN or OUT) 

can be used in selecting real words, and creating non-words, thus balancing the 

phonotactic constraints. In a similar manner, once the phonotactic probability of 

selected real words has been determined (typically via an on-line calculator, e.g., 

Vitevich & Luce (2004); http://www.bncdnet.ku.edu/cgi-bin/DEEC/post_ppc.vi), a 

similar probability for the non-words can be created. 
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While phonotactic constraints and phonotactic probability can be controlled for 

in both real words and non-words, one type of word may still be a more viable 

treatment candidate. Both real words and non-words have been used to address at least 

one of these factors (phonotactic constraints), but the two word types have not been 

directly compared. In a test of real word phonotactics, Gierut et al. (1987) designed a 

treatment study for children with phonological delays that manipulated sound 

treatment based on children’s productive phonological knowledge (i.e., phonotactic 

constraints). The six children were divided into two groups, with three children 

assigned to treatment with sounds for which they had good phonological knowledge, 

and the other three were treated with sounds for which they did not have good 

phonological knowledge. Each child was also assigned a set of minimal pair words to 

be used in treatment. For example, if a child produced [h] for /s/, treatment would 

involve words such as “he” vs. “see” or “hand” vs. “sand”.  

Gierut and colleagues (1987) found that the children who received treatment 

on sounds for which they had the most knowledge (i.e., IN sounds) only showed 

limited generalization – specifically to treated and related sounds. On the other hand, 

the children that were treated with sounds for which they had no, or limited, 

phonological knowledge (i.e., OUT sounds) were able to show widespread 

generalization – to treated, related, and unrelated sounds. Thus, having prior 

knowledge of a sound and how it was produced in one word did not appear to help 

children generalize its production in new word situations. In other words, the least-

known sounds induced the greatest amount of generalization across sounds (see also 

Williams, 1991). Perhaps this better performance with least-known sounds was 
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because the children did not have prior hypotheses of how the target sounds should be 

used, and where they should be used. In other words, they had not yet developed bad 

habits associated with those sounds and thus their production of those sounds was the 

easiest to mold. (See Brière, 1966, for discussion of a comparable acquisition pattern 

for second-language learners.) 

In a manipulation of non-words, Storkel (2004a) designed a word-learning task 

that involved both phonotactic constraints and phonotactic probability. Young children 

with phonological delays were taught non-words that were associated with categories 

of objects. To examine the interaction of phonotactic constraints and probability, the 

non-words were broken into four categories: IN-Common, IN-Rare, OUT-Common, 

and OUT-Rare sound sequences. Surprisingly, non-words composed of OUT sounds 

were learned more rapidly than those composed of IN sounds. Additionally, the 

children with phonological delays learned those non-words with Rare sound sequences 

more quickly than those with Common sound sequences. In other words, it appears as 

though the children with phonological delays were better able to learn words for which 

they had no phonological knowledge, as compared to new non-words that were 

composed of sounds already present in their phonetic inventories. Relative phonotactic 

probability caused lexical competition: Failure occurred when a non-word was 

composed of a Common sequence that was similar in phonological structure to many 

other known words. The children may have had difficulty creating associations 

between their lexical and phonological representations for words with Common sound 

sequences.  
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For some reason, the children with phonological delay focused on a different 

set of phonological features while learning novel words as compared to their age-

matched controls. While typically developing children in the same task (described in 

Storkel, 2001) were more accurate when their response was related to a common 

sound sequence as compared to rare sound sequences, the performance of children 

with phonological delay actually appeared to be hampered by familiarity: Words 

composed of infrequent sound sequences induced greater learning. And, perhaps most 

surprisingly, these children were better able to learn words composed of phonemes 

that they were unable to say (as recorded in their phonetic inventories). This goes 

against all traditional notions that having pre-established (that is, behaviorally 

demonstrated) knowledge will better allow for learning to occur (e.g., Van Riper, 

1978). These results suggest that non-words composed of unfamiliar and unknown 

sound sequences may be optimal for treatment of phonological delay. Completely 

novel sound combinations (i.e., non-words) have no other associations in the lexicon, 

potentially making it easier to encode without having to phonetically distinguish one 

word from phonetically-similar words. Moreover, both Gierut et al. (1987) and Storkel 

(2004) found that words containing sounds that were not included in a child’s phonetic 

inventory (i.e., OUT sounds) led to greater phonological change and/or learning, 

suggesting the phonotactics manipulation was effective in both word types. 

Nevertheless, this still does not provide an indication of which type of word, real or 

nonsense, is optimal in treatment. 

3.0.5 Word Frequency. While the semantics, word density, phonotactic 

constraints, and phonotactic probability can hypothetically be controlled across real 
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words and non-words, there is one characteristic that is inherently different between 

the two types of words: word frequency. Word frequency refers to the frequency with 

which a word occurs in a language: A word can be quite common in its occurrence in 

verbal and written communication, or it can be very infrequent. Real words can be 

either high or low in frequency, but non-words are always low in frequency, given 

their non-occurrence in the language (by definition).  

The frequency with which words are presented to children does indeed lead to 

phonological change in children with phonological delays. Girolametto, Pearce, and 

Weitzman (1997) investigated whether a treatment approach focused on lexical 

stimulation would also indirectly affect children’s phonological skills. Even though 

the treatment focused on lexical acquisition, the children made gains in the use of 

vocalizations with at least two consonants (e.g., CVC or CVCV). The children were 

also assessed to have a greater variety of consonants in their phonetic inventories, and 

they used a greater number of different consonants in the syllable-initial and syllable-

final positions, following treatment. While the children’s speech intelligibility did not 

improve from pre- to post-treatment, the frequent presentation of a select group of 

words appeared to enhance the children’s early phonological skills. These findings 

suggest that when the children were only required to attend to, but not produce, the 

target words, they learned to identify the phonemic distinctions in the words.  

In a more direct examination of word frequency and word density, Morrisette 

and Gierut (2002; following a pilot study by Gierut, Morrisette, & Champion, 1999) 

questioned the extent to which either, or both, of these lexical factors would influence 

generalization during treatment for children with phonological delays. The treatment 



 

 

34 

design manipulated one lexical variable while keeping the other constant. For 

example, some children were treated with low frequency words that came from both 

dense and sparse lexical neighborhoods, while other children were treated with low-

density words that occurred in both high and low frequency in the English language. 

Gierut and colleagues (1999; 2002) observed that high-frequency words induced 

phonological change in both treated and untreated sounds (in untreated words), while 

low-frequency words only resulted in generalization to the untreated sounds. 

Treatment with low-density words induced change in treated sounds, while treatment 

with high-density words did not result in generalization to either treated or untreated 

sounds.  

Following from these findings, lexical factors were implicated in a 

generalization hierarchy proposed by Morrisette and Gierut (2002): Specific lexical 

characteristics inherent to English words can lead to differential amounts of 

phonological learning. Thus, the words used in treatment may indeed affect 

phonological generalization patterns. If the goal is to only promote change in the 

treated sound, then low-density words may be appropriate. If change in untreated 

sounds is desired, then low-frequency words may be selected; however, assuming the 

goal is to promote system-wide phonological change, high-frequency words appear to 

be the best treatment targets. While non-words can directly target erred phonemes, 

without the (positive or negative) influence of lexical bias, it appears that real-word 

familiarity and frequency play an important role in how children learn language. High-

frequency words are modeled for children everyday and this exposure appears to 

impact phonological acquisition.  
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As stated previously, connectionist language models (e.g., Dell & O’Seaghdha, 

1991; Storkel & Morrisette, 2002) address language processing from the bottom-up 

(phonological representation to lexical representation to semantic representation) and 

from the top-down (semantic representation to lexical representation to phonological 

representation). When the goal is to remediate the phonological production abilities of 

children with functional phonological delays, one logical approach is to manipulate 

the lexical representations in order to better access the phonological representations. 

Using such a top-down approach, previous phonological treatment studies have used 

real (e.g., Gierut et al., 1987, 1999; Morrisette & Gierut, 2002; Girolametto, Steig-

Pearce, & Weitzman, 1997) or non-words (e.g., Storkel, 2001, 2004a) in various 

contexts. Some have even hinted at an advantage of non-words over real words (e.g., 

Byran & Howard, 1992), but no study to date has empirically tested whether one word 

type (real or non-word) leads to greater and more widespread phonological change 

over the other. A meta-analysis by Martin and Gierut (2004) provides some evidence 

that non-words may be more optimal treatment targets; however, the lexical (e.g., 

frequency, density) and phonological (e.g., phonotactic probability, phonotactic 

constraints) factors of the treatment words were not manipulated predictably due to the 

post hoc nature of the study. However, these findings are surprising given that the 

same research program promoting high frequency [real] words in treatment 

(Morrisette & Gierut, 2002) also implicates the use of (low frequency) non-words in 

treatment. The direct comparison of real and non-words in phonological treatment has 

yet to be empirically addressed.  
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3.0.6 The present experiment. The most simple, and telling, test of the 

effectiveness of real and non-word targets in treatment would compare high frequency 

real words and (low frequency) non-words, while controlling for all other extraneous 

lexical and phonological factors: meaning, density, and phonotactics. This was the 

goal of the present treatment study, which followed the methodology of previous 

treatment studies of children with phonological delays (e.g., Storkel, 2001; Morrisette 

& Gierut, 2002; Gierut, Morrisette, Hughes, & Rowland, 1996; Gierut et al., 1987; 

Gierut & Neumann, 1992; Gierut, 1990, 1991, 1992). Specifically, children with 

functional phonological delays were trained on target sounds presented in real or non-

words within a storybook context. As a result of this story presentation, both types of 

words were associated with objects/actions to establish lexical and semantic 

representations.  

By only including words that were low in density, the present experiment also 

controlled for the amount of spreading activation that could occur across lexical 

representations. In terms of the two-representation model of word processing 

described above, a word that is from a sparse neighborhood will not receive as much 

overlapping activation from other words, which will in turn increase the rate at which 

its representation is activated. Thus, less phonetic overlap leads to less competition, 

making it easier to recognize and say a word. Moreover, given that this was a 

treatment paradigm, the initial sound in each word was excluded (i.e., an OUT sound) 

from a given children’s phonetic inventory, thus controlling (to a point) the 

phonotactic constraints of the words. Phonotactic probability was not specifically 

addressed in the present experiment; however, anecdotally, words that are low in 
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density are also typically composed of rare sound sequences (Storkel & Morrisette, 

2002).  

The manipulated word property in this experiment was word frequency: All 

real words were high frequency, while all non-words were by definition low 

frequency. Following the assumptions of the two-representation model of word 

processing, in the absence of a target-appropriate phonological representation, lexical 

processing should dominate sound learning (Storkel & Morrisette, 2002). That is, the 

treatment of a given sound within the context of high frequency words was predicted 

to induce greater phonological change than the treatment of a sound within low 

frequency words.  

To illustrate, a high frequency word, such as “child” (one of the present 

experiment’s real word treatment examples), occurs quite often in a child’s 

environment. Due to its frequent occurrence in the input, the word has a higher resting 

threshold than a low frequency word, such as “choydge” [tSçIdZ] (a non-word 

treatment exemplar from the present experiment). As a result of this increased resting 

threshold, it is easier for the child to access the lexical representation of the word 

“child”. Once the lexical representation is accessed, the child can focus solely on 

identifying the associated phonological representation so that he can produce the 

word. In other words, the cognitive load is lessened since the lexical representation is 

already established and accessible by the child, as opposed to a low-frequency lexical 

representation that will require an additional amount of activation (via exposure to, 

and/or thinking about, the word) before it can be consciously accessed to begin the 
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word recognition, and production, process. Indeed, studies have shown that children 

and adults are able to produce high frequency words faster and more accurately than 

infrequent words (e.g., Dell, 1990; Huttenlocher & Kubicek, 1983; Leonard & 

Ritterman, 1971; Stemberger & MacWhinney, 1986; Vitevitch, 1997).  

In summary, previous research studies examining top-down lexical influences 

on phonological production have provided differing accounts of whether low 

frequency non-words or high frequency real words are the more optimal treatment 

target. The present experiment was designed to directly compare the lexicality of the 

word targets used in the treatment of phonological delay. Taking a top-down approach 

to language processing, the specific goal of this experiment was to manipulate the 

frequency of words used in treatment of phonological delay, in order to assess whether 

real words or non-words are a more optimal treatment target choice.  

 

3.1 METHODS 

3.1.1 Treatment Design. A single-subject staggered multiple baseline design 

was used in this treatment program, as it has been shown to be useful in the study of 

treatment of communicative disorders (Connell & Thompson, 1986; Kearns, 1986; 

McReynolds & Kearns, 1983; McReynolds & Thompson, 1986). Single-subject 

designs do not assume homogeneity of populations; instead they allow for carefully 

matched subjects to serve as controls relative to one another (McReynolds & Kearns, 

1983). Single-subject designs are particularly useful for evaluating the relationships 

between independent and dependent variables, and for evaluating inter- and intra-

subject variability, which is common among individuals with communicative 
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disorders (McReynolds & Thompson, 1986). Additionally, this design allows for 

replication across subjects within a given treatment condition. 

Following procedures for this design, the children with PD were randomly 

assigned to one of two treatment groups (real word or non-word). These groups were 

evaluated independently and in combination. Every child was evaluated in a baseline 

period in which no treatment was provided (see Figure 3.1). Each child first completed 

a full baseline assessment. Subsequent baselines consisted only of a shorter baseline 

probe that specifically targeted the phonemes that particular child did not produce 

during the initial baseline session (see below for more detail). Thus, the first 

participant in each condition (S1) for each treatment sound had 2 baselines and then 

began treatment. Each subsequent participant within each condition and treatment 

sound had 1 additional baseline before beginning treatment. Thus, all of the children in 

this research program had either 2 or 3 baselines prior to the initiation of treatment. 

The assumption behind this experimental design is that each child’s sound system will 

remain stable during the baseline phase; once treatment begins, any change or 

improvements in the child’s performance can therefore be directly attributed to the 

treatment itself (Gierut et al., 1999).  
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Figure 3.1. Illustration of study design, detailing baseline measures prior to treatment, and 

generalization probes during and following treatment. 

 

3.1.2 Stimuli. Children were randomly assigned to either a real word or non-

word treatment condition, in which they underwent speech treatment using five target 

words (real or nonsense). In the real word condition, control for the children’s 

receptive knowledge of the real word stimuli was maintained by examining many 

different sources for early acquired and spoken words and choosing the most 

appropriate child- and story-friendly words possible (see Appendix 1 and Appendix 1 

Notes). Additionally, the real words were used in story-retell activities to ensure that 

the target words were understood.  
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In the non-word condition, treatment words were assigned lexical meaning via 

a story-retelling format, as described in various studies by Gierut and colleagues 

(Gierut, 1990, 1991, 1992; Gierut et al., 1996; Gierut & Neumann, 1992; see 

Appendices 2-8 for the stories and stimuli used in the research program). While there 

are many different factors that can be manipulated in word selection, this experiment 

focused on creating the most optimal treatment targets possible in both real and non-

word conditions. Future studies can address possible continuums of optimality, by 

varying different lexical and phonological factors.  

Specifically, this experiment addressed the following two factors in the 

treatment words: 1) frequency and 2) density. As stated previously, word frequency 

refers to the frequency with which a word occurs in the English language. For this 

experiment, word frequency was assessed in a variety of ways in an effort to find the 

most child-friendly, high-frequency words that could be incorporated in a meaningful 

way in a story format; this was not an easy task! While choosing high-frequency, 

child-friendly words was a difficult task in and of itself, the treatment real words also 

had to correspond to each child’s chosen treatment phoneme, making the word 

selection that much more challenging.  

The nine different word frequency sources used in this research program are 

listed in Appendix 1, with notes regarding each of the sources following. The 

overarching finding from this mini meta-analysis of word frequency databases is that 

no two sources agreed on word frequency. Gierut and Dale (2007) found that while 

different child and adult written/spoken corpora do not necessarily always correlate, 

they are still largely compatible. As a result, they suggested that it was not necessary 
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to use a child corpus for insights to children’s phonological learning, nor was it 

necessary to use an expressive corpus to examine the effects of word frequency on the 

accuracy of production. They stated that any type of corpus was appropriate for use, as 

long as it comprised a substantial number of entries. Based on the existing literature, 

Gierut and Dale also suggested that using a well-established corpus, such as that of 

Ku era and Francis (1967), would be useful for continuity of data analysis across 

studies. As a result, while all the different sources are useful in examining word 

frequency effects across contexts, the values from Ku era and Francis were used to 

determine whether the treatment targets for the current study were high or low in 

frequency. These values were gathered from the University of Washington St. Louis 

(written and adult) word frequency database, which was based on Ku era and Francis’ 

(1967) written word database (http://128.252.27.56/Neighborhood/Home.asp). A word 

with a frequency score of 100 or higher was considered high frequency. 

Still, verbal frequency was also a concern when determining the target real 

words due to the young age of the potential study participants. All but one of the 

children, the oldest (PD1_BT), were pre-literate. In an attempt to include only words 

that were common to young children (both in production and comprehension), various 

other databases examining adult spoken, child written/reading, and child spoken word 

frequency measures were also consulted. While not every word appeared in every 

database, most of the words did remain in the high-frequency range across the 

different databases. Of course, frequency was only manipulated with target real words, 

due to the fact that non-words by definition are not found in spoken English and 

therefore have no frequency of occurrence.  
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Recall, word density refers to how phonologically similar one word is to other 

words in a language. If a word comes from a dense neighborhood, many other words 

are similar in phonological structure to it, while a word from a sparse neighborhood 

will have a phonological structure similar to few, if any, other words.  In this 

experiment, all treatment words were to be low density. Toward that end, density was 

manipulated by calculating how many words vary by a single phoneme in relation to a 

target word. Following Morrisette and Gierut (2002), a low density word was defined 

as a word that had 10 or fewer phonological neighbors (see Appendices 1 and 2 for 

density ratings of the real and non-word treatment targets). The University of 

Washington, St. Louis, word density calculator was used to identify low density words 

for treatment targets (http://128.252.27.56/Neighborhood/Home.asp). In order to 

maintain the low-density nature of the treatment words, less common word structures 

containing possible OUT sounds (depending on the child) were used given that 

children’s early-acquired sounds tend to be frequently occurring sounds/structures. 

The summary of the Real Word and Non-Word Treatment stimuli are as follows: 

1) Real Word Stimuli. The five real words used as treatment targets were one or 

two syllables in length, containing 3 to 5 phonemes. All of the real words were 

high in frequency and low in density. To ensure greater generalization across 

word categories, a variety of word categories were used as treatment targets 

(e.g., nouns, verbs, adjectives, adverbs). Additionally, a range of word shapes 

was used (e.g., CVC, CVCV, CVCCCVC).  

2) Non-Word Stimuli. As with the five real words, the five non-words used as 

treatment targets were one or two syllables in length, containing 3 to 5 
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phonemes. All non-words were low in density. The non-words were matched to 

the real words in terms of word category and word construction. 

Five real or non-words were designated as treatment target words for each child. Each 

word was targeted as many times as possible during a treatment session (as described 

in detail below). The PD children were randomly assigned to either the real word or 

nonword treatment condition.  

Phonemes used in treatment. Every child’s treatment program targeted a single 

phoneme that was excluded from his or her phonemic inventory. While it would have 

been ideal if all the PD children were missing the same phoneme from their phonemic 

inventories, thereby making it easy to compare the treatment across all children while 

controlling for possible treatment sound effects, this was not the case. In the end, three 

different phonemes were chosen as treatment targets. Four children were treated with 

the rhotic liquid /®/, three children were treated with the voiceless post-alveolar 

affricate /tS/, and one child was treated with the voiceless interdental fricative /T/.  

Clearly, none of the three selected treatment sounds are considered to be 

acquired early in development (Goldman & Fristoe, 2000; Jakobson, 1968 [1941]; 

Lowe, 1994; Sander, 1972; Smit, Hand, Freilinger, Bernthal, & Bird, 1990); however, 

following the principles of complexity theory (for a review see Gierut, 1998, 2001, 

2007; Thompson, 2007; Thompson, Shapiro, Kiran, & Soebecks, 2003), these selected 

treatment sounds were thought to be appropriate due to their potential to induce large 

amounts of system-wide change. Briefly, complexity theory is thought to induce large 

amounts of change due to the fact that by working on a more “complex” sound, some 
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of the “easier” sounds that may be phonologically related to the treated sound may 

show change as well. For example, since producing /S/ is one phonetic component of 

/tS/, it is possible that by working on the post-alveolar affricate /tS/, a child will also 

learn to produce the related post-alveolar fricative /S/. As well, treatment on an 

affricate such as /tS/ may lead to improvement on a stop such as /k/, due to 

implicational relationships observed between sound classes (e.g., Dinnsen et al., 

1990). Basically, by targeting one sound in treatment, other sounds may change 

without direct intervention (Gierut, 2001, 2007). 

Using these three phonemes (/®/, /tS/, and /T/) as individual treatment targets, 

four children were assigned to the real word treatment condition and the other four 

children were assigned to the non-word treatment condition. Thus, while the group 

numbers were the same for the two types of treatment, the treatment target phonemes 

differed. 

3.1.3 Treatment Procedure. Treatment was delivered in two phases: Imitation 

and Spontaneous Production. The treated phoneme was always presented in the word-

initial position. Treatment was provided two times weekly in 1-hour sessions, for a 

maximum of 19 treatment sessions. Overall, all of the PD children attended 25 or 26 

one-hour sessions (baseline probes, treatment, treatment probes, longitudinal follow-

up probes) over the course of three to six months.  

Imitation Treatment Phase. During the Imitation phase of treatment, each child 

repeated the clinician’s verbal model until achieving either a pre-established 
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performance- or time-based criterion, whichever came first. Specifically, imitation 

treatment was to continue until a child maintained 75% accurate production of the 

treated phoneme over 2 consecutive sessions (i.e., performance-based criterion) or 

until 7 consecutive sessions were completed (i.e., time-based criterion), whichever 

came first. None of the children achieved the 75% accuracy criterion, thus they all 

completed all 7 Imitation treatment sessions.  

While many of the treatment activities varied based on what each child 

enjoyed most, the Imitation phase of treatment did have some constants across all 7 

sessions for all the children. Each Imitation session began with the clinician reading to 

the child his selected treatment story (see Appendices 3-8 for the stories and stimuli). 

Then, when the clinician finished her reading, the child was asked to re-tell the story 

back to the clinician. Some children were very elaborate with their re-tells, other 

children provided few details, but the goal was for the children to at least produce a 

few of the target words in their re-tell. If the child did not, the clinician often prompted 

for the select word, which usually was conducive to eliciting the word. 

Once the story re-tell was finished, the next standard activity of all Imitation 

sessions was some “mirror” time. This activity centered on providing direct placement 

and sound-shaping therapy by giving verbal, tactile, and physical cues to each child. 

Basically, none of the children in the treatment program initially knew the correct way 

to articulate their sounds (i.e., where to put their tongues, how to shape their mouths, 
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how to control their voicing and air stream, etc.)
4
; thus, the clinician and child sat in 

front of a mirror and practiced making the sound in isolation or in syllables. For 

example, for the children working on /®/, cues such as “growl like a bear/dog” and 

“crow like a rooster” and “show me a big smile with all your teeth” were commonly 

used to elicit the target sound in isolation. For the children working on /tS/, common 

cues were “make the sound of a train”, “say ‘Get You’, ‘Bet You’, ‘Don’t You’” 

(focusing on the transition between the /t/ and /j/, which in connected speech is 

pronounced as [tS]), “put your tongue on the roof of your mouth, keep it there and 

say /S/”. For the child being treated with /T/, more physical and tactile cues were used: 

“smile, put your tongue between your teeth, blow”, and “tickle your tongue with your 

teeth”. A flavored tongue depressor was also used to help him monitor how far out his 

tongue protruded (enough to produce the /T/, but not too far so as to spit). 

Spontaneous Production Treatment Phase. During the Spontaneous Production 

phase of treatment, each child produced the treated phoneme without a model. In other 

words, the target words were elicited by having the children name pictures, label 

objects, retell stories, and so on. This phase of treatment was to continue until the 

child maintained either a performance-based criterion of 90% accurate production of 

the treated phoneme over 3 consecutive sessions, or a time-based criterion of 12 

consecutive sessions, whichever came first. None of the children achieved 90% 

                                                
4
 In other words, none of the children were stimulable for their treatment sounds which follows from 

recommendations in the treatment efficacy literature (e.g., Powell, Elbert, & Dinnsen, 1991; Powell & 

Miccio, 1996). 
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accuracy for 3 consecutive sessions; thus, they all completed all 12 Spontaneous 

Production treatment sessions. 

The structure of the Spontaneous Production treatment sessions was more 

flexible than that of the Imitation phase of treatment. All Spontaneous Production 

sessions began with a matching game using the pictures of the five treatment words. 

Other than that activity, all of the other activities in the session were child dependent; 

stickers, fishing games, card games, bowling, basketball, arts and crafts projects, and 

board games such as Candyland® were all used to keep the children motivated and 

excited about treatment. 

3.1.4 Treatment Probes. To establish the specific phonological characteristics 

of each child, detailed probes were administered using methods of previous studies 

(e.g., Gierut, 1998; Gierut & Champion, 2001; Gierut et al., 1987). One probe 

measured learning as it occurred during treatment sessions. In addition, two different 

types of generalization measures were administered in separate probe sessions in order 

to evaluate changes in a child’s sound system that occurred as a result of treatment. 

Treatment Target Word Probe. The treatment probe specifically targeted each 

PD child’s treatment phoneme as it occurred in the selected treatment words. In any 

given treatment session, each child produced the treatment words anywhere from a 

low of 66 times to over 200 times (both in imitation and spontaneously). Each child’s 

production of each treatment word was noted, with the clinician using a +/- accuracy 

rating scale. Only the treatment phoneme was assessed, with a “+” rating implying 

that the child produced the target sound in an adult-like manner, while a “-” rating 

meant that the child did not produce the sound correctly.  
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Complete English Phoneme Probe. The complete probe was a comprehensive 

phonological analysis of all the English-specific phonemes. Using the Assessment of 

English Phonology protocol (AEP; Barlow, 2003; Appendix 9), all English phonemes 

were assessed in five different exemplars in each word position (when appropriate: 

initial, intervocalic, and final) in both mono- and poly-morphemic forms. All 

phonemes in every word were examined for accuracy relative to how they were 

produced in ambient adult language. This probe was administered three times during 

the treatment process: (1) initial baseline session, (2) 2-Week Post-treatment, and (3) 

2-Months Post-treatment.  

Excluded Phoneme Probe. All sounds that were produced with less than 50% 

accuracy during the pre-treatment AEP probe session were sampled using a subset of 

items from the AEP protocol (Barlow, 2003; see the following section, 3.1.6, for more 

information). This was meant to be an abbreviated assessment that specifically 

targeted each PD child’s missing phonemes; every sound was targeted in the 

corresponding AEP words. Since this probe was specific to each child, the number of 

words in the probe varied across children, depending again on the number of sounds 

the child produced in error. The target phonemes were judged to be correct if produced 

accurately as in the ambient adult language. This probe was administered multiple 

times during the treatment program: (1) baseline sessions (2-3, depending on the 

child), (2) Post-Imitation treatment phase, and (3) Post-Spontaneous Production 

treatment phase.  

3.1.5 Speech Sample Recording, Transcription, and Reliability. Every 

assessment and treatment session was digitally recorded with an Olympus Digital 
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Voice Recorder (DS-2). Each audio sample was then digitally transferred to a PC 

laptop for transcription using a speech recording computer program, Adobe 

Audition®. All speech samples were backed-up on CDs and external hard drives and 

stored in a separate, locked cabinet. Highly-trained transcribers used the International 

Phonetic Alphabet (IPA) to narrowly transcribe all speech samples. Based on these 

transcriptions, the data were organized for phonological analyses according to target 

sound and word position. Approximately 15% of the speech samples were reliability-

checked by a second transcriber; both transcribers agreed at least 85% of the time on 

the speech sample transcription. If this threshold was not reached, the speech sample 

in question was re-transcribed until two transcribers reached the designated threshold. 

Overall, transcriber reliability was 90%. 

3.1.6 Analysis and Interpretation of the Data. Given that many of the 

treatment results were on an individual subject basis (i.e., large individual variation), 

qualitative data analysis procedures were used (Attanasio, 1994; Kazdin, 1976; 

McReynolds & Kearns, 1983). Specifically, analyses involved determining each 

child’s phonetic and phonemic inventories (for a review of these procedures in 

developing sound systems, see Dinnsen, 1984; Gierut, 1985; and Barlow, 2001; for 

adult systems, see Kenstowicz, 1994; McCarthy & Prince, 1995; Prince & Smolensky, 

1993). Phonetic status of a sound was established following the criterion of at least 

two unique productions of a sound (in any word position), regardless of whether or not 

they were considered “accurate” by adult standards (Gierut et al., 1994). Phonemic 

status of a sound was established following the criterion of two unique sets of minimal 

pairs (e.g., sing-ring or run-rub), again regardless of whether they were correct 
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relative to adult production (Gierut et al., 1994). The phonetic and phonemic 

inventories of the children who qualified are displayed in Tables 3.1 and 3.2, 

respectively. 

Based on the speech sample transcriptions, accuracy percentage scores for each 

target sound (treated and untreated) were also calculated for each administration of the 

AEP (Barlow, 2003). Using the Logical International Phonetic Programs 2.02 (LIPP; 

Oller & Delgado, 1999) PC computer transcription program (Intelligent Hearing 

Systems, 2000), each consonant and vowel sound was identified as being correct or 

incorrect according to typical adult language. These accuracy percentage scores were 

used to measure within-class and across-class generalization following treatment. 
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3.2 RESULTS: INDIVIDUAL PARTICIPANTS 

The results of teaching three different word initial sounds (/®/, /tS/, and /T/) to 

children with functional phonological delays are discussed in terms of learning during 

treatment and generalization from treatment. Each child’s individual treatment results 

are discussed in detail in the following sections. Many different types of analyses were 

completed for each child and before we can turn to the individual results, it is 

necessary to first describe the data that were collected and evaluated. 

Examining the learning that occurs during treatment is essential for 

determining whether or not the treatment worked. The learning curve for each child 

shows the production accuracy of the targeted treatment phoneme in word-initial 

position during the baseline sessions, treatment sessions, and post-treatment probe 

sessions. Children’s performance during the imitation, then spontaneous production, 

phase of treatment is noted by a break in each child’s learning curve. All children 

completed 2 or 3 baseline sessions and 19 treatment sessions. The learning curves are 

described in terms of the shape of the curves (e.g., flat, monotonic, or nonmonotonic), 

with monotonic curves representing a continuous improvement in speech production 

accuracy while nonmonotonic curves represented children’s production accuracies that 

varied across treatment sessions (i.e., some sessions were better than others). 

Examining the generalization from treatment is arguably even more important 

than the actual results of performance on the treatment target sound, as it reflects the 

overall effects of treatment on a child’s internalized phonological grammar, which 
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ultimately impacts overall intelligibility. Generalization is reported for treated and 

untreated singleton phonemes in untreated words (in all word positions) as a reflection 

of overall change in the children’s phonological grammars. All of the different 

generalization factors examined in the present study are displayed in Table 3.3. The 

overall accuracy values (from the 2-Week Post generalization probe) for treated and 

untreated sounds for each child are shown. The generalization curves for the treated 

and untreated sounds are described both in terms of the shape of the curves (e.g., 

monotonic or nonmonotonic), as well as when the change occurred (e.g., immediately 

or delayed). Note that “immediate” refers to change that occurred while the child was 

still receiving treatment.  

System-wide change is also reported in Table 3.3 and this is divided into two 

analyses. First, within-class change is reported; that is, the number of sounds within 

the same manner class as the treated sound that were produced with at least 50% 

accuracy during each child’s 2-Week Post probe session. There were few potential 

within-class changes possible due to the fact that two of the chosen treatment sounds 

(/®/and /tS/) each only had one other English sound in their manner class. Across-

class system-wide change is also reported; these values represent the number of 

sounds outside of the treated sound’s manner class that were produced with at least 

50% accuracy during the 2-Week Post probe session. Each child had at least 2 

potential across-class sounds that could have been generalized due to treatment (with a 

maximum of 10 potential sounds), and the percentage of across-class change is 

reported for each child. 
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Along with examining the learning and generalization that occurred due to the 

treatment process, it is also important to examine the individual sounds that were 

added to each child’s phonetic and phonemic inventories. While the addition of sounds 

to the inventories should correspond to the overall generalization patterns, it is quite 

likely that a child needs to add a sound to his phonetic inventory (i.e., by producing it 

twice in any word position, regardless of whether or not it corresponds to the adult 

model) and phonemic inventory (i.e., by producing it contrastively within minimal 

pairs) before it can be generalized (i.e., achieving greater than 50% accuracy). A 

sound could be added to the phonetic and phonemic inventories and generalized, but it 

could not be generalized without being added to the phonetic inventory at the very 

least (see Tables 3.4 and 3.5).  
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The relative consistency of error substitutions also is of interest as it may 

provide additional information as to the severity of each child’s phonological disorder 

(Tyler & Lewis, 2005). Children with highly variable error substitution patterns may 

correspond to the severe end of the continuum of phonological delay, perhaps due to 

underlying deficits in the speech processing system. Supporting this theory, Tyler, 

Williams, and Lewis (2006) found that children who produced multiple substitutes 

both within and across word positions for a number of consonants performed less 

accurately on a number of treatment measures than children with more consistent error 

patterns. Moreover, it is possible that children who have more variable error patterns 

prior to the onset of treatment may respond differently than do children who have 

consistent error patterns (e.g., Dodd & Bradford, 2000; Forrest, Dinnsen, & Elbert, 

1997; Forrest, Elbert, & Dinnsen, 2000). Thus, a thorough analysis of the two types of 

treatment would not be complete without the inclusion of an error analysis. 

The Error Consistency Index (ECI) was computed for each child (Table 3.6). 

This metric is designed to measure the overall consistency of error substitutions within 

a child’s phonological system (Tyler, 2002; Tyler, Lewis, & Welch, 2003). In the 

present experiment, the ECI is a raw number that is calculated by summing the total 

number of different substitutions that each child makes, in each word position, for 

each sound produced with less than 50% accuracy during the pre-treatment baseline 

probes. Thus, the total number of target phonemes varied across children (range: 4-

11). The ECI was calculated both pre-treatment (taking into account any substitutions 

the child made for each sound across the 2-3 baseline probes) and at the 2-Week Post 

probe session. Additionally, the treatment target sound was also examined 
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individually, examining how many substitutions each child made during the pre-

treatment and 2-Week Post probe sessions. It must be noted that correct productions of 

the target sound were included in the ECI raw numbers and analyses, thus the ideal 

ECI number was 1.0. 
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In the following sections, each child’s results are presented individually, 

addressing each of the following areas: learning during treatment, generalization from 

treatment, segments added to the phonetic and phonemic inventories, and variability in 

production patterns. Each child’s results are followed by an individualized discussion. 

An overall discussion taking into account the results across the children is presented at 

the end of this chapter. 

3.2.1 PD1_BT Nonce /®/.  

Learning during Treatment. The learning curve for PD1_BT, who was treated 

using the nonsense /®/ stimuli, is displayed in Graph 3.1. Consistent with the 

assumptions of the multiple baseline design (e.g., Gierut et al., 1999), BT did not 

demonstrate any change in his production accuracy of his treated sound, /®/, during 

the baseline sessions; however, BT did show marked improvement in the production 

of his treated sound almost immediately after the initiation of treatment. His accuracy 

hovered around 50% throughout most of the imitation phase of treatment and 

continued to slowly improve as the spontaneous production phase progressed. His 

marked improvement followed the same learning curve slope as that of many of the 

other children; however, this drastic change occurred much earlier in the course of 

treatment as compared to all the other children. The change from treatment session 2 

(with 7% accuracy) to treatment session 3 (with 51% accuracy) is a 44% 

improvement, which he was able to maintain through the remainder treatment. BT 

produced at least 109 treatment words in each session, with a maximum of 223 words. 
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During the Imitation phase he averaged 132 tokens and during the Spontaneous 

Production phase he averaged 145 tokens. 

Graph 3.1. Treatment Learning Curve for subject PD1_BT.  

 

Generalization from Treatment. The probe word generalization curves for the 

production of both the treated singleton phoneme, /®/, and the untreated sounds that 

had a pre-treatment accuracy level of less than 50%, /z S tS dZ/, are shown in 

Graph 3.2. Accuracy levels are plotted over each administered probe (Pre-Treatment, 

Baseline 1, Baseline 2 (if applicable), Post-Imitation, Post-Spontaneous Production, 2-

Weeks Post, and 2-Months Post. 

This probe word generalization curve shows that, initially, there was some 

variability in phoneme production during the Pre-Treatment and Baseline probe 

sessions; however, none of the included phoneme productions exceeded 50% 

accuracy.  
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Graph 3.2. Probe word generalization curve for PD1_BT.  

 

Additionally, while some sounds (e.g., /tS dZ/) were initially produced with 

higher accuracy during the full AEP Pre-Treatment probe, their accuracy did decrease 

during the Baseline probe. This was potentially due to the smaller sample size of the 

shorter Baseline probe, which was a selective sample from the full AEP used for the 

Pre-Treatment probe. The key finding is that production accuracy levels were fairly 

consistent across the Pre-Treatment and Baseline probes to the Post-Imitation probe. 

After the Post-Imitation probe, all the sounds, other than /z/, showed marked 

improvement in generalization production accuracy. In other words, immediate 

phonological change was observed for both the treated sound and untreated sounds. 

The three untreated sounds that reached near-ceiling levels at the Post-Spontaneous 
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Production probe session were /S tS dZ/. Thus, the course of generalization (i.e., 

phonological change) for both the treated and untreated sounds was monotonic, in that 

generalization was consistently improving. Interestingly, the untreated sound that 

initially had the highest pre-treatment accuracy levels, /z/, did not reach near-ceiling 

levels until the 2-Month Post probe session. 

Graph 3.3. Production accuracy of PD1_BT’s treated phoneme, /®/, and all untreated phonemes 

(collapsed together) that had a pre-treatment production accuracy of less than 50%. 

 

Looking more closely at the generalization of the treated sound, /®/, to 

untreated words containing that sound, it is clear from Graph 3.3 that production of /®/ 

in untreated words reached the 50% accuracy rate during the Post-Spontaneous 

Production probe (i.e., immediately after treatment ended); however, this gross 
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assessment of his phonological change does not fully represent the change that was 

occurring. During the Post-Imitation probe (i.e., just 7 sessions into treatment), BT 

was beginning to produce the /®/ phoneme (Table 3.7). This coincides nicely with the 

immediate burst in production accuracy during the Imitation treatment sessions (Graph 

3.1). Still, his productions of /®/ were quite long (represented by “:” in Table 3.8) and 

were deemed to be inappropriate and potentially more noticeable than his pre-

treatment substitution of [w] for /®/. These productions, while in error, proved to be a 

large step toward a correct production pattern. This provides even further evidence of 

very immediate phonological change due to treatment.  
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As stated, the generalization of treatment to untreated sounds is also of great 

interest, as it has broad implications for treatment of phonological delays in a 

traditional clinic setting. The ability to induce large, system-wide phonological change 

following the treatment of a single sound is much desired in situations where there is 

much pressure to treat children as effectively and quickly as possible (e.g., in the case 

of large caseloads of school-based speech-language pathologists). In the case of 

PD1_BT, untreated sound change (i.e., system-wide generalization) occurred 

immediately: during the Post-Spontaneous Production probe session. As was the case 

with his treated sound, the course of generalization was monotonic, with the untreated 

sounds consistently improving in production accuracy (Graphs 3.2 and 3.3). Looking 

more closely at each of the untreated sounds, all four (100%) had production 

accuracies of at least 50% during the 2-Week Post probe session; though it must be 

noted that /z/ did not show much improvement until the 2-Month Post probe session 

(Graph 3.4). Thus, it likely that the non-word treatment caused large amounts of 

across-class system-wide change in PD1_BT’s phonology, as all four possible sounds 

improved. No within class (liquids) change was possible, as he was already producing 

/l/ with a high degree of accuracy. 
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Graph 3.4. Production accuracy of PD1_BT’s treated phoneme, /®/, and each untreated phoneme that 

had a pre-treatment production accuracy of less than 50%. 

 

Phones Added to Phonetic and Phonemic Inventories. Consistent with the 

generalization results presented above, BT added [S] and [®] to his 2-Week Post 

Phonetic Inventory (Table 3.4). His Phonemic Inventory was expanded to include /T/, 

/D/, /S/, /tS/, and /dZ/ (Table 3.5). The latter three sounds added to his Phonemic 

Inventory are also consistent with the generalization findings, while the inclusion of 

the two interdental sounds /T D/ in the 2-Week Post Phonemic Inventory is perhaps 

only due to a lack of appropriate minimal pairs in the pre-treatment probe sample. 

Notably, BT’s treatment sound was not added to his Phonemic Inventory. This was in 

contrast to his sound generalization, in which he did generalize /®/ with greater than 
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50% accuracy. Additionally, another sound that was generalized, /z/, was also 

excluded from BT’s 2-Week Post Phonemic Inventory. Again, the exclusion of both 

sounds could be due to the lack of appropriate minimal pairs in the 2-Week Post 

sample. 

Variability in Production Patterns. During the pre-treatment baseline probes, 

BT was one of the few children to produce his treatment target sound, /®/, with only 

one sound substitution, /w/ (Table 3.9). However, he also produced words in which he 

omitted the /®/ completely, which was also counted as a production variant (e.g., in 

word final position, he would substitute [´] for /®/). Post-treatment, BT produced his 

treated sound accurately and consistently. When all of the sounds produced with less 

than 50% accuracy were considered, BT’s Error Consistency Index (ECI) decreased 

(that is, improved) from pre- to post-treatment (Table 3.8). Pre-treatment, he produced 

9 different exemplar substitutions for the five sounds (ECI = 1.8), while post-treatment 

he only produced the correct adult form for each sound, thereby showing no 

extraneous substitution patterns (ECI = 1.0). 
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Table 3.8. PD1_BT’s treated and untreated sounds produced with less than 50% accuracy during the 

pre-treatment probe sessions and his production substitution exemplars for each sound. Note that the 

correct adult-like productions may also be listed. 

 

Discussion. PD1_BT was assigned to the non-word treatment condition using 

/®/-initial stimuli. Throughout his time in the treatment program, similar patterns of 

both onset and course of phonological change were observed for treated and untreated 

sounds. During treatment, BT showed very immediate learning of his treated sound, 

and by the third Imitation treatment session, his productions of the /®/ treatment words 

were nearly 50% accurate. This learning curve continued to follow a monotonic course 

throughout the rest of the treatment sessions. All monitored phonemes, treated and 

untreated, demonstrated immediate generalization at the Post-Spontaneous Production 

probe, and the generalization curves were monotonic in shape: They continued to 

increase in accuracy over time. No within-class sound change was possible (given that 

the only other liquid was already present), but across class system-wide change was 
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100%. That is, all untreated sounds that were initially produced with less than 50% 

accuracy improved to at least 50% accuracy by the 2-Week Post probe session. 

BT demonstrated early and consistent sound change in both his treated and 

untreated sounds. Possible reasons for the earlier sound change in this child center 

primarily around his age. BT was 6;9 when he entered the study, thus making him the 

oldest child in the research program by 14 months. His age could have possibly 

worked against him, as he theoretically had that many more years of “incorrect” /®/ 

sound production and those “bad” habits might have needed to be eliminated prior to 

being able to learn “new and better” production patterns. Nevertheless, given that he 

was in the non-word condition, he did not have any prior experience producing the 

chosen treatment words, which potentially negated the prior years of producing real 

/®/ words incorrectly. In fact, his age was also a positive factor in his sound inventory 

change, as he was extremely motivated to “sound” like all the other children in his 

class. He had a history of being picked on for his “baby speech” and wanted to speak 

like all the other children.  

Additionally, since he was in first grade (in a private school), BT was 

accustomed to sitting still and working at a table for an hour at a time. While not 

completely necessary for the treatment, the ability to stay on task and work hard 

allowed the treatment sessions to be very productive in terms of how many 

productions of the treatment words were elicited. It is quite possible that, along with 

the type of words (real or nonsense) chosen for treatment, the number of tokens 
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elicited in each session may make a difference in terms of when and how much of a 

sound change is observed. 

Other perhaps more interesting external factors that played a role in his ability 

to transfer his non-word knowledge to real words are related to his pre-treatment 

assessments of vocabulary, language, and nonverbal abilities. BT performed at least at 

the 50
th

 percentile in all screening assessments (Table 3.7). While phonological delays 

theoretically only affect the sound system, it is arguable that the ability to process 

sounds, put them together in the correct order (due to, e.g., the grammar), and plan 

motor movements involves other types of cognitive processes. Moreover, even though 

the children’s deficit is most obvious in the phonological domain, it is quite possible 

that they have other more subtle deficits (Karmiloff-Smith, 1998). Given that BT’s 

treatment involved only non-words that he had to learn to say and then map their 

“meanings” onto pictures, the ability to learn new words (i.e., vocabulary size) and to 

use language effectively might have been necessary precursors for success during and 

after treatment, thereby having implications for both the treated and untreated sounds.  

Anecdotally, BT really enjoyed learning “new” words and even used them at 

home (which was not required nor requested by the clinician). Not only did he master 

the matched pairing of each word to its picture, he also appeared to understand each 

word’s inherent meaning and applied them in daily life (e.g., when describing what he 

did at his soccer game, instead of saying “running,” he said he went “ruhving”). 

Arguably, this level of understanding and use is what is required when learning new 

“real” words and it would appear that he treated the treatment nonsense words in a 

similar manner as any other new word. 
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3.2.2 PD2_JG Nonce /®/.  

Learning During Treatment. The learning curve for PD2_JG, who also was 

treated with the nonsense /®/ words, is shown in Graph 3.5. JG was the only 

participant who did not show any productive change in his treated sound, /®/, for the 

duration of the treatment program (including the 2-Week and 2-Month follow-up 

assessments). His production accuracy was 0% at the onset of treatment, and he 

continued to produce /®/ in error for the duration. The number of treatment tokens 

produced by JG ranged from 66 to 161 words, with an average of 125 words, per 

session. 

Graph 3.5. Treatment Learning Curve for subject PD2_JG.  
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Generalization From Treatment. The probe word generalization curves for the 

production of both the treated singleton phoneme, /®/, and the untreated sounds that 

had a pretreatment accuracy level of less than 50%, /l j T D v n N d k tS/, 

are shown in Graph 3.6. This probe word generalization curve shows that initially 

there was a range of variability in phoneme production during the pre-treatment 

assessment sessions; however, as was the criteria for being considered an “inaccurate” 

phoneme, no included phoneme’s production exceeded 50% accuracy. Most phonemes 

maintained a fairly stable production percentage during the Pre-Treatment and 

Baseline sessions, though most also showed a small decrease during the Baseline 

probes, which again is likely due to the smaller sample size of the AEP Excluded 

Phoneme Probe (Barlow, 2003).  

Graph 3.6. Probe word generalization curve for PD2_JG.  
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Interestingly, despite the lack of improvement on the treated sound in treated 

non-words, many of the untreated phonemes showed dramatic increases in production 

accuracy (i.e., generalization) during the Post-Imitation probe, with even larger gains 

being made during the Post-Spontaneous Production probe session. Specifically, 6 of 

11 untreated phonemes showed immediate generalization due to treatment (/tS n k 

d N v/). Not unexpectedly, the two sounds that had the highest pre-treatment 

baseline scores, /tS n/, were also the sounds that achieved the highest post-treatment 

generalization. The treated phoneme in untreated words, /®/, and four other untreated 

phonemes, /D T l j/, did not show any improvement. Important to note here is that 

the two interdental phonemes, /D T/, did not show any improvement, which could be 

attributed to JG’s large malocclusion (discussed in more detail below). The course of 

generalization was not consistent across phonemes. Many of the sounds did follow a 

monotonic, consistently increasing, curve; however, a few of the phonemes followed a 

nonmonotonic curve, in that there were accuracy increases during some probe 

sessions, but decreases in accuracy at the next probe session. Overall, though, most of 

JG’s sound productions of the untreated phonemes showed improvement over time.  

A closer examination of the generalization of the treated sound, /®/, to 

untreated words containing that sound shows that the production of /®/ in untreated 



 

 

78 

words was non-existent until the final 2-Month Post probe session when a very small 

percentage of /®/ sounds were uttered correctly (Graph 3.7).  

Graph 3.7. Production accuracy of PD2_JG’s treated phoneme, /®/, and all untreated phonemes 

(collapsed together) that had a pre-treatment production accuracy of less than 50%. 

 

Given that the treated sound did not show any measurable generalization to 

untreated words throughout the treatment period, generalization to the untreated 

sounds is of keen interest in this participant. Measurable generalization in the 

untreated sounds would suggest that while treatment with the “complex” /®/ phoneme 

did not produce measurable phonological change for the treated sound, it was still an 

efficient and effective treatment target. Indeed, large system-wide phonological 

change was achieved due to the treatment of a single, complex sound.  
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Unlike the lack of generalization seen for his treated phoneme, this sound 

change in the untreated phoneme production began immediately, with increases in 

accuracy evident during the Post-Imitation probe session. More generalization was 

observed during the Post-Spontaneous Production probe, and then production 

accuracy leveled off through the post-treatment probe sessions (Graphs 3.6 and 3.7). 

Thus, the course of generalization for the untreated sounds was monotonic. The fact 

that JG’s production accuracy did not continue to improve after treatment ended 

provides direct evidence that the observed phonological change was due to the 

treatment experience.  

Graph 3.8. Production accuracy of PD2_JG’s treated phoneme, /®/, and each untreated phoneme that 

had a pre-treatment production accuracy of less than 50%. 

 

Looking more closely at each of the untreated sounds, 6 of the 10 phonemes 

showed very large improvements in production accuracy (i.e., generalization). During 

the 2-Week Post probe, five of the sounds (50%) had accuracies greater than 50% 

(Graph 3.8). Thus, as with PD1_BT, it is likely that the non-word treatment with /®/ 
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induced large amounts of system-wide change in PD2_JG’s phonology. No within-

class (liquids) change was observed, though it should be noted that /l/ was produced 

correctly approximately 15% of the time throughout treatment. Thus, that sound 

appeared to be emerging in his phonology. Additionally, JG’s overall intelligibility 

greatly improved throughout the duration of treatment due to the addition of these 

untreated sounds (Table 3.9). 
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Phones added to Phonetic and Phonemic Inventories. JG’s 2-Week Post 

Phonetic Inventory increased by three sounds: /N/, /v/, /l/, with the former sound also 

showing generalization (Table 3.4). His Phonemic Inventory did not change at all 

from pre- to post-treatment (Table 3.5). JG’s treated sound, /®/, was notably not added 

to either inventory. These results are intriguing and provide a different view on the 

phonological change occurring in JG’s sound system. Given that he initially was 

producing nine untreated sounds, as well as his treated sound, in error, one could 

predict that his phonetic and phonemic inventories would be impoverished. In fact, 

that was not the case, as JG had fairly complete sound inventories. He was capable of 

producing many of the sounds, but he was not producing them correctly (i.e., like an 

adult in the ambient language) in their appropriate words and word positions. Thus, 

these results are quite complementary to the generalization findings and provide a 

more complete picture of how much JG’s phonology improved due to treatment. 

Variability in Production Patterns. During the pre-treatment baseline probes, 

JG’s production of his treatment sound, /®/, was highly variable, with 7 different 

substitutions noted, none of which was the target sound (Table 3.10). During the post-

treatment assessment, JG was still not producing the targeted treatment sound; 

however, the variability in his sound production was greatly lessened, with only 3 

different exemplars. Across all of the sounds produced with less than 50% accuracy, 

during the pre-treatment probe sessions JG produced the greatest number of 

substitutions of any of the children in the study: 61 different exemplars for the 11 
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phonemes (ECI = 5.55; Table 3.6). By the 2-Week Post probe session, this variability 

in JG’s productions was nearly cut in half, to just 34 different exemplars for the 11 

phonemes (ECI = 3.09). These results complement the Phonetic and Phonemic 

Inventory results by again demonstrating how JG’s phonology changed due to 

treatment. While he was not necessarily producing every sound correctly, the number 

of substitution errors he made during production of both the treated and untreated 

sounds was greatly lessened over time. Producing a sound in a consistent manner is 

indicative of a more stable sound system; thus, it appeared that JG’s phonology was 

becoming more developmentally appropriate. 
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Table 3.10. PD2_JG’s treated and untreated sounds produced with less than 50% accuracy during the 

pre-treatment probe sessions and his production substitution exemplars for each sound. Note that the 

correct adult-like productions may also be listed. 

 

Discussion. PD2_JG was assigned to the non-word treatment condition using 

the /®/ stimuli. Throughout his treatment program participation, different patterns of 

both onset and course of phonological change were observed for the treated and 

untreated sounds. In terms of his learning of the treatment sound in the treatment 

words, he showed no phonological change throughout the 19 treatment sessions. He 
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also showed no evidence of generalizing his treated sound, /®/, to untreated words. 

Alternatively, half of JG’s untreated phonemes that were monitored over time showed 

immediate generalization at the Post-Imitation probe, with most following a 

monotonic slope of change. No within-sound class change was observed, though /l/ 

was produced to a minimal extent. Across-class system-wide change was 50%. Thus, 

half of JG’s untreated sounds produced with little accuracy before treatment improved 

to at least 50% accuracy by the 2-Week Post probe session (Table 3.3). 

There are multiple reasons for JG’s lack of productive change in the treated 

sound. One possibility was his age. He was the youngest child in the study (enrolling 

right when he turned 3 years old); given that /®/ is often considered one of the most 

“developmentally advanced” phones in English (e.g., Arit & Goodban, 1976; 

Goldman & Fristoe, 2000; Pool, 1934; Wellman, 1931), one might argue that this 

might have been a mismatch in treatment target selection. Additionally, it is arguable 

whether or not he was developmentally “ready” to begin a regimented treatment 

paradigm (regardless of the target sound). Indeed, the first treatment sessions were 

difficult, as he was rather unwilling to sit still and concentrate for longer than a few 

minutes at a time. He was also often unwilling to make eye contact with the clinician. 

A wide variety of treatment tools, games, and toys were employed during the first ten 

treatment sessions in an attempt to find an activity that he enjoyed. By Spontaneous 

Production Session #4, the clinician realized that JG was quite willing to say the 

treatment words in exchange for stickers (especially Disney princess stickers). Once 

this reward system was established, JG’s motivation to work hard increased. In order 
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to increase JG’s eye contact, the stickers were often held up by the clinician’s eyes so 

that he would at least look in the direction of the clinician and her mouth. Consistent 

with his motivation and age, the overall productivity of his treatment sessions, in terms 

of the number of words spoken, varied widely. While his average number of treatment 

tokens was acceptable (125) given his age and motivation to learn, it was perhaps not 

enough productions to bring about phonological change in the treatment sound. 

Another likely contributing factor to JG’s relative lack of productive change 

was a physiological issue. At the initial assessment, JG was diagnosed with a Class II 

malocclusion (i.e., an overbite). His overbite was quite large and it was very difficult 

for him to align his lips on top of each other in order to make a smile, which was a 

first step in trying to produce /®/. Indeed, it has been reported that marked dental 

deviations (e.g., malocclusions) occur more frequently in adults with “inferior” speech 

sound skills (Fairbanks & Lintner, 1951). More specifically, Bernstein (1954) 

observed that speech sound errors were generally not related to malocclusion, except 

in the case of the open bite (i.e., when the teeth do not come together from the first or 

second molar on one side to the same tooth on the opposite side, which is what was 

observed in JG). Thus, it is quite possible that his lack of success in producing his 

treatment sound was at least partially attributable to his large overbite. This 

malocclusion and its potential effects on JG’s speech were discussed at length with his 

mother and at the end of treatment his family was researching pediatric dentists to help 

address this issue. 



 

 

87 

It could be argued that, since PD2_JG did not show any change in his treated 

sound, all of the change in his untreated sounds was purely due to development. That 

is, his sound system was going to change anyway, and his enrollment in the treatment 

program just happened to nicely coincide with this change. While highly unlikely 

(given that none of his untreated sounds demonstrated change during the baseline 

sessions), it is always a possibility. More likely, though, is that the treatment with the 

complex /®/ sound provided him with input that was more advanced than his existing 

phonological grammar (Gierut, 2007). As a result, even though this complex sound 

remained unchanged, the rest of his phonological system did benefit from the 

advanced input, resulting in the system-wide phonological change evidenced in the 

untreated sounds. Such global changes in the absence of improvement on a complex 

treatment target have been observed in other treatment studies as well (e.g., Gierut & 

Champion, 2001). 

A variety of external factors may have influenced the generalization patterns 

seen in the treated and untreated phonemes for JG. His test scores were some of the 

lowest across-the-board among the children in the study. He had the lowest pre-

treatment percentile score on the Goldman-Fristoe Test of Articulation 2 (5
th
 

percentile). This low score implies that his articulation and/or phonology skills were 

initially very poor, and indeed his speech was quite unintelligible for the first few 

treatment sessions. Additionally, JG received the lowest percentile scores on the 

PPVT-3 (45
th
 percentile) and the TELD-3 Receptive (9

th
 percentile) of all the children 

in the study. These receptive language scores suggest that JG’s ability to learn and 
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map new words onto objects was potentially not as developed as some of the other 

children in the study. Unfortunately, given that he was in the non-word treatment 

condition, the mapping of new words onto pictures of objects was a vital part of the 

treatment. JG did learn which words corresponded with which pictures; however, it is 

possible that there was an extra processing load placed upon him (at least initially) to 

not only learn the word-picture mappings, but also the correct pronunciations of the 

nonsense words. Thus, he was arguably behind the other children from the start. It 

would have been interesting to continue providing treatment to JG, just to determine 

how many extra treatment sessions it would have taken before some productive 

phonological change was observed for his treatment sound. If it had been a small 

number, then there would have been support for the fact that he was behind and 

needed a certain number of sessions just to learn the word-object mappings before 

starting to focus on the productions of the words. 

Still, JG’s sound system did improve, despite the lack of change on /®/. In fact, 

not only did JG’s speech production improve due to the treatment, his overall 

language use also improved. JG’s pre-treatment productive language scores were very 

low (TELD-3 Expressive: 21
st
 percentile; TELD-3 Spoken Language Quotient: 10

th
 

percentile). Initially JG’s speech was very telegraphic (i.e., 2-3 word phrases), with 

few recognizable words; however, he was very good at repeating what he heard. In an 

effort to extend his productive phrases, during treatment the clinician also used some 

very basic language phrases in her speech (e.g., “I want X”, “I see X”). She required 

that JG use these same phrases when picking out his stickers (e.g., “I want 
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Cinderella”), as opposed to either just taking one or pointing at it. Moreover, JG began 

preschool 3 months into his treatment program. The clinician, along with his parents 

and babysitter, noticed a very large increase in his productive language skills once he 

became settled into the preschool routine. Thus, it is not easy to say what induced the 

language “burst”, preschool or treatment, but it was another positive indicator that 

JG’s entire speech and language system was undergoing change throughout the 

treatment program. 

3.2.3 PD6_EP Nonce /tS/. 

Learning during Treatment. The learning curve for PD6_EP, who was treated 

with the nonsense /tS/ stimuli, is shown in Graph 3.9. This child showed a very 

delayed pattern of improvement in the production of his treated sound performing at 

baseline levels through the second Spontaneous Production treatment session. 

However, beginning with Spontaneous Production Session #3 and continuing to the 

completion of treatment, EP followed a nonmonotonic learning curve. Some days his 

production accuracy was higher than others (e.g., Spontaneous Production Sessions #3 

and #6), while other days his accuracy decreased (e.g., Spontaneous Production 

Sessions #4 and #7). In general, though, his production of /tS/ was increasing and by 

the end of treatment, he was producing his treatment words with an accuracy of 42%. 

EP’s productions of the treatment words during the Imitation portion of treatment 

ranged from 84 to 137 tokens; this greatly increased when the Spontaneous Production 

treatment sessions began (range: 151 to 216, average: 152). This large increase in 

token productions was due to the fact that he often spontaneously said each target 
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word 3 to 5 times in a turn (as opposed to repeating it just once per turn during the 

Imitation sessions).  

Graph 3.9. Treatment Learning Curve for subject PD6_EP.  

 

Generalization from Treatment. The probe word generalization curves for EP’s 

production of both the treated phoneme, /tS/, and the untreated sounds that were 

initially produced with less than 50% accuracy, /dZ T D z S N ® l/, are shown 

in Graph 3.10. This generalization curve shows that while two of the untreated sounds 

had pre-treatment production accuracies near 40% (/z N/), the other untreated sounds 

and the treated phoneme, /tS/, had very low production accuracies at the onset of 

treatment. EP’s production of the treated sound, /tS/, in the untreated generalization 

probe words did vary, though his productions did continue to improve throughout the 

treatment program, with more stable accuracies observed during the 2-Week Post and 
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2-Month-Post probe sessions.  During the baseline probes, EP’s accurate production of 

/N/ decreased substantially, but that was potentially due to the smaller number of 

words included in those probes that contained /N/. His production of /N/ reached pre-

treatment levels during the Post-Imitation and Post-Spontaneous Production probes, 

and then his generalization increased during the two post-treatment probe sessions. 

The untreated phoneme /z/ maintained a fairly consistent level of production accuracy 

until the Post-Spontaneous Production probe, when EP’s generalization greatly 

increased. His production of /z/ did vary throughout the final probe sessions; however, 

his final production was much more accurate (71%) than it was initially (43%). Other 

untreated sounds showed varying increases in production accuracy (i.e., 

generalization) primarily during the 2-Month-Post probe session. The phoneme /l/ 

showed the largest increase, with /S/ also showing a small increase in accuracy. The 

onset and course of change for both the treated and untreated phonemes was the same, 

with a delayed onset following a (fairly) monotonic course. 
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Graph 3.10. Probe word generalization curve for PD6_EP.  

 

Looking more closely at EP’s generalization of the treated sound, /tS/, to 

untreated words containing that sound, it is clear that it was not until treatment ended 

that he began generalizing the treated sound in untreated words, and then it was only 

at very low levels (approximately 20%; Graph 3.11); however, this overall accuracy 

analysis does not fully represent the change that was occurring in EP’s phonology. EP 

began the treatment program intermittently producing the alveolar affricate /ts/, 

though it was not consistently substituted for the target affricate /tS/. By the end of 

treatment, EP was consistently substituting [ts] for /tS/ in his generalization probe 

words (Table 3.11). While these productions were still viewed as errors, they did 
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demonstrate that EP’s phonology was slowly changing over time, notably becoming 

more consistent. 

Graph 3.11. Production accuracy of PD6_EP’s treated phoneme, /tS/, and all untreated phonemes 

(collapsed together) that had a pre-treatment production accuracy of less than 50%. 
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Turning now to the untreated phonemes, as stated earlier, EP showed the 

greatest phonological change in just two of his untreated phonemes: those that had 

fairly high pre-treatment accuracy levels, /z N/. EP’s generalization of both /z N/ 

reached levels higher than 50% accuracy during the 2-Week Post probe session, but 

none of the other untreated sounds were even close to that level of accuracy, with just 

/l/ showing initial levels of change (Graph 3.12). It is important to keep in mind that 

Graph 3.12 only shows data from the 2-Week Post probe session, and, as we saw in 

Graph 3.10, some of the other untreated sounds were beginning to generalize to 

untreated words during the 2-Month Post probe session. 

Graph 3.12. Production accuracy of PD6_EP’s treated phoneme, /tS/, and each untreated phoneme that 

had a pre-treatment production accuracy of less than 50%. 

 

As was the case with EP’s treated sound, /tS/, the course of generalization for 

the untreated sounds was for the most part monotonic (for those sounds that did 
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demonstrate change). While it is somewhat hard to gauge the onset of change due to 

the variety of generalization patterns for each of EP’s phonemes, for the most part, 

change was delayed, especially when considering the emerging changes seen during 

the 2-Month Post probe session. Based on EP’s data, it is does not appear that the non-

word treatment using /tS/ stimuli created much system-wide change in EP’s 

phonology, especially when the two sounds demonstrating the greatest amounts of 

change were produced with a relatively high amount of accuracy before treatment 

began. No within-class (affricates) change was observed; his productions of /dZ/ 

continued to be inaccurate throughout treatment. 

Phones Added to Phonetic and Phonemic Inventories. Only one sound, /l/, 

was added to EP’s 2-Week Post Phonetic Inventory (Table 3.4); no sounds were added 

to his Phonemic Inventory (Table 3.5). Thus, his treated sound, /tS/, was not added to 

either inventory. This result provides additional, complementary information to that 

observed during the untreated sound generalization, in that only the phonemes /N z 

l/ showed any level of generalization following treatment. While EP did show larger 

amounts of generalization of /N/ and /z/, he did add /l/ to his phonetic inventory. 

Thus, adding /l/ to his inventory was the first step towards eventually generalizing it. 

Variability in Production Patterns. During the pre-treatment baseline probes, 

EP produced his treatment sound, /tS/, with 5 different exemplars, one of which was 

the target sound (Table 3.12). This did demonstrate that he was capable of producing 
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/tS/; however, it was not his consistent target production. By the end of treatment, EP 

was only using 2 exemplars, the target sound, /tS/, and its alveolar affricate 

counterpart, /ts/. Across all of the sounds produced with less than 50% accuracy, EP 

produced 32 different exemplars for his 9 sounds during the pre-treatment baseline 

probes (ECI = 3.56; Table 3.6). The number of variants produced did decrease slightly 

during the 2-Week Post probe assessment to 21 (ECI = 2.33). Thus, similar to 

PD2_JG, EP’s sound production errors were slowly becoming more consistent, which 

is indicative of a more stable phonological system. 
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Table 3.12. PD6_EP’s treated and untreated sounds produced with less than 50% accuracy during the 

pre-treatment probe sessions and his production substitution exemplars for each sound. Note that the 

correct adult-like productions may also be listed. 

 

Discussion. PD6_EP was assigned to the non-word treatment using /tS/ 

stimuli. Throughout his treatment program, EP demonstrated similar learning and 

generalization patterns for both the treated and untreated sounds. During treatment, EP 

showed a delayed, monotonic learning curve in his production of the treated sound in 

the selected treatment words. In terms of generalization to untreated words, all EP’s 

treated and untreated phonemes demonstrated a delayed onset in generalization, but 
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once EP did begin producing them correctly, the learning curves were fairly 

monotonic in shape. His production accuracy continued to improve over time. No 

within-class sound change was observed and minimal system-wide change occurred. 

EP’s delays in learning and generalization were consistent with what was 

observed in everyday interactions with him. In general, EP needed a much longer 

period of time for processing information (e.g., asking him a question required an 

extra few minutes of “wait” time for him to answer). His mother stated that she had 

concerns regarding possible sensory integration problems. Consistent with a possible 

sensory integration problem, EP’s ability to sit still was minimal at best. He appeared 

to have a need to constantly be in motion (rocking back and forth, humming, running 

into walls, etc.). His mother reported that he was much less coordinated than other 

children his age, which was confirmed during treatment sessions. At the end of the 

treatment program, his mother was in the process of getting evaluations for those 

possible sensory integration issues.  

In terms of the standardized assessments, EP was the one child that did not 

improve on his post-treatment Goldman-Fristoe Test of Articulation-2 assessment 

(pre-treatment: 21
st
 percentile; post-treatment: 22

nd
 percentile; Table 3.2). Overall, his 

phonology did improve by the end of the treatment program (as evidenced by fewer 

errors on the test), but given that the Goldman-Fristoe is normed by age, his sound 

system did not improve as much as it should have given his older chronological age. 

Additionally, EP received a relatively low score on the pre-treatment Leiter-R 

Nonverbal IQ assessment (19
th

 percentile). Thus, it is possible that EP had a general 

delay that was not only in the realm of phonology. Nevertheless, it is important to 
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point out that he did meet all the criteria for participation in the study. It was only 

through clinician and parent observation during the treatment sessions that some 

concern regarding a possible cognitive and/or sensory delay arose. Given that it 

appeared PD6_EP needed a much longer period of time for processing information in 

general, the delayed onset for both treated and untreated sounds parallels these 

seemingly delayed general cognitive abilities. 

As stated, the non-word treatment condition did not appear to cause much 

change in EP’s phonology, either within the confines of the treatment sound and 

words or in a system-wide manner to other untreated sounds and words. Anecdotally, 

EP did appear to struggle initially in learning the word-picture mappings of the non-

words. His behavior during some sessions was borderline defiant, in which he refused 

to say the treatment words. Whether this was just a behavioral issue or a 

misunderstanding of what the words meant, is unknown. Again, his low score on the 

non-verbal cognitive test may have been an early indicator of later comprehension 

problems during treatment. Thus, similar to PD2_JG, early in treatment the cognitive 

load of not only learning the word-picture mappings, but also the pronunciations of the 

treatment words may have been too much for EP. Late into the treatment program, 

after he had learned the mappings as well as the general method of production of the 

treatment words, his learning and generalization did improve. 

One other interesting issue to point out was that EP was the only child in the 

research program that did not attend some type of school program (preschool or 

elementary school). Though he was eligible for preschool, his parents had opted not to 

enroll him. While the majority of preschool programs do not focus on the 
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pronunciation of words (or provide speech and language therapy), the social 

interaction with other children who are providing perhaps more adult-like models of 

speech production can be a good experience for children who have phonological 

delays. Thus, it is possible that by not being exposed to other children his age (in a 

school setting), EP did not realize that his speech was “different”. Young children 

often know that their speech is not as good as their parents’ speech, but often once 

they realize that other children their age can speak “well”, this can be a big motivator 

of phonological change. Additionally, preschool teaches children certain pre-academic 

skills, such as sitting quietly and completing activities, which are important for future 

academic (and speech) success. At the end of treatment, his mother was also looking 

into enrolling EP in some type of preschool program so that he could work on his 

social and pre-academic skills. 

3.2.4 PD8_NN Real /tS/.  

Learning during Treatment. The learning curve for PD8_NN, who was treated 

in the real word condition with /tS/, is shown in Graph 3.13. NN showed no 

productive phonological change until well into the Spontaneous Production period of 

treatment. During the last 7 treatment sessions, and specifically in the last 5, NN began 

to produce his treatment sound, /tS/, in a more adult-like manner. Consistent with 

many of the other children in the treatment program, his delayed onset of learning 

followed a monotonic curve, continually improving as he neared the end of treatment. 

At the end of the treatment period, NN appeared to reach a fairly consistent production 

accuracy of approximately 20%. During the first 12 treatment sessions, NN averaged 
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just 90 tokens for a 1-hour treatment session.; however, after his babysitter instated 

new behavioral rules, his average increased dramatically to 141 tokens per session 

(corresponding to his treatment target production accuracy increase). 

Graph 3.13. Treatment Learning Curve for subject PD8_NN.  

 

Generalization from Treatment. The probe word generalization curves for the 

production of NN’s treated phoneme, /tS/, and the untreated phonemes, /dZ T D z 

S/, are presented in Graph 3.14. This generalization curve shows that NN only 

generalized one untreated phoneme, /z/. His accuracy in producing that sound in the 

generalization probes did grow in a continuous, monotonic fashion across the 

treatment probes. It is important to note, however, that it was not until the 2-Week 

Post probe session that his productions achieved accuracy levels that greatly exceeding 

his baseline production levels. NN did not produce his treated sound, /tS/, or any of 

the other untreated sounds in an accurate manner during any of the probe sessions. 
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Thus, other than the one untreated sound, /z/, that followed a somewhat delayed 

monotonic course, none of the other sounds missing from NN’s phonology improved. 

Graph 3.14. Probe word generalization curve for PD8_NN.  

 

 

This lack of generalization is also illustrated in Graph 3.15, in which NN’s 

treated sound, /tS/, is compared to all of the untreated sounds, which were collapsed 

together. As was described for PD6_EP, some subtle phonological change was 

occurring in NN’s sound system as treatment continued. Specifically, NN began the 

treatment program often substituting [d], [s], or [t] for /tS/ in word initial position, 

while producing the alveolar [ts] for target /tS/ in word final position. By the end of 
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treatment, NN was fairly consistent is substituting [ts] for /tS/ in all word positions. 

Again, [ts] was counted as an error, but it was a much more appropriate and 

intelligible substitution for /tS/ than what he used pre-treatment (Table 3.13).  

Graph 3.15. Production accuracy of PD8_NN’s treated phoneme, /tS/, and all untreated phonemes 

(collapsed together) that had a pre-treatment production accuracy of less than 50%. 

 



 

 

105 

 

T
ab

le
 3

.1
3

. 
P

D
8

_
N

N
’s

 p
ro

d
u

ct
io

n
s 

o
f 

p
ro

b
e 

w
o

rd
s 

co
n

ta
in

in
g

 h
is

 t
re

at
ed

 s
o

u
n

d
, 

/t
S

/,
 i

n
 w

o
rd

-i
n

it
ia

l 
an

d
 w

o
rd

 f
in

al
 p

o
si

ti
o

n
s.

 



 

 

106 

Graph 3.16 provides a closer look at NN’s lack of accuracy in the untreated 

sounds. The first thing to note is that only /z/ was produced with a high degree of 

accuracy and thus collapsing that together with the other untreated sounds lessened the 

overall improvement seen in the untreated sounds. Further examination of the pre- and 

post-treatment productions of the individual untreated sounds (Graph 3.16) again 

shows that only /z/ showed any marked improvement in generalization accuracy. 

Thus, no within-class (affricate) or across-class generalization was found in NN’s 

productions following treatment on real words. 

Graph 3.16. Production accuracy of PD8_NN’s treated phoneme, /tS/, and each untreated phoneme 

that had a pre-treatment production accuracy of less than 50%. 

 

Phones Added to Phonetic and Phonemic Inventories. Consistent with his 

overall lack of sound generalization, NN did not add any sounds to his phonetic 

inventory (Table 3.4). He did add /®/ to his phonemic inventory, but that was probably 

more due to a sampling error than a sound change, as /®/ was present in his pre-



 

 

107 

treatment (and post-treatment) phonetic inventory (Table 3.5). NN’s treated sound 

/tS/ was not included in either his phonetic or phonemic inventory; however, it must 

be noted that the alveolar affricates /ts/ and /dz/ were present in both inventories. 

Variability in Production Patterns. During the pre-treatment baseline probes, 

NN’s production of his treatment sound, /tS/, was highly variable, with 7 different 

substitutions noted, none of which was the target sound (Table 3.14). Impressively, 

during the post-treatment assessment, NN had reduced his production variability so 

that his target sound was consistently produced with just one substitute, /ts/. As 

discussed previously, this is not the target postalveolar affricate, but rather its alveolar 

counterpart, and thus was counted as an error. Across all of the sounds produced with 

less than 50% accuracy, NN produced 25 different exemplars for the 6 sounds during 

the pre-treatment assessments (ECI = 4.17; Table 3.6). His production variation for all 

sounds also decreased by the 2-Week Post probe assessment, to just 15 different 

exemplars (ECI = 2.5). This analysis perhaps provides the best assessment of 

phonological change in NN. As in many of the other analyses, he did not demonstrate 

productive change in the treated and untreated sounds; however, as with JG and EP, 

NN’s number of sound substitution errors decreased dramatically from pre- to post-

treatment, thus implying that some underlying sound change occurred: His phonology 

appeared to become more stable. 
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Table 3.14. PD8_NN’s treated and untreated sounds produced with less than 50% accuracy during the 

pre-treatment probe sessions and his production substitution exemplars for each sound. Note that the 

correct adult-like productions may also be listed. 

 

Discussion. PD8_NN was assigned to the real word treatment condition using 

the /tS/ stimuli. Throughout his time in the treatment program, he demonstrated very 

little phonological change in treated and untreated sounds. During treatment, NN 

showed very delayed learning of his treated sound, as it was not until the last 5 

treatment sessions that he began producing the treated sound in the treatment words 

with a consistent but low level of accuracy. His generalization to untreated words 

containing his treatment sound was nonexistent. No within-class (affricates) 

generalization was observed. Additionally, the real word treatment using /tS/ did not 

appear to generate system-wide generalization. Only one sound, /z/, was produced 
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with a relatively high degree of accuracy by the end of the treatment program, with no 

other untreated sound showing any productive phonological change. 

NN was the one child whose overall phonology remained arguably unaffected 

by the treatment program. This was an interesting finding in and of itself, as NN has 

the second highest pre-treatment percentile score (25
th

 percentile) on the Goldman 

Fristoe Test of Articulation – 2. This percentile score was technically within normal 

limits, though at the very bottom (normal range is 25
th

 to 75
th
 percentiles). Thus, it was 

thought that he had the potential to do well within the treatment program due to his 

somewhat established phonological system; this was not the case. While not every 

treatment program will be 100% effective with every child, the lack of change in this 

child was somewhat perplexing. Two potential confounds have been identified and are 

described below. 

The lack of measurable change in production accuracy of his treated sound and 

very minimal, and the delayed, change in production of his untreated sounds is 

perhaps indicative of something other than a phonological delay. NN presented with 

some behaviors commonly associated with Autism Spectrum Disorders (e.g., a 

complete lack of prosody when speaking, tip-toe walking, restrictive interest in cars); 

however, his eye contact and interpersonal interactions were contraindicative. His 

mother reported that he had received speech treatment in the past to target his prosody, 

but she did not provide details of previous treatment so it is unknown exactly what his 

qualifying diagnosis for services was. It is important to note, though, that he did meet 

the speech, language, and cognitive assessment criteria for participation in the study.  
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Additionally, NN’s behavior was often poor and non-compliant, in that he 

would not complete activities as he was told. He was often defiant towards the 

clinician (e.g., sitting under the table and refusing to come out, deliberately speaking 

in a whisper so that the clinician could not hear him, avoiding looking at the clinician). 

Towards the end of his treatment, his babysitter (not his mother) put forth new 

behavior rules for his sessions, which did appear to improve his performance. That 

new structure might be partly the cause of his improvement in the overall number of 

productions, as well as the accuracy of his production, of his treatment words during 

the last 5 to 7 sessions. As stated before, and reiterated here, the number of tokens 

elicited in a single session may also play a very large part in what kind of, and how 

much, progress is seen during a treatment study. 

Again, it is perplexing that the real word treatment program did not work with 

NN. He understood all five of the treatment words, and he appeared to really enjoy his 

treatment story, Chelsea’s Ponytail. He often asked to have that story read to him 

during the treatment sessions, even when that was not part of that day’s protocol (it 

was only used during the 7 Imitation treatment sessions), and usually the clinician 

obliged him as long as he produced some of the words as they appeared in the story. 

As discussed earlier, his productions of /tS/ did improve to a consistent substitution 

error of [ts], which is typically understood by an unfamiliar listener but is still not a 

native-adult-like production. It is possible that his family’s heritage (his parents spoke 

minimal amounts of Tagalog to him) and his babysitter’s first language, Spanish (she 

was from Columbia), may have influenced his speech patterns such as understanding 
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the subtle meaningful difference between /ts/ and /tS/; this seems an unlikely 

explanation, however, given that /tS/ occurs in both Tagalog and Spanish. 

Alternatively, it may simply be that his phonology was just slow to change and he was 

a child who needed more time than what was allotted for in the treatment program. 

3.2.5 PD10_DT Real /T/.  

Learning during Treatment. The learning curve for PD10_DT, who was treated 

with the real word stimuli incorporating the phoneme /T/, is shown in Graph 3.17. 

Consistent with the assumptions of the multiple baseline design (e.g., Gierut et al., 

1999), DT did not demonstrate any change in his production accuracy of his treated 

sound during the baseline sessions. Similar to PD1_BT, DT demonstrated fairly 

immediate phonological change following treatment. He showed minimal amounts of 

change in just the second Imitation treatment session, reaching approximately 10% 

change by the end of the 7 Imitation sessions. DT’s phonological change really 

appeared to take off once he began the Spontaneous Production treatment sessions. By 

the third Spontaneous Production session, his accuracy in producing his treated sound, 

/T/, was over 60% and his learning continued to follow and maintain a monotonic 

curve through the end of treatment. DT produced relatively few treatment words 

during the Imitation phase of treatment (token range: 61 to 104; average: 96). The 

number of words he produced was much greater during the Spontaneous Production 

phase of treatment where he averaged 166 tokens per session, with a range of 110 to 

230. 
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Graph 3.17. Treatment Learning Curve for subject PD10_DT.  

 

Generalization from Treatment. The probe word generalization curves for the 

production of DT’s treated sound, /T/, and his untreated sounds, /D k g/, are shown 

in Graph 3.18. This graph shows a very interesting pattern when DT’s treated sound is 

compared with his untreated sounds. Specifically, DT continued to produce the treated 

sound, /T/, with greater degrees of accuracy, up to the 2-Week Post probe session. 

Then, his accurate production dropped down to nearly 50% at the 2-Month Post probe 

session. Thus, while his generalization of the treated sound was immediate (i.e., 

beginning while treatment was still being administered), its course was nonmonotonic 

due to the dramatic drop in accuracy at the 2-Month Post probe session. All three of 

the untreated sounds also showed immediate generalization during the probe sessions, 

but unlike the treated sound, their generalization curve was monotonic. Additionally, a 

closer examination of these curves shows that while DT’s production of his treatment 
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sound, /T/, decreased from over 80% to nearly 50%, his production of the voiced 

counterpart, /D/, continued to improve over that same time period. Thus, while his 

production accuracy of /T/ did decrease, his ability to produce an interdental sound did 

not “disappear” given that he produced /D/ with a high degree of accuracy. 

Graph 3.18. Probe word generalization curve for PD10_DT.  

 

 

Comparing DT’s generalization of his treated sound, /T/, to his generalization 

of all of his untreated sounds, it is apparent that he generalized his treated sound to a 

larger degree than his untreated sounds (Graph 3.19). Again, his productive accuracy 

of /T/ decreased in the 2-Month Post probe session; this lapse in generalization is 
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demonstrated nicely in Table 3.15. During the last probe session, DT often reverted 

back to his pre-treatment substitution of [f] for /T/; however, this does not mean that 

he was unable to produce the /T/. When the clinician asked him to say the word again 

(a very minimal cue without any articulator placement reminders), DT was typically 

able to produce the target word correctly. Nevertheless, for the sake of consistency, his 

first attempts were those that were scored, and scored as errors. 

Graph 3.19. Production accuracy of PD10_DT’s treated phoneme, /T/, and all untreated phonemes 

(collapsed together) that had a pre-treatment production accuracy of less than 50%. 
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In examining DT’s untreated sounds, it is evident that he was showing signs of 

generalization. Again, all three untreated sounds followed a monotonic curve (Graph 

3.18). DT’s relatively accurate pre-treatment production of /g/ was somewhat 

perplexing, as he did not produce that sound with as much accuracy again until the 2-

Week Post probe session (and then his generalization increased at the 2-Month Post 

probe). Thus, when only looking at the results from the 2-Week Post probe session, it 

would appear that only two of DT’s untreated sound showed improvement: /D k/ 

(Graph 3.20). DT only had three untreated sounds that were produced in error, so the 

potential for system-wide change was limited. DT showed strong within-class 

(fricatives) change, as his production of /D/ was highly accurate at the end of the 

treatment program. Additionally, the degree of change in his /k/ productions shows 

that there was some across-class system-wide change occurring due to his real word 

treatment of /T/. 



 

 

117 

Graph 3.20. Production accuracy of PD10_DT’s treated phoneme, /T/, and each untreated phoneme that 

had a pre-treatment production accuracy of less than 50%. 

 

Phones Added to Phonetic and Phonemic Inventories. DT added his treated 

sound, /T/, to his 2-Week Post phonetic inventory, as well as generalizing it to the 

untreated probe words (Table 3.4). While he did not add /T/ to his phonemic inventory 

(although he generalized it), he did add its voiced counterpart /D/ as well as the velar 

stop /k/, both of which also showed generalization (Table 3.5). The addition of /k/ was 

probably not due to sampling error, as DT consistently produced target velar sounds in 

the alveolar place (i.e., [t] was substituted for /k/; [d] was substituted for /g/). 

Variability in Production Patterns. DT was the one child that did not show 

change in the number, and type, of exemplars produced for his treatment target, /T/. In 

both the pre- and post-treatment assessments, he produced the substitution, [f], as well 

as [T] (Table 3.16). He also showed the least amount of variability reduction from pre- 
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to post-treatment across all of his sounds initially produced with less than 50% 

accuracy. This may be due to the fact that this analysis included only four 

generalization sounds; thus the amount of potential change might have been lessened 

due to the small sample size. During the pre-treatment probes, he produced 16 

different exemplars for the four phonemes produced with less than 50% accuracy (ECI 

= 4.0; Table 3.6); this only decreased to 11 exemplars during the 2-Week Post probe 

session (ECI = 2.75). In general though, the relative lack of change in DT’s sound 

substitution errors suggests that his phonology was stable at the start of treatment. This 

initial stability may have been one of the reasons that he was able to make such great 

changes in his production of both the treated and untreated sounds. Unlike some of the 

other PD children, DT had few substitution errors per sound. Thus, instead of having 

to deal with the unstable sound system that allowed for many different sounds to be 

produced for each target sound, DT could focus solely on altering the fewer number of 

substitution errors into correct adult-like forms. 
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Table 3.16. PD10_DT’s treated and untreated sounds produced with less than 50% accuracy during the 

pre-treatment probe sessions and his production substitution exemplars for each sound. Note that the 

correct adult-like productions may also be listed. 

 

Discussion. PD10_DT was assigned to the real word treatment condition using 

the /T/ stimuli. Throughout his time in the treatment program, he showed immediate 

change in production accuracy of both his treated and untreated sounds, though their 

course of change differed. During treatment, DT showed very immediate learning of 

his treated sound: By the third Spontaneous Production treatment session, his 

productions of the /T/ treatment words were over 60% accurate. This learning curve 

continued to follow a monotonic curve throughout the rest of the treatment sessions. In 

regards to the generalization of the treatment to treated and untreated sounds in 

untreated words, different patterns emerged. His treated sound followed a 

nonmonotonic generalization path, while his untreated sounds continued to improve 

steadily across time (i.e., a monotonic curve). Even though he was not missing many 
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sounds from his phonetic and phonemic inventories, he showed both within-class and 

across-class system-wide change in his phonology. 

The success that PD10_DT showed in treatment was not unexpected for 

several reasons. He was the second oldest child enrolled in the treatment program, thus 

theoretically he had an advantage given that he was more “mature” than some of the 

other younger participants. Still, DT was a very active child. Moreover, his treatment 

sessions were always after his mother finished work and after he had had either a full 

day at daycare and/or kindergarten (approximately 5:30PM), which is not an ideal 

time to keep a 6-year-old focused on somewhat tedious treatment activities. It was 

challenging at times to find activities that would keep him focused on the treatment 

tasks. The clinician often had to incorporate “active” breaks during the 1-hour sessions 

so that DT could move and jump around. Sometimes those breaks included production 

of his treatment words (e.g., saying a word every time he hopped on one foot or did a 

jumping jack). Those words were never counted in his final tallies for the day, as he 

was typically not focused on saying the words and it would have been unfair to count 

his inaccurate productions. 

The sound chosen for DT’s treatment, /T/, may have been another possible 

reason for DT’s treatment success. While /T/ is considered to be developmentally 

complex, with mastery levels as late as 8 years of age (e.g., Goldman & Fristoe, 2000; 

Jakobson, 1968 [1941]; Lowe, 1994; Sander, 1972; Smit et al., 1990), /T/ is a very 

visual sound to model, which in turn may learning to produce the sound easier. In 

other words, it is very easy to see how to place the articulators (tongue, teeth, lips) in 
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order to produce the sound correctly. A tongue depressor and mirror were used 

extensively with DT, with the former allowing DT to measure how far out his tongue 

protruded (as sticking it out too far would produce an excess amount of saliva and 

poor sound quality), and the latter allowing him to observe his own production of the 

target sound (as opposed to the clinician’s).  

DT’s age and experience producing the treatment sound /T/ incorrectly (with 

the [f] substitute) probably worked against him, especially since he was placed in the 

real word condition. His decreased accuracy levels during the 2-Month Post probe 

session might be representative of old/bad habits; however, as mentioned previously, 

he was able to self-correct his productions with a simple reminder to say the word 

again. By the end of treatment, he did not require placement cues (e.g., “smile and 

stick your tongue between your teeth”) to produce his sound correctly. 

3.2.6 PD11_JB Nonce /tS/.  

Learning during Treatment. The learning curve for PD11_JB, who was treated 

using the nonsense /tS/ stimuli, is displayed in Graph 3.21. Similar to many of the 

other children in the treatment program, he did not show any productive phonological 

change during the Imitation treatment sessions. Midway through the Spontaneous 

Production phase, however, his accuracy of /tS/ began to improve. By the final 

treatment session, JB was producing his treatment words with greater than 50% 

accuracy. He averaged 102 tokens during the Imitation treatment phase (range: 71 to 
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141) and 158 tokens during the Spontaneous Production treatment phase (range: 125 

to 217). 

Graph 3.21. Treatment Learning Curve for subject PD11_JB.  

 

Generalization from Treatment. The probe word generalization curves for the 

production of both JB’s treated sound, /tS/, and his untreated phonemes that had pre-

treatment production accuracies of less than 50%, /dZ T D z S k ®/, are shown in 

Graph 3.22. This generalization curve shows that all of JB’s untreated sounds but one, 

/®/, were produced with less than 20% accuracy during the pre-treatment probe 

sessions. JB’s generalization of his treated sound to untreated words followed a 

delayed monotonic course. He showed minimal improvement during the Post-

Imitation and Post-Spontaneous Production probes, but it was during the 2-Week Post 

and 2-Month Post probe sessions where his production accuracy showed greater 

change (though still relatively minimal, at around 30%).  
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Graph 3.22. Probe word generalization curve for PD11_JB.  

 

 

In regards to his untreated sound generalization, there were multiple patterns of 

improvement. Most of his untreated sounds also followed a delayed monotonic 

generalization curve, with many of the sounds showing improvement in accuracy only 

during the 2-Month Post probe session. JB’s generalization of /z/ to untreated words 

followed a different course: immediate and nonmontonic. His accuracy of /z/ 

improved greatly during the Post-Imitation probe session (jumping from 

approximately 15% to 73% accuracy). After that probe session, his productions 

decreased to around 50% then increased to 75% and then decreased again to 58%. 

Overall, his accuracy of /z/ improved throughout the treatment program. Interestingly, 
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although it had the highest pre-treatment accuracy ratings, JB’s production accuracy of 

/®/ did not change throughout the course of the treatment program. 

Comparing JB’s production of his treated sound, /tS/, to all of his untreated 

sounds collapsed together, it is apparent that initially (during the Post-Imitation probe) 

his untreated sounds showed greater generalization than his treated sound (Graph 

3.23); however, overall, the untreated sounds did not greatly increase in accuracy 

across the remaining probe sessions. His treated sound, /tS/, did show greater 

generalization than his untreated sounds during the 2-Week Post probe. During the 2-

Month Post probe, both types of sounds showed similar levels of generalization. JB’s 

production of word-initial /tS/ was fairly well established during the Post-

Spontaneous Production probe; however, his phonology did not allow for the 

production of word-medial and word-final /tS/ throughout the course of the treatment 

program (Table 3.17).  
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Graph 3.23. Production accuracy of PD11_JB’s treated phoneme, /tS/, and all untreated phonemes 

(collapsed together) that had a pre-treatment production accuracy of less than 50%. 
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Looking more closely at JB’s untreated sounds, it is apparent that his non-word 

treatment induced phonological change in the monitored untreated sounds (Graph 

3.24). While only one of the untreated sounds, /z/, showed greater than 50% accuracy 

at the 2-Week Probe session, two others showed at least 20% improvement: /D k/. 

Thus, while not every untreated sound showed phonological change, it is most likely 

that JB’s non-word treatment for /tS/ did induce system-wide, across-class change. 

Additionally, an early indication of within-class (affricates) change was apparent with 

the small increase in accuracy of /dZ/.  

Graph 3.24. Production accuracy of PD11_JB’s treated phoneme, /tS/, and each untreated phoneme 

that had a pre-treatment production accuracy of less than 50%. 

 

Phones Added to Phonetic and Phonemic Inventories. The inventory analyses 

provided more evidence of system-wide change in JB’s phonology. He added three 

sounds, including his treatment sound, to his phonetic inventory: /S/, /tS/, and /dZ/ 
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(Table 3.4). He added an additional six sounds, including his treatment sound, to his 

phonemic inventory: /t/, /k/, /g/, /D/, /z/, and /tS/ (Table 3.5). These results are quite 

complementary to his sound generalization results, given that he only generalized /z/ 

with greater than 50% accuracy. Thus again, it appears that while he was able to add 

sounds to his inventories, he had not yet generalized them appropriately in probe 

words. 

Variability in Production Patterns. During the pre-treatment baseline probes, 

JB’s production of his treatment sound, /tS/, was highly variable, with 5 different 

substitutions noted, none of which was the target sound (Table 3.18). During the post-

treatment assessment, JB was producing the targeted treatment sound; however, he 

still showed large amounts of variability, as 4 other sounds were also substituted for 

the treatment sound. Across all of the sounds produced with less than 50% accuracy, 

during the pre-treatment probe sessions JB produced 33 different exemplars for 8 

phonemes (ECI = 4.13; Table 3.6). By the 2-Week Post probe session, the variability 

in JB’s phonology was lessened, as he produced 21 different exemplars (ECI = 2.63). 

While his overall variability decreased by just 36%, it must be noted that many of the 

word-initial glottal stop substitutions that were prevalent in his pre-treatment 

phonology were eliminated post-treatment, substituted with other sounds. Thus, JB 

was learning to mark sound positions with more typical sounds, even if they were not 

the correct sounds, which was an improvement to his overall intelligibility. Again, as 

with many of the previous PD children, JB’s sound errors decreased over time, 
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indicative of a more stable phonological system that would be ready to accept and 

create change towards more adult-like productions. 

Table 3.18. PD11_JB’s treated and untreated sounds produced with less than 50% accuracy during the 

pre-treatment probe sessions and his production substitution exemplars for each sound. Note that the 

correct adult-like productions may also be listed. 

 

Discussion. PD11_JB was assigned to the non-word treatment condition using 

the /tS/ stimuli. Throughout his time in the treatment program, similar patterns of 

both onset and course of phonological change were observed for both treated and 

untreated sounds. During treatment, JB’s production of his treated sound began to 

show signs of learning mid-way through the Spontaneous Production phase of 

treatment. His learning curve followed a monotonic curve throughout the remaining 
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treatment sessions and by the end of treatment his productions of the /tS/ treatment 

words were over 50% accurate. JB showed similar patterns of improvement in 

generalizing his treated sound, /tS/, and his untreated sounds to untreated probe 

words. Both types of sounds showed a delayed onset in improvement, but once 

improvement began to occur, both followed a monotonic curve. No within-class 

generalization was observed, but three of his untreated sounds showed significant 

improvement, thus demonstrating across-class generalization due to his non-word 

treatment. PD11_JB began the treatment program with a very severe phonological 

delay. Throughout the course of treatment, his sound system was in nearly constant 

flux and thus showing true change was difficult. The fairly consistent finding of 

delayed onset for both the treated and untreated phonemes (at 2-Months Post) is 

perhaps indicative of a much more stable phonological system. 

JB was arguably the child with the most severe phonological delay in the 

program (pre-treatment Goldman-Fristoe Test of Articulation-2 percentile score of 6). 

At the beginning of the program, his speech was characterized by very few word 

initial consonants, most being replaced by glottal stops. This lack of word-initial 

consonants (other than the glottal stop) is a hallmark of a phonological disorder (e.g., 

Carson, Klee, Carson, & Hime, 2003). Moreover, the lack of word-initial consonants 

made his speech very unintelligible to both familiar and unfamiliar listeners.  

During the initial Imitation treatment sessions, JB used a variety of 

substitutions for /tS/. Whatever sound he would produce as a substitution for /tS/, he 

would say that sound in isolation, pause, and then say the rest of the word. Many of 
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the Imitation treatment sessions focused on having him learn to combine the sounds of 

the words together. Finally, during some of the initial Spontaneous Production 

treatment sessions he was able say each treatment word without a pause between the 

initial phoneme and the rest of the word. The fact that he was able to produce words 

with word-initial sounds other than the glottal stop by the end of treatment was a great 

improvement in JB’s phonology in and of itself, and his intelligibility was also greatly 

improved as a result. This treatment effect generalized widely across his phonology, 

affecting many (real) words that he produced.  

During the initial Imitation treatment sessions, JB was unable to produce /S/, 

which is a necessary component of the phoneme /tS/. Basically, he was unable to 

pucker his lips together; he did not know what to do with his tongue or his lips in 

order to produce that sound correctly. Thus, some treatment time was spent working 

on not only the /tS/ sound, but also the basics of lip puckering and learning to 

produce the “shhh” sound. 

Given that he was nearly 4 years old upon entrance to the research study, JB 

was a typical active little boy. He had his days in which it was difficult for him to sit 

still for an hour and work on his speech. Given that speech is part of the motor 

production system, the clinician encouraged him to coordinate various arm actions 

with his production of his treatment sound and words. Specifically, since multiple /tS/ 

phonemes sound like a train, we incorporated a train whistle arm movement every 

time he said the sound. This encouraged him to “extend” the sound as he initially often 
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substituted [t] for /tS/ (i.e., deaffrication).  The arm movement was a physiological 

cue for him to produce the air pattern in such a way so that the sound was affricate-

like in nature and not a stop sound. JB enjoyed being able to “dance” while he said his 

words. 

Initially, JB was somewhat resistant to the non-words. He would often 

substitute the real word instead of the non-word during his story re-tell in the Imitation 

phase of treatment. The clinician would correct him and provide the correct non-word 

and remind him that we were using the “new” words instead of the old, familiar 

words. JB’s reluctance to use the non-words may have been partially due to his severe 

phonological delay. He was a very smart little boy and was aware that many people 

did not understand what he was saying. So, to him, making him use these “funny” 

non-words was just going to make his speech that much less understandable. 

Additionally, it was possible that he realized he had problems producing the real 

words accurately, so it did not make sense to make him learn even more (essentially 

synonymous) words that he could not produce correctly either. Nevertheless, by the 

time the Spontaneous Production phase of treatment began, JB’s attitude toward the 

non-words had changed. This change could have been due to the fact that he was 

noticing improvement in his speech, or maybe because he had just accepted the non-

words as viable treatment words. Either way, by the end of treatment he was treating 

his non-words as real words. 

Due to his severe phonological delay, JB had received speech therapy before 

enrolling in this research program; however, he had stopped treatment sessions for the 
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summer, approximately three months prior to beginning his treatment in the present 

research program. His previous therapy sessions were in a group of 3 to 6 preschool 

children and (per father report) centered more on play than on improving his speech. 

Given the lack of personal attention JB had received in his previous therapy group, his 

father was not concerned about withdrawing him from his school-based program. He 

re-entered his school-based program approximately one month after finishing the 

treatment protocol of the research program. His parents were very pleased with the 

progress he made during his six months in the current treatment program (post-

treatment GFTA-2 percentile score of 25), attributing a lot of his success to the 

intensive (2 hours/week) one-on-one therapy that was “work” for JB, but also included 

lots of games and activities that he enjoyed. Moreover, his father later reported that his 

school-based program had to completely re-write their Individualized Education Plan 

(IEP) goals for JB since he had surpassed the goals (in 6 months) they had written for 

him to achieve over the course of 2 years. This parental report (though second-hand, 

as the clinician never saw a school speech language pathologist report) is perhaps the 

greatest positive finding of the research program. The fact that an intensive, one-on-

one one treatment paradigm using unfamiliar non-words can induce enough system-

wide phonological change to require the re-writing of goals is direct evidence that this 

non-word treatment can be efficient and effective, even in children with severe 

phonological delays. 

3.2.7 PD13_LA Real /®/.  



 

 

134 

Learning during Treatment. The learning curve for PD13_LA who was 

enrolled in the real word treatment condition with /®/ is shown in Graph 3.25. As is 

evident from the graph, her production accuracy of the treatment words followed the 

most uneven, nonmonotonic curve of all the children in the program. By the end of the 

Imitation phase, she was beginning to show some signs of learning (7% accuracy). Her 

performance during the Spontaneous Production phase was more varied, as on some 

days she was much more accurate in her productions (e.g., Spontaneous Production 

Session #5) than other days (e.g., Spontaneous Production Session #6). However these 

large fluctuations in her production accuracy are indicative that phonological change 

was beginning to occur (Isermann, 2001; Tyler & Lewis, 2005) and it was to be only a 

matter of time before her phonology would change. In general though, her production 

of her treated sound, /®/, did increase throughout the treatment program and by the 

final treatment session, she was producing her treatment words with 32% accuracy. 

During the Imitation phase of treatment, LA averaged 104 tokens per session (range: 

75 to 129) while during the Spontaneous Production phase she averaged 141 tokens 

(range: 82 to 188).  
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Graph 3.25. Treatment Learning Curve for subject PD13_LA.  

 

 

Generalization from Treatment. The probe word generalization curves for 

LA’s production of the treated sound, /®/, and the untreated phonemes that had pre-

treatment accuracy levels of less than 50%, /f v T D z S N g/, are shown in 

Graph 3.26. There are many interesting findings and patterns to point out in this graph. 

Starting with her treatment target, /®/, it is evident that her generalization to untreated 

words containing the treated sound was delayed, as virtually no generalization 

occurred until the 2-Month Post probe session; however, during that assessment, LA’s 

production of /®/ in the untreated words increased substantially (to 36%).  
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Graph 3.26. Probe word generalization curve for PD13_LA.  

 

While LA’s generalization of her treatment sound was delayed, generalization 

to untreated sounds was immediate. By the Spontaneous Production probe session, 7 

of the 8 untreated sounds were produced with greater than 60% accuracy. All of the 

untreated sounds that showed improvement followed a monotonic curve. Moreover, 

three of the sounds even reached 100% accuracy by the post-treatment probe sessions, 

which was a great improvement from her pre-treatment accuracy levels. Interestingly, 

the one sound in LA’s phonology that did not improve during the treatment process 

was /N/. LA’s production of /N/ remained constant and minimal (4-12% accuracy). 

The different generalization onset patterns of LA’s treated and untreated sounds are 

clearly visible in Graph 3.27. The untreated sounds show fairly large increases in 

accuracy during even the Post-Imitation probe assessment with consistently high 
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accuracy levels through the final three probe sessions. Alternatively, LA’s 

generalization of /®/ to untreated words is not apparent until the 2-Month Post probe 

session. Given that her production of /®/ was still less than 50% during the last probe 

session, a closer examination of her productions of the generalization words shows a 

distinct word position effect (Table 3.19). Even though her real word treatment 

focused on /®/ in word-initial position, very few (if any) of her accurate /®/ 

productions were in that word position. Instead LA produced many word-final /®/ 

sounds correctly; this is interesting given her dialect (to be discussed more later).  

Graph 3.27. Production accuracy of PD13_LA’s treated phoneme, /®/, and all untreated phonemes 

(collapsed together) that had a pre-treatment production accuracy of less than 50%. 
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Looking more closely at LA’s generalization to untreated sounds, Graph 3.28 

provides a vivid display of across-class system-wide generalization. Again, all but one 

of her untreated sounds showed greater than 70% generalization during the 2-Week 

Post probe session. No within-class (liquids) generalization was possible, as she was 

already producing /l/ with a high degree of accuracy prior to her entrance in the 

treatment program. Thus, it is apparent that the real word treatment with /®/ stimuli 

appeared to create large system-wide change in LA’s phonology. 

Graph 3.28. Production accuracy of PD13_LA’s treated phoneme, /®/, and each untreated phoneme that 

had a pre-treatment production accuracy of less than 50%. 

 

Phones Added to Phonetic and Phonemic Inventories. Consistent with her 

sound generalization patterns, LA added /D/ and /S/ to her phonetic inventory (Table 

3.4). Even more impressive was that she added and generalized six sounds, all 

fricatives, to her phonemic inventory: /f/, /v/, /T/, /D/, /z/, and /S/. She also added /tS/, 
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/dZ/, and /h/ to her phonemic inventory, though none of those sounds showed 

generalization improvement (Table 3.5). Thus, not only did treatment cause her to add 

sounds to her inventories, it also created system-wide change as evidenced by her 

sound generalization patterns. Notably, though, LA’s treatment sound, /®/, was not 

added to either inventory. 

Variability in Production Patterns. During the pre-treatment baseline probes, 

LA’s production of her treatment sound, /®/ was more consistent than many of the 

other children, with just 3 different substitutions noted, none of which was the target 

sound (Table 3.20). During the 2-Week Post probe assessment, LA still was not 

producing her treatment sound (though she would by the 2-Month Post probe), but her 

substitutions were reduced to just the typical glide substitution, [w], as well as 

omission (i.e., during /®/ clusters and at the ends of words). In terms of all of the 

sounds produced with less than 50% accuracy, initially LA produced 28 different 

variants for 9 phonemes (ECI = 3.11; Table 3.6). Her phonology became much more 

consistent by the end of treatment when she produced just 13 variants, a 54% decrease 

(ECI = 1.44). As discussed with respect to DT’s results, the fact that there were so 

many fewer substitution errors in LA’s pre-treatment productions may be a primary 

reason for the large amount of system-wide phonological change. Being able to focus 

on changing just a few substitution errors (as opposed to many) may have allowed the 

change to occur throughout her phonological system. 
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Table 3.20. PD13_LA’s treated and untreated sounds produced with less than 50% accuracy during the 

pre-treatment probe sessions and his production substitution exemplars for each sound. Note that the 

correct adult-like productions may also be listed. 

 

Discussion. PD13_LA was assigned to the real word treatment condition using 

the /®/ stimuli. Throughout her time in the treatment program, different patterns of 

both onset and course of phonological change were observed for the treated and 

untreated sounds. During treatment, LA showed some early evidence of learning her 

treated sound; however, her productions of the /®/ treatment words followed a 

nonmontonic curve and were variable throughout the treatment program. Her 
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production accuracy of the treatment words did continue to improve, and by the end of 

treatment, she was producing /®/ with over 30% accuracy. LA showed different 

patterns of generalization for her treated and untreated sounds. Her treatment sound 

followed a delayed monotonic course, while her untreated sounds showed immediate 

generalization and also followed a continual monotonic curve. Additionally, there was 

large across-class system-wide change in LA’s phonology, with 7 of the 8 sounds 

produced with less than 50% accuracy pre-treatment, being produced with greater than 

70% accuracy by the 2-Week Post probe session. No within-class generalization was 

possible, due to her pre-treatment mastery of /l/. 

LA’s phonological change was one of the greatest observed in all the children 

participating in the research program. While her production accuracy for the treatment 

words and her generalization of the treated sound, /®/, did not reach 50% accuracy at 

the end of the protocol, the broad across-class system-wide change observed was very 

impressive. Additionally, her post-treatment percentile score on the Goldman Fristoe 

Test of Articulation – 2 was very high (73
rd

 percentile) providing further evidence of 

large phonological change due to treatment. Her success in the treatment program can 

be attributed to multiple factors. 

One of the first things to mention is the fact that LA was on the only female 

participant in the phonological treatment. It is a fact that speech and language 

disorders are more prevalent in males than females (Smit et al., 1990), and the 1:7 

ratio in this study supports that claim. In general females typically perform better on 

speech and language measures, and so it was not surprising that LA showed greater 
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amounts of improvement across-the-board than most of her male counterparts. While 

being somewhat of a stereotype, the fact that LA was a girl perhaps also made the 

treatment sessions more predictable and consistent. She was much more attentive, 

focused, and less active than most of the boys in the study, making it much easier for 

her to sit at the table and complete the treatment tasks.  

Nevertheless, LA’s productivity did vary from treatment session to treatment 

session. One possible reason for this was that her preschool schedule changed mid-

way though treatment and so, instead of having her normal late morning appointment, 

her treatment sessions were switched to late afternoon. On at least three occasions LA 

had fallen asleep in the car on the way to the treatment session and had to be woken up 

by her parents, which made her very unhappy. Multiple sessions began with LA in 

tears and unwilling to do any work; in those instances, the treatment session was 

delayed by as much as 20 minutes as she woke up. Yet, when LA came to her 

treatment sessions well-rested, she was a very pleasant child who appeared to enjoy 

the different treatment tasks. There was one task that she refused to do: the story re-

tell during the Imitation treatment sessions. More than once she nearly broke down in 

tears when the clinician told her it was her turn to tell the story. In order to ensure that 

she had as many potential exposures to the treatment words as all the other children, 

the clinician provided an abbreviated retelling of the story for LA. 

As mentioned previously, LA’s production of /®/ may have been affected by 

her dialect. She was the child of an Australian Navy sailor who was completing a 2-

year job exchange in San Diego during the time of her enrollment in the research 
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program. Thus, LA was Australian and spoke Australian English. It is common in 

Australian English for word-final /®/ to be dropped (e.g., “hair” [he:]) while forms that 

would have rhotic vowels in American English are realized as non-rhotic (e.g., “other” 

[ D´] (Cox & Palethorpe, 2007). Thus, based on her dialect, it was perfectly 

acceptable for LA to drop her word-final /®/. While her productions of /®/ were 

monitored in all contexts, including final position, we were prepared to avoid 

penalizing her if productions were attributable to her dialect, rather than an error. 

Interestingly, as discussed earlier, during the 2-Month Post probe session, LA was 

producing word-final /®/, even though she was not receiving that model from her 

parents, nor was it the focus of treatment. Her mother thought that the influence of her 

preschool teachers and friends was “Americanizing” her word-final /®/ productions 

(e.g., “car”). 

Again, LA’s phonology showed great amounts of system-wide change due to 

her treatment with the real word /®/ stimuli. While she was on the shy and quiet side, 

LA had a good vocabulary and great receptive language and non-verbal cognitive 

skills (based on her pre-treatment assessments). While enrolled in preschool for the 

entire duration of her time in the research program, her parents switched her to a 

different school midway though, and increased her attendance to 3 days per week. The 

clinician observed a gradual increase in the amount of verbal information that LA 

would share during the treatment sessions, with LA being much more expressive 

during the latter part of the treatment program. It is possible that increasing the amount 
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of opportunities LA had to practice speaking (with peers her own age) was a big 

contributing factor to her speech improvements. LA’s word-final American /®/ used 

by her peers and teachers in preschool, but not by her parents, provides some 

supporting evidence to this theory.  

Finally, her system-wide phonological change may have been due at least in 

part to the complexity of the real word /®/ stimuli. Depending on what developmental 

norm guidelines one references, /®/ is not thought to be a stable part of a child’s sound 

system until 4 to 8 years of age (Goldman & Fristoe, 2000; Jakobson, 1968 [1941]; 

Lowe, 1994; Sander, 1972; Smit et al., 1990); however, following the complexity 

theory rationale (Gierut, 1998, 2001, 2007; Gierut et al., 1996; Thompson, 2007; 

Thompson et al., 2003), /®/ was an appropriate target for her, given the large number 

of sounds she produced in error. From the outset, the clinician acknowledged that 

while it was possible that she would not produce /®/ correctly by the end of treatment, 

it might make the greatest impact on her system-wide phonological change, and 

indeed that appears to be what happened. LA’s results complement a study by Gierut 

et al. (1996) who compared children being treated on sounds that were classified as 

early-acquired sounds to those being treated on later acquired sounds. While all the 

children demonstrated generalization to the treated sound and other sounds within its 

manner class (e.g., fricatives), system-wide sound generalization was only observed in 

the children treated with later acquired sounds. Moreover, generalization was 

immediately apparent in the children treated with the late acquired sounds, while it 
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was delayed in the children treated with the early-acquired sounds. Thus, while it was 

potentially counter-intuitive to use a late-acquired sound as the treatment, this choice 

appeared to only enhance the results. 

3.2.8 PD15_MC Real /tS/.  

Learning during Treatment. The learning curve for PD15_MC, who was 

treated in with the real word /tS/ stimuli, is presented in Graph 3.29. As is evident 

from the graph, MC did not show any productive change through the Imitation phase 

of treatment. By the third Spontaneous Production treatment session he started to show 

some improvement in the production of his treated sound, /tS/. Thus, his learning was 

immediate, as it occurred during treatment. His learning curve followed a fairly 

monotonic curve, though there were some subtle fluctuations in his accuracy towards 

the end of treatment. On his final day of treatment, MC produced his treatment words 

with 39% accuracy; however, during the previous session, his word production 

accuracy was 47%. During the Imitation phase of treatment he produced on average 

108 tokens per session (range: 96 to 131). He averaged 145 tokens during the 

Spontaneous Production phase, with a range of 116 to 199 tokens per session. 
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Graph 3.29. Treatment Learning Curve for subject PD15_MC.  

 

Generalization from Treatment. The probe word generalization curves for 

MC’s treated sound, /tS/, and his untreated sounds that were produced with less than 

50% accuracy, /dZ T D z S/, during the pre-treatment probe sessions are presented 

in Graph 3.30. It is evident that there was variability in MC’s production of some of 

his untreated sounds, though it is important to note that his production of /tS/ 

remained at 0% accuracy throughout the baseline sessions. From the Post-Imitation 

probe session to the Post-Spontaneous Production probe session, MC’s generalization 

of his treated sound went from 0% to 78% – a very large phonological change! He was 

able to maintain that level of accuracy and improve upon it through the 2-Month Post 

probe session, during which he produced his treated sound, /tS/, in untreated words 
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with 100% accuracy. Thus, MC fully generalized his treated sound to untreated words 

in all viable word positions. 

Graph 3.30. Probe word generalization curve for PD15_MC.  

 

MC also demonstrated some evidence of generalization to untreated sounds in 

untreated words. Specifically, /S/ and /dZ/ showed large amounts of improvement in 

production accuracy. Both of these sounds followed a very similar generalization 

curve trajectory of his treated sound, /tS/. This similar learning and generalization is 

not unexpected due to the similarities of /S/ and /dZ/ to /tS/. As noted before, /S/ is a 

component sound of /tS/; thus, being able to produce /tS/ correctly would also 

potentially cause change in /S/. Moreover, /dZ/ and /tS/ are both affricates that differ 
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just in voicing, with /dZ/ being the voiced sound in the pair. Thus, once MC learned 

how to produce /tS/, it was just a matter of learning to control his vocal folds in order 

to produce /dZ/. MC did not demonstrate any consistent change in his production of 

the other three untreated sounds, /z T D/. These null results are interesting and will 

be discussed in more detail later.  

Graph 3.31. Production accuracy of PD15_MC’s treated phoneme, /tS/, and all untreated phonemes 

(collapsed together) that had a pre-treatment production accuracy of less than 50%. 

 

Looking more closely at the MC’s treated sound, /tS/, as it compares to all of 

his untreated sounds collapsed together, it is evident that his generalization of /tS/ to 

untreated words was immediate and monotonic (Graph 3.31). His generalization to the 

untreated sounds was also immediate, but to a lesser extent, primarily because only 
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two of the five untreated sounds showed large improvements in production accuracy. 

MC’s productive change in /tS/ is also very clearly shown in Table 3.21 in which his 

productions of the untreated words are charted over time. Initially, he substituted [T] 

for /tS/ in many situations, but over time that production changed first to a distorted 

[ts], and then finally to the target /tS/.  
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Further examination of MC’s untreated sounds shows a very clear-cut 

distinction between the untreated sounds that were phonetically related to his treated 

sound and the untreated sounds that were less similar to /tS/. Graph 3.32 again shows 

how /dZ/ and /S/ were generalized by the 2-Week Post probe session, while /z T D/ 

were not. Thus, the real word treatment of /tS/ appeared to create some system-wide 

phonological change. Both within-class (affricates) generalization with /dZ/ and 

across-class generalization were observed in MC’s phonology. 

Graph 3.32. Production accuracy of PD15_MC’s treated phoneme, /tS/, and each untreated phoneme 

that had a pre-treatment production accuracy of less than 50%. 

 

Phones Added to Phonetic and Phonemic Inventories. The three sounds that 

MC added to his phonetic inventory were also the three sounds for which he showed 

sound generalization during the probe assessment: /S/, /tS/, and /dZ/ (Table 3.4). MC 
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added additional sounds to his phonemic inventory as well: a distorted /z/, /S/, /tS/, 

/j/, and /p/ (Table 3.5). It is likely that the latter two sounds were an effect of poor 

sampling, as they were present in his pre-treatment phonetic inventories. Additionally, 

while MC generalized /dZ/, it was not included in his phonemic inventory, again 

possibly due to sampling issues. Importantly though, his treated sound, /tS/, was 

added to both his phonetic and phonemic inventories.  

Variability in Production Patterns. MC’s productions of his treatment sound, 

/tS/, were fairly consistent during the pre-treatment baseline probes: Just three 

different variants were noted, none of which was the target sound (Table 3.22). His 

phonology became even more consistent and accurate by the end of treatment, with his 

productions being consistent with the adult-model, /tS/. Thus, he was only the second 

child (PD1_BT being the first) in the treatment program that learned to produce his 

treated sound without any variants. Across all of the sounds produced with less than 

50% accuracy, MC produced 20 different exemplars for 6 sounds during the pre-

treatment probes (ECI = 3.33; Table 3.6). His phonology became much more 

consistent by the 2-Week Post probe, during which he produced just 10 exemplars for 

those 6 sounds (ECI = 1.67). This reduction in substitution errors, specifically in the 

treated sound, was a potentially important factor in the large amount of phonological 

change that occurred in MC’s phonology. The fact that he was able to master his 

treated sound potentially allowed for large amounts of generalization to occur for the 

two other phonetically similar phonemes.  
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Table 3.22. PD15_MC’s treated and untreated sounds produced with less than 50% accuracy during the 

pre-treatment probe sessions and his production substitution exemplars for each sound. Note that the 

correct adult-like productions may also be listed. 

 

Discussion. PD15_MC was assigned to the real word treatment condition using 

the /tS/ stimuli. Throughout his time in the treatment program, similar patterns of 

both onset and course of phonological change were observed for both treated and 

untreated sounds. During treatment, MC showed relatively immediate learning of his 

treated sound, as by the fifth Spontaneous Production treatment session, his 

productions of the treatment words were beginning to improve. His learning curve 

followed a nonmonotonic curve through the rest of the treatment administration, with 

his final production accuracy near 40%. Similar patterns of generalization were 

observed for the treatment sound, /tS/, and the two untreated sounds most similar to 
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it. These three sounds showed immediate change and followed a monotonic curve, 

continually improving throughout the treatment program. The other three untreated 

sounds did not show any measurable improvement during the treatment probes. Both 

within-class and across-class generalization was found, but again this was only in the 

sounds most similar in phonetic nature to the treatment sound.  

While MC met the criteria for participating in the research program, as 

treatment went on, the clinician began to question (somewhat) the nature of MC’s 

speech disorder. It was possible that MC’s speech patterns could be somewhat 

attributed to his mother and/or a physiological issue. Specifically, when he was 

younger, MC’s mother had taken it upon herself to try to teach him to speak 

“correctly”; however, her only cue to him was to keep his tongue behind his teeth. As 

a result, all of his sounds were produced behind his lower teeth (versus his upper 

teeth). Moreover, MC appeared to have a shortened lingual frenulum (the flap of skin 

that connects the tongue to the bottom of the mouth), which somewhat restricted his 

tongue movements. As a result of his mother’s teaching and his potentially shortened 

lingual frenulum, MC was initially unable to produce any sound along the roof of his 

mouth (i.e., alveolar, palatal alveolar, palatal, etc.). Additionally, perhaps due to a 

combination of these issues, his production of /z/, and /s/ to a lesser extent, was 

lateralized. In other words, his /z/ and /s/ sounds were produced with a strong lisp. To 

rid MC of those maladaptive speech production patterns, the clinician needed to use 

direct placement with many verbal/tactile (e.g., “put your tongue in the hole on the top 

of your mouth”) and physical (“pull the train whistle while you say the sound”) cues. 
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Once he learned to put his tongue on the roof of his mouth to produce speech, his 

speech improved very quickly. It must be mentioned though that MC’s speech was 

still marked by a lateralized /s/ and /z/ at the end of treatment (in fact, it became more 

pronounced over time), which could potentially be attributed to his shortened lingual 

frenulum. 

MC appeared to enjoy the treatment activities (especially the arts and crafts 

projects) and worked hard to say his sound correctly. Similar to PD11_JB, MC was 

initially unable to pucker his lips to produce /S/ during sounds such as “shhh”. He 

often got frustrated at his inability to produce his sounds, but this also appeared to 

motivate him to keep working so that his productions would sound like the clinician’s. 

Indeed, one of his favorite games was the Match/Mismatch game where he would 

judge whether his production sounded just like the clinician’s model. Unfortunately, 

he and his mother were often very late to his appointments (up to 30 minutes). Thus, 

some of his treatment sessions were not as long as others.  

While his MC’s speech delays may have been motoric or parentally induced in 

nature, MC also did demonstrate some phonological processes. Specifically, MC was 

unable to produce /T D/ with consistent accuracy in target-appropriate contexts, but 

he often substituted those sounds in place of many other sounds. Thus, while they 

were a part of his phonetic and phonemic inventories, they were typically not 

produced in appropriate contexts. These errors involving /T D/ also indicate that at 
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least some of MC’s speech errors were not due to a motoric problem, as he was 

capable of producing them elsewhere. 

 

3.3 RESULTS: TREATMENT PHONEME 

In examining the differences across the sounds used in treatment, it is difficult 

to say whether one sound produced greater results during treatment than another. All 

three treatment sounds did induce change in the productions of at least some of the 

children treated with them. Only 1 child was treated with /T/ (PD10_DT, in the real 

word condition), and he demonstrated marked change in his grammar. Of the children 

treated with /®/, 2 were in the non-word condition and 1 was in the real word 

condition. One child from each treatment condition did show improvement in 

production accuracy (PD1_BT and PD13_LA), though the child in the non-word 

condition improved much more quickly and to a greater degree (PD1_BT). However, 

he was also 3 years older than the other 2 children in the /®/ group. Finally, all 4 

children treated with /tS/ (2 in the real word and 2 in the non-word conditions) did 

demonstrate some positive change in their production of their treatment sound. All 4 

showed this change late into the treatment (i.e., mid-way through the spontaneous 

production phase), and their learning curves were all rather similar in shape. These 4 

children were also similar in age (3-4 years old), which may be part of the reason for 

their similar learning curves. In order to examine the effects of specific phonemes on 



 

 

158 

treatment outcomes, the current research program will need to be extended to many 

more children in the 3 to 7 year age range. 

 

3.4 RESULT SUMMARY AND DISCUSSION 

Following the assumptions of the connectionist two-representation model of 

word production (e.g., Storkel & Morrisette, 2002), the question of whether real words 

or non-words led to greater phonological treatment efficacy was examined in the 

present experiment. Specifically, this experiment manipulated the word frequency of 

the treatment targets: Real words used in treatment were all high in frequency, while 

the non-words were low in frequency. Many other word properties (i.e., semantics, 

word density, and phonotactic constraints) were controlled for across the real and non-

words making this experiment the first to empirically test the effectiveness of these 

two common approaches to treatment of phonological delay. 

The issue of word frequency was addressed at the individual subject level by 

examining the learning (of the treated sound) that occurs during treatment, the 

generalization of treated sounds to untreated words, the generalization of untreated 

sounds in untreated words, the addition of sounds to phonetic and phonemic 

inventories, as well as the consistency of substitution errors. The following sections 

will address the results of the data of the individual subjects. When taken together the 

data suggest that, while the outcomes of both treatment conditions were similar, 

treatment involving real words may lead to greater and more widespread phonological 

change (Table 3.23). Thus, it would seem that high frequency words – words that 

children hear and produce in their everyday interactions – are more conducive to 
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creating sound change. These findings may have implications for the structure of 

clinical intervention, as well as future phonological treatment efficacy research.  

Given the single-subject design of the treatment program, the individual results 

provided varying demonstrations of phonological change due to treatment, which can 

be difficult to generalize to a group as a whole. The following discussion will address 

the different results and interpret them at a group level for a more thorough discussion 

of treatment effectiveness. 
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3.4.1 Learning during treatment. The learning patterns of the children 

suggest that overall, the treatment, regardless of whether it targeted real words or non-

words, was valid and efficacious. Seven of the 8 children began to show change in 

their production of the treated sound at least by the halfway point of the Spontaneous 

Production phase of treatment; however, only two of the children surpassed 50% 

accuracy in the production of their treatment sounds for more than two sessions. All of 

the children (but JG) demonstrated continual improvement through the end of their 

treatment sessions. Thus, it is likely that their production accuracies would have 

continued to improve had more treatment sessions been allowed. Of the 7 children 

who showed productive change, not one demonstrated a plateau in his/her productions. 

This indicates that through the entire course of the treatment, the children’s 

phonologies were changing, and none had reached adult-like levels. These learning 

patterns also speak to the intensity of the treatment. While the individual treatments 

were intensive one-on-one (child-clinician) sessions, they only occurred twice a week 

for an hour. It is possible that had the treatments occurred more frequently (e.g., 3 

times per week, or daily) the children would have shown even more improvement 

(e.g., Denes, Perazzolo, Piani, & Piccione, 1996). 

As discussed in the individual participants’ results, the variation in the number 

of treatment token productions was potentially a factor in how fast each child’s 

productions of the treatment target began to change. In other words, children who 

typically said more treatment words in a given treatment session demonstrated much 

earlier evidence of phonological change than children who overall produced fewer 

treatment words. The combination of the number of treatment tokens elicited in a 
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single treatment session is a factor that will need to be addressed in future research. It 

is likely that the number of tokens spoken may be just as important as the number of 

treatment sessions in determining which children will demonstrate phonological 

change. This claim is consistent with the findings of Storkel (2004b) who found that 

while the linguistic features associated with a word obviously play a role in how it is 

encoded, how often the word is presented is also important. Given enough exposures 

of a word with an uncommon sequence of sounds, a child will be able to accurately 

encode the word. Thus, the number of times the children in the present experiment 

heard the clinician say the word, as well as had an opportunity to produce it 

themselves, may have played a role in their phonological learning and change. 

More importantly, these treatment results show that children with phonological 

delays are able to learn novel words and in effect treat them like real words. Similar to 

previous findings of novel word learning in young children (e.g., Campbell & Namy, 

2003; Woodward & Hoyne, 1999), the children enrolled in treatment were able to 

learn the associations between the nonsense, and real, words and objects/actions 

presented in a short storybook context. Recall that Storkel (2004) provided evidence 

that children with phonological delays can effectively learn the association between a 

nonsense word and its lexical and semantic representations, thus suggesting that the 

use of non-words in treatment is warranted. Moreover, these findings indicate that the 

more OUT sounds a non-word contains, potentially the easier it is for children with 

phonological delays to learn. 

Based on their performance during treatment (especially during the 

Spontaneous Production phase), the children in the current study developed strong 
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semantic relationships between the real and non-words and their associated pictures. 

Yet, as is predicted by the two-representation model of word processing (e.g., Storkel 

& Morrisette, 2002), it is likely that the learning of the non-words initially required 

additional cognitive processing, as not only did the children have to establish a 

phonological representation and try to produce the word’s phonological form 

correctly, they also had to learn the association between the novel nonsense word and 

its picture (i.e., creating a lexical representation). It is assumed that, since the real 

words were all high in frequency (primarily as determined by assessments of child 

receptive and expressive vocabularies; Appendix 1), the children in the real word 

treatment condition had pre-established lexical representations for the treatment 

words. Nevertheless, due to the age of some of the children, it is possible that even 

though they were high in frequency, at least some of the real words were not in their 

lexicons prior to the onset of treatment. It should be noted that the children were not 

directly tested on their knowledge of the real words used in treatment prior to its onset; 

thus, a direct control of word frequency was not completed. Given the difficulties in 

creating the stimuli (words and stories), those variables could not be altered for an 

individual child; it was possible that a child could have received treatment on a 

different sound, if those words were more familiar to him/her. Future studies should 

better control for this potential confound. 

3.4.2 Treatment Sound Generalization to Untreated Words. Overall, there 

was a large amount of individual variation in terms of how much generalization 

occurred in the production of the treated sound in untreated contexts. Close 

examination of the learning curves was necessary to distinguish the two treatment 
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conditions, and the results are still very much confounded with the individual variation 

between subjects. No single overarching pattern was observed for either condition. 

Children in both treatment groups displayed immediate, delayed, or no measurable 

change during treatment. While treatment with real words arguably induced more 

rapid gains in production of the treated sound, the observed delayed change associated 

with non-words was still representative of a positive change in the children’s 

phonologies. The issue at hand, though, is that since the delay was at least 2 weeks, 

and often 2 months, post-treatment, other external factors not directly related to the 

treatment may have caused the change. Thus, it is very difficult to claim that the 

treatment the children received was the sole instigator of the observed delayed 

phonological change. Again, any change in production that was closer to an adult 

model should be considered a positive effect, but for the purposes of this analysis, 

only immediate change can be directly attributed to treatment. 

As with the onset of phonological change, the course of change for the treated 

sounds was rather difficult to characterize in a uniform way for the two conditions. 

Given that at least half of the children in each group showed a true monotonic learning 

curve, both types of treatment appear to be able to induce change that will remain 

constant, even after treatment has ended. This is a good indication that both real word 

and non-word treatments can be successful in creating lasting phonological change in 

the targeted treatment phoneme in children with phonological delays. 

The results of the present experiment correspond somewhat with the previous 

findings of Gierut et al. (1999). This study, similar to that of Morrisette and Gierut 

(2002), manipulated the word frequency and word density in treatment targets; 
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however, instead of controlling for one variable, each child in Gierut et al’s (1999) 

study was provided with alternating treatments exposing him/her to two different 

conditions (e.g., a given child was treated on /s/ in high frequency words, and /l/ on 

low frequency words, with both types of words being variable in word density). Of the 

two children who were treated on low frequency and high frequency words, both 

children demonstrated earlier increases in their productive accuracy of their treated 

sound in high frequency words, as compared to the sound in low frequency words. 

Thus, there appears to be at least some evidence that high frequency words elicit 

earlier phonological changes than do low frequency words. 

The generalization of the treated sound to untreated words is an important 

factor to consider in treatment effectiveness, as it would not be desirable if a child 

only learned to correctly produce a targeted treatment sound in the few words used in 

treatment. This controlled experimental design only targeted 5 exemplars in both the 

real word and non-word treatment conditions, and so the usefulness of only being able 

to say those words would have been minimal, especially in the case of the children 

who were taught non-words. The small number of words was necessary for the 

experimental design controlling for both word frequency and word density, as these 

were difficult to manipulate while still maintaining a child-friendly paradigm. In the 

clinical setting, it is often the case that a clinician works on many different target 

words in a single session, without regard to how the sheer number of different 

treatment tokens may affect a child’s production accuracy. It is possible that limiting 

the number of words, though perhaps not as exciting or interesting, allowed the 
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children in the present study to really learn the correct way to say their treatment 

words; that is, they not only knew exactly how to produce the target phoneme, but also 

understood how it coordinated with the other sounds in the word (see discussion of 

PD11_JB for an example).  

Indeed, while generalization to untrained words is a primary goal of all 

treatment programs, rarely have specific factors of the treatment administration, such 

as the number of treatment exemplars, been examined empirically (Elbert, Powell, & 

Swartzlander, 1991). Elbert and colleagues (1991) specifically addressed this issue by 

examining how many minimal-pair exemplars were necessary for 19 children (mean 

age 56.5 months) with phonological delays to reach a generalization criterion. They 

observed that the use of just 3 minimal-pair exemplars was enough for 59% of the 

children to generalize their treated sound to untreated words; an additional 21% 

reached criterion when their treatments incorporated 5 minimal-pair exemplars. Thus, 

Elbert et al. (1991) suggested that in most treatment cases, a small number of 

treatment exemplars (i.e., 5 or fewer) was sufficient to facilitate generalization. They 

also suggested that the small number of words facilitated the acquisition of automatic 

production skills by allowing the children to perfect their phonetic output of just those 

few exemplars. Thus, the use of five exemplars in present treatment efficacy 

experiment was perhaps an ideal number of targets, balancing sufficient variability 

with time-efficiency (of exemplar elicitation). 

The fact that the treatment only targeted word-initial sounds is also potentially 

an issue, as it is possible that co-articulation of other sounds may have lessened the 

children’s ability to produce the target sound in other word positions. It is presumed 



 

 

167 

that there is a hierarchy of treatment for sounds in different word positions (e.g., 

Bernthal & Bankson, 1993; Olswang & Bain, 1985; Van Riper, 1978; for a discussion 

see Gierut, 1998a). Specifically, sounds are thought to be easiest to produce (and 

perceive) in word-initial position because the co-articulation effects from other words 

that can impair perception and production are absent or at least lessened. Word-final 

sounds are typically targeted next in treatment, while word-medial sounds typically 

are targeted last. Future research paradigms may address targeting sounds in other 

word positions. 

3.4.3 Generalization of Untreated Sounds in Untreated Words. While not 

every child demonstrated generalization of his/her treated sound in untreated contexts, 

all of the children demonstrated at least some phonological change in their untreated 

phonemes that were initially produced with less than 50% accuracy. Both immediate 

onset and delayed onset patterns of phonological change were observed in terms of the 

untreated sounds. Moreover, unlike the learning curves observed for the treated 

phonemes, all children demonstrated an overall pattern of monotonic learning for the 

production of the untreated sounds. As argued above, this is indicative of the ability to 

learn from treatment. Both the real word and non-word treatments appear to have the 

potential to cause change in untreated phonemes. 

Two of the sounds, /® tS/, chosen for treatment were in classes that contained 

only two English phonemes, liquids (/® l/) and affricates (/tS dZ/), respectively. 

Given these restrictions, the potential for within-class phonological change was 

minimal at best (Table 3.23). Working within these limited confines, however, 
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children in the real word treatment condition demonstrated more within-class change 

than did the children in the non-word treatment condition. The opportunities for 

across-class change were more comparable for both treatment conditions; however, 

overall, children in the real word treatment condition still capitalized on more 

opportunities to induce change in sounds outside of their treated sound class. Thus, 

while the real word condition might have induced slightly higher rates of across-class 

change, the non-word condition was also able to create measurable change in the 

children’s phonologies. 

It is important to take into consideration how many of the untreated sounds that 

the children could not produce were included in the treatment words. While the 

untreated sounds in the treatment words were not targeted in treatment (as far as 

correct production), the children were exposed to these sounds (with a good adult 

model) perhaps more frequently than other untreated, but untargeted, sounds. The 

children also had the opportunity to practice these sounds in every word that they 

produced; thus, it is possible that their sound representations for these untreated, but 

included sounds, were also changing due to treatment. This is consistent with the 

results of Gierut and colleagues (1987). Recall, they found that the children who 

received treatment on sounds for which they had the most knowledge (i.e., IN sounds) 

were only able to generalize in limited aspects of production, specifically to treated 

and related sounds. On the other hand, the children that were treated with sounds for 

which they had no, or limited, phonological knowledge (i.e., OUT sounds) were able 

to widely generalize their treated sounds, to treated, related, and unrelated sounds. In 

other words, it was potentially easier to expand the phonetic inventory (by adding new 
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sounds) than it was to undo the errored application of phonological rules (Gierut, 

2006). 

Recall that in order to control for both frequency and density of the treatment 

words, less common word structures (i.e., words containing multiple OUT sounds) 

had to be used. As a result, four of the children (LA, JG, EP, and JB) had anywhere 

from 3 to 7 of their untreated sounds targeted in their treatment words. Interestingly, 

all four of these children demonstrated at least 50% generalization to at least one of 

their untreated sounds included in their specific treatment words. Extending Gierut et 

al.’s (1987) findings to the current experiment, it is possible to make the claim that at 

least some of the children were receiving treatment, though indirect, on many sounds 

and that is potentially why they showed greater generalization to untreated sounds. In 

other words, even indirect treatment practice may improve generalization. This result 

also gives more credence to the idea of having more words made up of different 

sounds: A wider exposure to more sounds may be more beneficial for widespread 

phonological change than a more focused exposure to smaller number of sounds. 

3.4.4 Variability in Production Patterns. Nearly every child in both the real 

word and non-word treatment conditions decreased the number of substitution errors 

for both their treatment sound, as well as across all the untreated sounds they initially 

produced with less than 50% accuracy. In terms of sound substitution variability of the 

treatment target, the children that showed production accuracy change during 

treatment were the children who had the fewest number of pre-treatment variants for 

their treatment sound. Moreover, post-hoc nonparametric analyses revealed strong 

correlations between the number of treatment sound substitution errors and the amount 
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of generalization observed post-treatment. Specifically, the more treatment sound 

errors a child made prior to beginning treatment, the less generalization of the treated 

sound in untreated words was observed at the two-weeks post assessment (Spearman’s 

rho = -.834, p < .01). The error productions of the treated sound were also linked to 

the untreated sound generalization patterns: The more substitution errors made on the 

treated sound pre-treatment, the less generalization of the untreated sounds in 

untreated words was observed (Spearman’s rho = -.732, p < .04). Thus, it would seem 

that less variability in production of the treatment sound was a contributing factor not 

only to the timing of treatment learning onset, but also to the total amount of system-

wide generalization observed.  

Variability in sound production may provide some additional insight regarding 

not only which children are more likely to show change due to treatment, but also 

perhaps what type of treatment elicits more system-wide generalization. Variability in 

its most general sense can be interpreted as instability in the representation of a 

phoneme in a child’s phonology (e.g., Tyler & Lewis, 2005); however, there are 

varying interpretations of what variation in sound patterns actually represents. On one 

hand, variability may represent a child’s inability to learn from treatment. For 

example, multiple studies have found that children with variable error patterns respond 

differently to treatment than do children with consistent error patterns (e.g., Dodd & 

Bradford, 2000; Forrest, Dinnsen, & Elbert, 1997; Forrest, Elbert, & Dinnsen, 2000). 

Moreover, Forrest and colleagues (2000) found that 4 children who had variable 

substitutions required more treatment sessions than did 4 children with consistent 

substitutions, and still did not learn to generalize the target sound to untreated word 
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positions. Thus, it is possible that children with more variable phonological 

productions would display a delayed, or lack of, response to treatment. 

Indeed, when interpreting the present experiment’s treatment results in this 

light, the children who showed less variation in sound production were those who 

showed the earliest and greatest improvements in their production accuracy of their 

treatment words. Thus, at a single subject level, this study provides support for the 

claim that the more varied a child’s phonological production of the treatment target is 

at the outset of treatment, the more likely it is that a delayed, or lack of, response due 

to treatment will be observed. This also goes along with the claim by Forrest and 

Elbert (2001) that treatment may need to be modified for children with varying 

phonological substitutions because they need to learn that the same sound occurs in 

distinct environments. Moreover, JG’s performance is consistent with the findings of 

Tyler et al. (2006) who suggested that children who produced multiple substitutes both 

within and across word positions for a number of consonants were at the more severe 

end of the continuum of children with speech sound disorders.  

At the system-wide level, the three children who had the lowest pre-treatment 

ECI scores for all of their sounds produced with less than 50% accuracy were also the 

three children who showed the greatest decrease in sound variability at the 2-Week 

Post probe. In other words, the fewer error substitution sounds a child had to 

eliminate, the greater the overall system-wide reorganization. Thus again, the children 

with large amounts of variation often did not show as much phonological 

reorganization - perhaps because they were still learning which environments each 

sound could be produced appropriately.  



 

 

172 

These results are similar to the findings of Barlow (1996), who examined the 

“Percent Correct Underlying Representations” (PCUR; Dinnsen & Chin, 1993). To 

explain further, Dinnsen and Chin (1993), suggest that children with low PCUR scores 

are likely to have many incorrect underlying phonological representations, while 

children with high PCUR scores will demonstrate greater phonological knowledge 

representative of more correct underlying representations. Having a correct underlying 

form implies that a child has at least an initial representation of a sound that can then 

be accessed and applied in motor plans and programs. Thus, in her post-hoc analysis 

of errors of 6 children, Barlow (1996) observed that the children with higher PCUR 

scores (that is, greater target-appropriate knowledge) tended to show less variability in 

their sound productions than did children with lower PCUR scores. In other words, the 

children with the fewest phoneme substitutions appeared to have more correct 

underlying representations of their phonemes. The variability of the errors correlated 

with the correctness of the underlying representations.  

Most of the treatment evidence presented here suggests that children were 

more successful in treatment when they produced fewer error variants. Alternatively, it 

is possible that when phonemes are present, but are inconsistently correct and 

substituted, variability in sound production may be a behavioral indicator of 

phonological reorganization (Tyler & Lewis, 2005). For example, Isermann (2001) 

observed that across all phonemes, the greatest variability in error substitutions was 

for sounds that were in the middle range of percent consonants correct (PCC). Much 

less variability was found for sounds that were never correct (and not included in a 

child’s inventory). Indeed, Tyler and Lewis (2005) observed that children who had 
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both highly variable and highly consistent phonological substitutions both followed 

similar linear trends in both increasing their PCC, as well as decreasing the number of 

different error substitutes. Thus, neither group had a delayed response or lack of 

response to intervention. Tyler and Lewis (2005) claimed that the multiple 

substitutions in children’s productions reflected instability in their representations of 

different phonemes. This instability in turn made the entire phonological system more 

likely to show reorganization and change. 

The greatest support for the idea that large amounts of instability may be 

reflective of phonological reorganization comes from the data of JG. Initially, his ECI 

score was 5.55, the largest of all the children in the study; however, he also showed a 

(relatively) large decrease in variability: 44%. Thus, while his overall learning of the 

treated sound during treatment was nil and his overall generalization of untreated 

sounds was somewhat variable, his phonology was undergoing massive 

reorganization.  

At the group level, both treatment conditions elicited the same amount of 

change from pre- to post-treatment in the number of error variants produced for their 

treatment target. This suggests that both treatments did induce the same amount of 

overall change across the different treated sounds. Looking at all of the untreated 

sounds produced with less than 50% accuracy, the ECI scores for the two treatment 

conditions are also very similar, with a very small advantage given to the real word 

condition (Table 3.6 and 3.23). Unfortunately, similar to Barlow (1996), this analysis 

of error variability was completed post-hoc; as a result, it is difficult to determine what 

role error variability has with respect to treatment outcomes.  
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While it is evident that many of the children with the lowest error variations 

pre-treatment made the most progress, it is not clear how this analysis can be used 

when making prognostic statements, or what its clinical outcomes might be. Previous 

research (Dinnsen & Elbert, 1984; Gierut et al., 1987) has shown that errors associated 

with correct underlying representations can be altered more easily than those 

associated with incorrect underlying representations; however, it has also been shown 

that treatment sound targets that are associated with incorrect underlying 

representations lead to more widespread phonological change, as compared to sounds 

that target sounds for which a child has good phonological knowledge (Dinnsen & 

Elbert, 1984; Gierut et al., 1987). Following the claim that correct underlying 

representations are associated with less error variability (Barlow, 1996), and incorrect 

underlying representations are associated with more variable sound productions, it 

would seem that taking into account all of the different sounds a child may produce in 

substitution of a target sound may be important for treatment target selection. This is a 

very interesting finding and will be specifically addressed in future research programs. 

3.4.5 Real word vs. non-word treatment: A summary. In this treatment 

efficacy program, real word treatment created more change in the children’s 

phonologies than did non-word treatment, in both the treated phoneme and untreated 

phoneme domains. These treatment results both extend and clarify previous findings 

by Gierut et al. (1999, 2002). The present study controlled for word density by 

ensuring that all of the treatment words, real and nonsense, were low in density. Thus, 

this experiment directly tested the word frequency effect without having the potential 

word density confound of Gierut and colleagues (1999, 2002). Similar to the previous 
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work of Gierut and colleagues, the high-frequency real words in the present 

experiment induced a greater amount of phonological change in both the treated and 

untreated sounds (as measured by post-treatment probe measurements). Moreover, 

replicating the findings Morrisette and Gierut (2002), the high-frequency real words 

induced both within and across-class generalization, while the low-frequency non-

words only induced across-class generalization. While Gierut and colleagues (1999, 

2002) were unable to establish which of their treatment manipulations resulted in the 

greatest amount of change, the results of the present experiment suggest that high 

frequency real words are more effective treatment targets. 

Only one previous study has attempted to compare the use of real words and 

non-words in treatment. Recall that contrary to the findings of the present experiment, 

Martin and Gierut (2004) observed that non-words promoted greater phonological 

change than did treatment with real words. Nevertheless, as discussed previously, 

theirs was a post-hoc meta-analysis that examined the results from many previous 

experiments that had different goals. None of the words, real or nonsense, were 

controlled for in terms of word frequency, neighborhood density, or otherwise. Due to 

the potentially wide variability across words, it is hard to draw many conclusions from 

their study. Still, it is interesting that they found that the non-words (which as 

discussed previously are, if nothing else, low in frequency as compared to real words) 

elicited greater phonological change. Moreover, it is even more intriguing that Gierut 

and colleagues have claimed that both high frequency real words (Morrisette and 

Gierut, 2002) and (low frequency) non-words (Martin & Gierut, 2004) are effective 

treatment targets. The lack of consistency is most likely due to the fact that Gierut and 
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colleagues never directly compared real words and non-words in a single, controlled 

treatment study. 

Unlike what was assessed in the Martin and Gierut (2004) study, the real word 

and non-word treatment conditions were comparable. As discussed previously and as 

predicted by the two-representation model of word processing (e.g., Storkel & 

Morrisette, 2002), it is likely that initially the non-word conditions required more 

cognitive processing than the real word condition. Not only did the children need to 

learn how to say their treatment words correctly, they also had to learn to associate the 

new non-words with their respective pictures. This highlights the underlying 

difference between the use of high frequency and low frequency words: High 

frequency words commonly appear in a child’s everyday environment – they hear 

them, they (attempt to) say them, and possibly they interact with the objects to which 

they refer. As a result of all these experiences, high frequency words have a decreased 

processing load because the path to retrieving these forms is well-established, as they 

occur so often in the input (Morrisette & Gierut, 2002).  

In other words, as described by the two-representational model of word 

processing (e.g., Gupta & MacWhinney, 1997; Luce, Goldinger, Auer, & Vitevitch, 

2000; Storkel & Morrisette, 2002), high frequency words are linked to very strong 

lexical representations, leading to nearly automatic responses (both in terms of 

comprehension and expression). Moreover, given that the high frequency words are so 

strongly connected within the lexical-semantic network, a child can instead focus 

solely on correct speech production. Alternatively, as depicted in the two-

representational model, a low-frequency non-word will typically only have weak 
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lexical representations, which may lead to incorrect speech productions as a result of 

inadequate connections across language systems. Indeed, Luce and Pisoni (1998) 

documented this interaction between language systems when they observed an 

interaction between word frequency and neighborhood density and lexical retrieval.  

Specifically, they noted that high frequency words facilitate adults’ recognition and 

production of words, while words that came from dense neighborhoods impeded their 

recognition and production. The present experiment has shown that by reducing the 

cognitive processing load through the use of high-frequency real words (from low-

density neighborhoods), an optimal environment for phonological change is created. 

The goal of treatment for phonological delay is to create an ambient 

phonological representation for an unknown sound; this is often done by presenting 

the treatment sound in words for judgment of production accuracy. Given the absence 

of an ambient phonological representation, the two-representation model of word 

processing predicts that lexical processing will dominate sound learning in this context 

(Storkel & Morrisette, 2002); this is prediction is supported by the evidence from the 

present experiment.  

 

3.5 CONCLUSION 

This novel treatment program compared the efficacy of real word and non-

word paradigms in the treatment of children with functional phonological delays. 

Converging evidence from analyses of data from the single-subject design revealed 

that treatment with real words is the most efficient and efficacious option when 

working with these children. Specifically, real word treatment led to a greater number 
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of sounds being added to the phonetic inventories and generalized in word production 

probes. Children treated with real words showed a greater overall decrease in the 

number of sound error substitutions. Treatment with real words induced greater 

phonological change, as indicated by overall production accuracy, as well as within-

class and across-class generalization. Thus, real words appear to be the best treatment 

option when targeting a single sound, though both real words and non-words are able 

to elicit system-wide phonological change. These results were explained within the 

context of a connectionist two-representational model of word processing, wherein 

words of higher frequency are easier to access during the treatment of phonological 

delay (i.e., word production). Thus, there appears to be a strong interaction between 

lexical and phonological representations. 

This chapter, in part, is currently being prepared for publication. Cummings, 

Alycia; Barlow, Jessica. The dissertation author was the primary investigator and 

author of the material. 
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CHAPTER 4 

Experiment 2: 

Speech sound encoding and discrimination in children with phonological delays 

 

4.0 EXPERIMENT INTRODUCTION 

One theory of phonological development is that it is a gradual accumulation of 

knowledge in both the perceptual and motor domains (Beckman & Edwards, 2000). 

This means that phonological contrasts emerge with increasingly detailed perceptual 

and motor representations of words due to the interactions between these two domains 

during phonological encoding and decoding (Rvachew, Nowak, & Cloutier, 2004). 

Along those same lines, it has been proposed that the accurate production of speech 

relies on the accurate perception of the auditory input (Bates & Roe, 2001). Thus, a 

young child’s production of speech may be the direct result of what he/she is able to 

perceive in the world. 

Given that understanding speech during everyday listening places many 

demands on the auditory system, the healthy auditory system must be sensitive to 

signals with rapidly changing spectral information, poor signal-to-noise ratios, and fast 

rates of presentation (Kraus & Nicol, 2003). Unfortunately, not all children are equally 

well-equipped to process fast-changing auditory speech signals: For example, children 

with phonological delays have difficulty producing, using, and integrating the sounds 

of their target language system (Gierut, 1998), thus it is quite likely that they also have 

perceptual processing problems.  

179 
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Indeed, it has been shown that children with phonological delays have deficits 

in the perceptual and motor domains (Edwards, Fourkais, Beckman, & Fox, 1999). 

While early examinations of speech perception abilities in children with phonological 

delay were rather inconclusive (e.g., Aungst & Frick, 1964; Cohen & Diehl, 1963; 

Sherman & Geith, 1967; Waldman, Singh, & Hayden, 1978), with many of the 

differences across studies attributed to the type of tasks used and the stimuli presented, 

more recent studies that have used word identification tasks have shown that children 

with speech delays are likely to have difficulty with the behavioral categorization of 

less than optimal speech stimuli, such as words produced by children (e.g., Chaney, 

1988; Hoffman et al., 1983) or speech that has been digitized and electronically 

modified to remove redundant speech cues (e.g., Edwards, Fox, & Rogers, 2002; 

Monnin & Huntington, 1974). 

Rvachew and Jamieson (1995) proposed that some children with phonological 

delay lack underlying categories for phonemes that occur in their native language. For 

example, some children do not treat /S/ as an individual phoneme and instead 

assimilate it into their /s/ phoneme category (Rvachew & Jamieson, 1989). Rvachew 

and Jamieson (1995) proposed that other children with phonological delays might use 

nonstandard acoustic cues to define contrasts across phonemes. For example, 

Hoffman, Stager, and Daniloff (1983) observed that children who misarticulated /®/ 

produced it with a second formant frequency that was midway between the value 

appropriate for /®/ and /w/. More importantly, they were also likely to categorize 
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words produced with the nonstandard second formant frequency as /®/ exemplars, 

while typically developing children and adults perceived those words to be exemplars 

of /w/. 

The review of Rvachew and Jamieson (1995) suggests that the speech errors 

children with phonological delays make may be due to knowledge deficits at the level 

of phonemic detail and/or at the level of phonemic contrasts. Yet, teasing apart where 

the breakdown occurs in the perceptual process is nearly impossible with behavioral 

paradigms, such as a forced-choice picture-word matching task that assesses response 

accuracy. In contrast, event-related potentials (ERPs) are an excellent tool to use when 

assessing perceptual processing of speech sounds. Given their attention-independent 

nature, ERP measures are free of behavioral confounds such as memory and cognition 

and are a good tool to use with young children who are often non-compliant with 

behavioral testing. Moreover, the excellent temporal resolution of ERPs makes it an 

ideal tool for identifying different stages of perceptual and cognitive processing. 

Examining specific ERP peaks that represent different stages of speech perception 

(sound encoding, integration, and discrimination) may help identify where in the 

process of “perceiving” sounds a child with phonological delay differs from his/her 

typically developing peers. 

Specifically, it has been proposed that speech sound perception problems arise, 

at least in some cases, from faulty representation of the speech signal in the central 

auditory processing centers (Kraus, 2001). Indeed, some children with learning 

problems demonstrate abnormal perception and neural representation of certain speech 
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sounds (e.g., Hayes, Warrier, Nicol, Zecker, and Kraus, 2003; Korpilahti & Lang, 

1994; Uwer, Albrecht, & von Suchodoletz, 2002). As stated by Plante, van Petten, and 

Senkfor (2000), a learning disability diagnosis is defined as involving a deficit in one 

or more of the components of language, which negatively impacts academic 

performance including listening, speaking, reading, and writing. A designation of a 

learning disability is closely related to, and overlaps with, other diagnostic categories 

including developmental dyslexia and specific language impairment. Unfortunately, a 

diagnosis of “learning impairment” can mean a variety of things, and is not specific to 

speech perception, encoding, and/or production. While no published research has 

examined the neural underpinnings of auditory processing in children with speech 

sound disorders, it would seem quite plausible that children who have known 

productive sound disorders would also have differences in the underlying neural 

responses representing the encoding and discrimination of “problematic” speech 

sounds.
5
  

4.0.1 Speech sound encoding. Given that there is behavioral evidence to 

suggest that children with phonological delays have difficulty perceiving speech, 

especially when it is suboptimal in nature (e.g., Chaney, 1988; Edwards et al., 2002; 

Hoffman et al., 1983; Monnin & Huntington, 1974), it is possible that the children’s 

inability to discriminate sounds starts with an inability to encode auditory information 

correctly, a process reflected by the auditory P1-N1-P2 ERP components. Together, 

these ERP components reflect auditory encoding and processing, such as the 

                                                
5
 Given the lack of ERP research of children with phonological delays, data from children with learning 

problems and/or language impairments are discussed in the following sections in an attempt to provide 

some indication of how children with phonological delays may perform in similar ERP tasks. 
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perception of syllables and words (e.g., Alain, Woods, & Covarrubias, 1997; Crowley 

& Colrain, 2004; Cunningham, Nicol, Zecker, Kraus, 2000; Martin, Sigal, Kurtzberg, 

& Stapells, 1997; Näätänen & Picton, 1987; Sams et al., 1985; Woods, Alho, & 

Algazi, 1994).  

The most salient features of children’s auditory ERPs are two large deflections, 

the P1/P2 and N2/N4 peaks (Bruneau & Bomot, 1998; eponien  et al., 1998; Ponton 

et al., 2002; Ceponiene et al., 2002). In rudimentary form, this complex is present at 

birth and is fully formed by 6-9 months of age (Kurtzber et al., 1986; Kushnerenko et 

al., 2002). This waveform morphology remains unchanged until 7-9 years of age, 

when the auditory N1 emerges at the latency of 140-170 ms ( eponien , Rinne, & 

Näätänen, 2002; Pang & Taylor, 2000; Ponton, Eggermont, Kwong, & Don, 2000). 

Until the N1 is recorded in young children ( eponien , Alku, Westerfield, Torki, & 

Townsend, 2005; eponien  et al., 1998; Karhu at al., 1997; Korphilahti & Lang, 

1994), the P1 and P2 peaks cannot be distinguished from each other; however, using 

Independent Component Analysis (Makeig et al., 1997), eponien  and colleagues 

(2005) were able to demonstrate that P2-like activity is present in a later portion of 

children’s P1 peak. The P1 and P2-like activities were distinguished by differences in 

scalp distribution and responsivity to stimulus salience. Therefore, it appears that 

children’s P1 represents a correlate of adult P1 and P2 peaks and will hereafter be 

referred to as the P1/P2. 

The adult P2 (or child P1/P2) reflects sound content feature encoding 

( eponien  et al., 2005; eponien , Torki, Alku, Koyama, & Townsend, 2008; 

Crowley & Colrain, 2004). For example, it is enhanced during a discrimination task, 
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as compared to a detection task (Novak et al., 1992). Its magnitude increased in 

response to a 400 Hz tone, as compared to 3000 Hz tone, in infants, toddlers, children, 

and adults (Wunderlich et al., 2006). Moreover, the magnitude of the P2 has been 

shown to increase substantially in healthy adults after perceptual training of previously 

non-discriminable syllables (Tremblay, Kraus, McGee, Ponton, & Otis, 2001; 

Tremblay & Kraus, 2002). Thus, the P2 is quite possibly involved in sound content 

encoding, which is consistent with the finding that at least some of the P2 generators 

reside in the auditory cortex (Lütkenhöner & Steinsträter, 1998; Reinke, He, Wang, & 

Alain, 2003; Rif et al., 1991).  

Training can be effective in improving the discrimination of auditory stimuli. 

Studies have shown that improvements in perception are associated with 

neurophysiological changes in the central auditory system, as reflected in obligatory 

components of auditory event-related potentials. Tremblay, Kraus, McGee, Ponton, 

and Otis (2001) recorded auditory evoked potentials (N1 and P2) from 10 adults in 

response to two synthetic speech variants of the syllable /ba/: /mba/ and /ba/. 

Participants were tested before and after training to determine whether there were 

behavioral and/or neurological training-related changes. Tremblay et al. observed that 

auditory training altered the amplitude, but not the latency, of the N1-P2 complex. 

Increases in the N1-P2 peak-to-peak amplitude accompanied improved perception. 

Thus, enhanced cortical responses to the stimuli used in training were mirrored by 

improvement in perception. Tremblay et al. suggested that these changes in waveform 

morphology reflected increases in neural synchrony, as well as strengthened neural 

connections, associated with improved speech perception.  
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While Tremblay and colleagues’ (2001) study with healthy adults showed that 

neurophysiological change can occur after being trained to perceptually discriminate 

previously non-discriminable syllables, to be more applicable in a clinical setting, 

neurophysiological change in disordered populations needs to be demonstrated. Hayes, 

Warrier, Nicol, Zecker, and Kraus (2003) evaluated the neural change that occurred in 

children with learning impairments (N = 27, ages 8 to 12 years) who completed a 

commercial auditory training program (Earobics; Cognitive Concepts, Inc., Evanston, 

IL). ERPs were recorded before and after the training program in both quiet and noise 

conditions, and over a similar time period with children who received no training. The 

children in the training program attended 35-40 one-hour training sessions during an 

8-week period. The program provided training on phonological awareness, auditory 

processing, and language processing skills through interactive games. Hayes and 

colleagues observed a significant decrease in P2/N2 amplitude in the trained group. 

Interestingly, with training, the P2/N2 response in quiet remained unchanged while the 

response in noise became more robust. That is, the children who received training 

demonstrated a significant increase in P2/N2 amplitude in noise post-training, as 

compared to children who had not received training. Hayes and colleagues proposed 

that the increased robustness of the P2/N2 responses in the trained children was 

possibly due to an increase in synaptic strength of existing excitatory synapses, 

increased myelination of neuronal axons, and/or the recruitment of additional neurons 

to existing generators (Buonamano & Merzenich, 1998; Klingberg, Hedehus, Temple, 

Salz, Gabrieli, Moseley, & Poldrack, 2000; Klinke, Kral, Heid, Tillein, & Hartmann, 

1999).  
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4.0.2 Speech sound discrimination. While auditory information is encoded by 

the brain’s neural sensory systems 80 to 120 ms after sound onset ( eponien , Alku, 

Westerfield, Torki, & Townsend, 2005; Näätänen, 1990; Parasuraman, Richer, & 

Beatty, 1982), it takes another 60 to 150 ms before fine-grained auditory stimulus 

distinctions can be made, as indexed by the mismatch negativity (MMN; Näätänen & 

Winkler, 1999; Picton, Alain, Otten, Ritter, & Alchim, 2000). The MMN is an 

attention-independent neurophysiological response elicited by an acoustically different 

(deviant) stimulus when presented in a series of homogenous (standard) stimuli 

(Näätänen, 1995; Näätänen, Gaillard, & Mantysalo, 1978). It is thought to reflect 

stimulus discrimination and sensory memory (e.g., Sams, Paavilainen, Alho, & 

Näätänen, 1985), and it can be elicited by any discriminable acoustic contrast: a 

change in intensity, frequency, or duration, or a change in a complex sound like a 

chord, speech syllable, or an auditory pattern. It is present even when the change is 

barely discriminable behaviorally (Kraus, McGee, Micco, Carrell, Sharma, & Nicol, 

1993; Näätänen, 1995; Sams et al., 1985; Sharma, Kraus, McGee, Carrell, & Nicol, 

1993). Importantly, MMN has been shown to relate to a person’s ability to 

behaviorally discriminate between the standard and deviant stimuli (Kraus, McGee, 

Carrell, Zecker, Nicol, & Koch, 1996; Sams et al., 1985).  

Because speech inherently consists of acoustic changes, the MMN may 

provide insight into the biology of speech-sound representation (Kraus, McGee, & 

Koch, 1998). Indeed, there is evidence to suggest that the MMN response is deviant in 

children with known language disabilities. Uwer and colleagues (2002) compared 

MMN responses to tones and synthesized CV syllables (/ba/, /da/, /ga/) in children 
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with receptive and expressive specific language impairment (SLI) and typically 

developing children. While the MMN responses to the tones did not differ between the 

groups of children, the children with SLI had attenuated MMN amplitudes in response 

to the speech stimuli. These results imply that while children with SLI are able to 

discriminate non-speech stimuli, they have a deficit in discriminating speech-specific 

stimuli.  

Kraus and colleagues (1996) examined the relationship between neural 

responses and behavioral discrimination of specific speech sounds in typically 

developing and learning-disabled children. All of the children were asked to 

behaviorally discriminate contrasts on two different syllable continua: /da/-/ga/ and 

/ba/-/wa/; the children with the learning disabilities had more difficulty discriminating 

a /da/-/ga/ contrast than a /ba/-/wa/ contrast. The children were then placed into groups 

of ‘good’ /da/-/ga/ perceivers and ‘poor’ /da/-/ga/ perceivers. Kraus et al. observed a 

MMN response in the ‘good’ perceiver children in response to just-discriminable 

different variants of /da/ and /ga/. In contrast, the children in the ‘poor’ perceiver 

group did not show a MMN. In other words, good perception of /da/-/ga/ was 

associated with a large cortical response to a discriminable stimulus change (i.e., 

MMN), while poor perception was associated with diminished MMN responses. 

Importantly, all the children were able to perceive the /ba/-/wa/ contrast and had 

robust MMN responses to the /ba/-/wa/ contrast. Kraus and colleagues interpreted 

these findings as evidence that the neurophysiologic responses to both contrasts 

reflected the behavioral discrimination abilities of the children: Abnormal neural 
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discrimination of certain speech signals was implicated in poor behavioral speech 

perception.  

Consistent with the idea that children with SLI have speech sound encoding 

difficulties, Shafer, Morr, Datta, Kurtzberg, and Schwartz (2005) examined whether 

children with SLI had deficits in attention-independent processing of brief, 

phonetically similar vowels. While age-matched controls demonstrated MMN 

responses and a late negativity (LN) in response to the vowels, only the LN was 

elicited in the children with language impairment. Shafer et al. interpreted these 

findings as evidence that at least some children with SLI have incorrect weighting of 

features in their phonological representations. In other words, these children with SLI 

encoded less informative/salient features of individual sounds, and as a result did not 

have access to the sound feature information that is typically used to discriminate 

phonemes. 

4.0.3 The present experiment. There have been very few developmental 

training and/or treatment studies that have used electrophysiological methods to 

examine neural change in conjunction with behavioral change, and none have 

examined neural sensory responses in children with phonological delay. The findings 

of Hayes at al.’s (2003) study described above suggest that neural change can occur in 

children who have learning impairments. Given that the electrophysiological tasks 

used to assess neural change specifically targeted the perception of speech sounds, it 

would seem necessary, and appropriate, to assess neural change in a similar task with 

children who have known productive speech sound disorders, because phonological 

delays may potentially be caused by impaired sound perception abilities, and vice 
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versa. Moreover, examining the neural change (in response to specific treatment 

sounds) that occurs after children complete a speech treatment program would be very 

useful for examining the effectiveness of the treatment program. Neural change that 

would occur after treatment could be compared with observable (behavioral) 

productive sound change demonstrated by the children. This would provide further 

evidence for the effectiveness of a particular speech treatment program. 

Because no previous research has evaluated this link, or its neural bases, the 

current experiment examined children’s electrophysiological brain responses 

reflecting sensory encoding (sensory event-related potentials) and attention-

independent discrimination (mismatch negativity; MMN) of syllables containing 

phonemes that children with phonological delay could and could not produce 

correctly. Specifically, the purpose of this experiment was to determine whether 

speech treatment targeting a specific sound (/®/, /tS/, or /T/) would alter the neural 

encoding and/or discrimination responses to the treatment sound, as reflected by the 

P1/P2 or the MMN ERP responses. This experiment was also designed to examine 

whether neural change in children with phonological delays would parallel behavioral 

changes observed following their speech treatment. Understanding how children with 

phonological delays encode and discriminate problematic speech sounds has 

implications for how speech treatment is designed and implemented, as well as 

assessing the effectiveness of a given speech treatment paradigm. Based on the 

previously described studies, it was hypothesized that speech treatment would modify 

underlying neural representations of the treated sound, leading to changes in the P1/P2 
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and/or MMN amplitude and latency reflecting improved production of the targeted 

speech sound.  

Recall that Dell and O’Seaghdha (1991) did not extend their spreading-

activation model to the perception of words. Nevertheless, given that it is an 

interactive model, there is no reason why the model could not also address how the 

perception of sounds influences the formation of a lexical representation and its 

associated semantic meaning (e.g., Baker et al., 2001). Indeed, it would seem quite 

plausible that inaccurate perception of a speech sound (e.g., by not encoding all of a 

sound’s distinguishing features) would possibly lead to overlapping lexical 

representations due to less accurate phonological encoding.  

This ERP experiment specifically addressed speech sound encoding at the 

sound feature level (in consonant-vowel syllables); thus the influence of the segment 

on the lexical representation was left untested. This was not unintentional, however. 

Given the difficulty of assessing perceptual ability via behavioral or 

electrophysiological measures, it was thought prudent to first address the perceptual 

processing of individual phonemes in children with PD. Understanding where the 

perceptual breakdown occurs at the segmental level will help inform and interpret 

results of more complex word-level perceptual tasks in the future. 

In summary, previous research studies examining bottom-up perception of 

speech sounds suggest that sensory responses to sounds can be altered due to 

training/treatment, and that children with language impairments have deviant 

discriminatory responses to speech sounds. The present experiment was designed to 

examine sound content feature encoding and sound discrimination in children with 
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phonological delays, and to examine the neural change that may occur in conjunction 

with speech treatment.  

4.1 METHODS 

 

4.1.1 Participants. Five children (4 male) with phonological delay (PD; ages 

3;0 to 6;11) who were otherwise healthy and 5 age-matched typically developing peers 

(5 male; TD) completed the ERP tasks. See Chapter 2 and Table 4-1 for more 

information about the participants. All children completed an initial ERP recording 

session (i.e., ERP Session 1). Following the initial ERP session, the 5 children with 

PD were enrolled in a speech treatment program, during which they each completed 

19 one-hour speech treatment sessions over the course of 3-4 months. See Chapter 3 

for more details on the speech treatment program. Each child with phonological delay 

completed an individualized speech treatment program and then completed a post-

treatment ERP session (i.e., ERP Session 2). The age-matched TD children did not 

receive speech treatment, but the time between ERP recording sessions was controlled 

so that approximately the same amount of time between sessions passed for both the 

PD and TD children. The age at the time of recording for the children with PD and 

their TD controls was controlled so that their ages were within 2 months of one 

another for each ERP recording. 
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Table 4-1. Participant characteristics of the children with phonological delay (PD) and their typically 

developing age-matched controls (TD). Standard scores (standard deviations) are reported for each 

speech, language, and cognitive test; each test’s mean scaled score = 100, and standard deviation = 15. 

 

 

4.1.2 Stimuli. Syllables (consonant + /a/) were pronounced by a male North 

American English speaker. The syllables were digitally recorded in a sound isolated 

room (Industrial Acoustics Company, Inc., Winchester, UK) using a Beyer Dynamic  

(Heilbronn, Germany) Soundstar MK II unidirectional dynamic microphone and 

Behringer (Willich, Germany) Eurorack MX602A mixer. The syllables were digitized 

at 44.1 kHz with a 16-bit sampling rate. The average intensity of all the syllable 

stimuli was normalized to 65 dB SPL.  

Four different syllable types were used in each experiment and were based on 

the pre-treatment sound inventories of each child with PD (Table 4-2). Thus, the ERP 

stimuli were individualized to each child with PD. The Standard Syllable contained a 
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consonant that the child produced correctly and was included in his pre-treatment 

sound inventory. The Treatment Sound Syllable Deviant contained the specific 

consonant that was being targeted in the speech treatment for each child with PD; thus, 

these sounds were not included in the sound inventory of their respective children with 

PD. The Untreated/Unproduced Syllable Deviant contained a second consonant that 

the child with PD did not produce correctly and was thus not included in his/her pre-

treatment sound inventory. The Produced/Substituted Syllable Deviant contained the 

sound that each child with PD used in error as a substitution for the targeted Treatment 

Sound. It should be noted, however, that some children’s substituted sounds were not 

English sounds, or were highly varied, and as a result the experimenter chose one 

consonant that was closest to the most frequent substitution. The age-matched TD 

children were given the same ERP paradigm as their matched child with PD. Note that 

all of the TD children produced all of the sounds contained in the ERP syllables, as 

measured by their performance on the Goldman-Fristoe Test of Articulation -2 

(Goldman & Fristoe, 2000), except that AM8_MB did not produce /S/ correctly in any 

word position. 

 



 

 

194 

Table 4-2. ERP syllable stimuli. Sounds were chosen on an individual basis to ensure that each sound 

was either correctly or incorrectly produced by each child with phonological delay. See text for more 

detail.  

 

Individual syllables initially varied slightly in duration, due to the individual 

phonetic make-up of each consonant. Syllable duration was minimally modified 

(typically by shortening the vowel duration) so that all syllables were 375 ms in 

length. While it has been shown that children with phonological delays are better able 

to behaviorally perceive prototypical adult speech (e.g., Rvachew, Rafaat, & Martin, 

1999), as compared to synthetic speech (e.g., Edwards et al., 2002; Monnin & 

Huntington, 1974) or child-produced speech (e.g., Chaney, 1988; Hoffman et al., 

1983), this pilot experiment provided optimal adult syllable exemplars to the children 

in order to examine the neural responses under ideal listening situations. Future studies 

will examine ERP responses to other, less optimal speech. Each syllable token used in 

the experiment was correctly identified by at least 10 adult listeners. 

4.1.3 Stimulus Presentation. The stimuli were presented in blocks containing 

237 standard stimuli and 63 deviant stimuli (21 per deviant), with 5 to 8 blocks being 
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presented to each participant in each session. Each block lasted approximately 6 

minutes and the children were given a break between blocks when necessary, which 

was typically 2-3 breaks per session. Within the block, the four stimuli were presented 

using an oddball paradigm in which the three deviant stimuli (probability = 7% for 

each) were presented in a series of standard stimuli (probability = 79%). Stimuli were 

presented in a pseudorandom sequence and the onset-to-onset interstimulus interval 

varied randomly between 600 and 800 ms. The syllables were delivered by stimulus 

presentation software (Presentation software, Version 0.70, www.neurobs.com). The 

syllable sounds were played via two loudspeakers situated 120 cm in front and 30 

degrees to the right and left from the midline in front of a participant, which allowed 

the sounds to be perceived as appearing from the midline space. During the 

experiment, the children sat in their parents’ laps in a sound-treated room and watched 

a silent cartoon video of their choice. Typically the recording of the ERPs took 

approximately 1 hour. 

The children with PD were tested within 2 weeks prior to beginning their 

speech treatment program, and within one month of finishing their treatment program. 

The TD control children were tested at approximately the same age as their matched 

PD peers. Each PD-TD matched pair was presented with the same ERP paradigm 
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containing the same four syllables. Here, only the responses to the Treatment Sound 

Syllable Deviant and the Standard Syllable will be discussed.
6
  

4.1.4 EEG Recording and Averaging. Sixty-six channels of continuous EEG 

(DC-128 Hz) was recorded using ActiveTwo data acquisition system (Biosemi, Inc, 

Amsterdam, Netherlands) at a sampling rate of 256 Hz. This system provides “active” 

EEG amplification at the scalp that substantially minimizes movement artifacts. The 

amplifier gain on this system is fixed allowing ample input range (-264 to 264 mV) on 

a wide dynamic range (110 dB) Delta- Sigma ( ) 24-bit AD converter. Sixty-four 

channel scalp data were recorded using electrodes mounted in a stretchy cap according 

to the International 10-20 system. Two additional electrodes were placed on the right 

and left mastoids. Eye movements were monitored using FP1, FP2 (blinks) and F7, F8 

channels (lateral movements, saccades). During data acquisition, all channels were 

referred to the system’s internal loop (CMS/DRL sensors located in the parietal 

region), which drives the average potential of a subject (the Common Mode voltage) 

as close as possible to the Analog-Digital Converter reference voltage (the amplifier 

“zero”). The DC offsets were kept below 25 microvolts at all channels. Off-line, data 

were re-referenced to the average of the left and right mastoid tracings. 

Prior to averaging, an independent-component analysis (ICA; Jung et al., 2000) 

was used to correct for eye blinks and lateral eye movements. The remaining 

artifactual trials due to excessive muscle artifact, amplifier blocking, and overall body 

                                                
6
 The Untreated sounds were included in the ERP paradigm in hopes of examining neural change in 

sounds that were not targeted in treatment. The Substituted sounds were included in hopes of examining 

neural change that would occur as the child’s sound production was re-organized due to treatment (i.e., 

no longer substituting an “incorrect” sound for the target sound). However, given large amount of 

variability in treatment outcomes, the interpretation of the ERPs elicited by these two sounds was not 

possible with the small sample size. 
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movements were rejected from further analyses by adjusting rejection thresholds for 

each subject individually. Epochs containing 100 ms pre-auditory stimulus and 900 ms 

stimulus time were baseline-corrected with respect to the pre-stimulus interval and 

averaged by stimulus type: Standard Syllable and Treatment Sound Syllable Deviant. 

The data were low-pass filtered at 50 Hz and high-pass filtered at 0.05 Hz, using 2-

way least squares FIR filters. On average, the remaining ERP Session 1 individual 

data contained 751 (SD = 127) Standard Syllable trials (TD M = 774 (SD = 292); PD 

M = 728 (SD = 127)) and 91 (SD = 27) Treatment Sound Syllable Deviant trials (TD 

M = 91 (SD = 36); PD M = 91 (SD = 19)). On average, the remaining ERP Session 2 

individual data contained 786 (SD = 188) Standard Syllable trials (TD M = 784 (SD = 

257); PD M = 789 (SD = 114)) and 93 (SD = 24) Treatment Sound Syllable Deviant 

trials (TD M = 93 (SD = 33); PD M = 94 (SD = 16)). The MMN response was 

measured from difference waves, which were made by subtracting the ERP responses 

to the Standard Syllable trials from the ERP responses to the Treatment Sound 

Syllable Deviant trials. The auditory P1/P2 peak was measured directly from the 

Treatment Sound Syllable Deviant trial waveforms. 

4.1.5 ERP Measurements. ERP responses to the Produced Standard and 

Treatment Sound Syllable Deviant trials were analyzed (hereafter referred to as the 

Standard and Deviant, respectively). The MMN was measured at the seven electrodes 

where it was most robust in the grand-average waveforms: C2, Cz, CP1/CP2, CPz, P1, 

and Pz. Peak latencies of the MMN were measured in the grand averages of the 

children with PD in the 250 to 350 ms post sound onset analysis window. This 

analysis revealed an average mean latency of 325 ms for the seven electrodes. Mean 
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amplitudes of the MMN of each subject were then measured at each of the seven 

electrodes from 25 ms before to 25 ms after the average latency. In other words, the 

MMN mean amplitude was calculated over 50 ms from 300 to 350 ms.  

The auditory P1/P2 peak was measured at the four electrodes where it was 

most robust in the grand-average waveforms: FCz, Cz, CPz, and Pz. Mean amplitudes 

and peak latencies of the P1/P2 of each child were measured at each of the four 

electrodes in the 150 to 250 ms post sound onset analysis window. Visual inspection 

of each child’s ERP waveforms determined whether a single large P1/P2 peak, or two 

separate peaks: P1 (typically larger) and P2 (typically smaller) were present, with 

about half of the children in each group demonstrating a single large P1/P2peak (see 

Introduction for discussion of the developmental trajectory of the P1/P2; see Figure 4-

1 for evidence of both the separate and combined P1 and P2 peaks). In other words, if 

a visually distinct P2 was present, that peak was selected for the analysis; otherwise, 

the analysis was based on the single large P1/P2 peak. In both cases, the most positive 

point of the chosen peak was selected, and the mean amplitude was measured from 20 

ms before to 20 ms after that point, that is averaged over 40 ms within the 150-250 ms 

time window. The P1/P2 latency measurements reflected the peak latency of the 

measured peak.  

The same ANOVA analyses were completed for the MMN and auditory P1/P2 

components. The MMN analyses were completed using seven electrode waveforms 

created from the difference waves; the auditory P1/P2 analyses were completed using 

waveforms elicited by the Deviant stimuli incorporating the four midline electrodes. 
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The effects of ERP Session on Participant Group were examined in an ERP Session 

(1, 2) x Participant Group (PD, TD) x Electrode (7 or 4 levels) ANOVA.  

When applicable, Geiser-Greenhouse corrected p-values are reported. Given 

that many effects were not significant due to small sample sizes with large degrees of 

variability, partial eta squared (
2
) effect sizes are also reported.  

 

4.2 RESULTS 

Across both ERP recording sessions, in both participant groups, the ERP 

waveforms elicited by the Deviant stimuli consisted of a large auditory P1/P2 

positivity at ca. 200 ms and two large negativities, the auditory N2 and auditory N4, 

discernable at ca. 320 ms and 500 ms, respectively (Figure 4-1). Interestingly, the 

waveform morphology of the Deviant minus Standard difference wave was different 

for the two groups of children (Figure 4-2). In both ERP sessions, the TD children 

demonstrated a definite MMN response at c. 325 ms. Alternatively, the ERP Session 1 

waveform of the children with PD showed no evidence of a MMN response, and a 

large positivity was visible (at c. 380 ms) in their ERP Session 2 waveforms. The 

auditory P1/P2 and MMN/treatment positivity components will each be discussed in 

turn below. 

4.2.1 Auditory P1/P2 Amplitude. A trend suggesting a difference between 

Participant Groups was found (F(1,8) = 2.846, p < .13; 
2 
= .262). No ERP Session 

effect (p < .37) or Participant Group x ERP Session interaction (p < .41) were found.  

Pre-planned ANOVAs individually examined the Participant Group effects. 

The children with PD demonstrated a trend of P1/P2 amplitude increase from ERP 
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Session 1 to 2 (F(1,4) = 2.709, p < .18; 
2 
= .404; Table 4-3). The TD children did not 

demonstrate any change in their P1/P2 amplitude across ERP Sessions (F(1,4) = .003, 

p > .96; 
2 
= .001). The comparison of effect sizes across the two participant groups, 

as well as visual inspection of the waveforms, indicates that the auditory P1/P2 of 

children with PD who underwent treatment increased substantially, suggesting that 

neural change occurred in conjunction with treatment (Figure 4-1). 

 

Table 4-3. Auditory P1/P2 Amplitude (SEM) in microvolts for children with PD and TD children 

recorded at three midline electrodes.  

 

PD TD ERP 

Session Average FCz Cz CPz Average FCz Cz CPz 

One 
5.84 

(1.01) 

6.96 

(2.19) 

6.26 

(2.49) 

5.19 

(2.00) 

3.75 

(.82) 

6.75 

(.78) 

4.78 

(1.49) 

3.06 

(1.57) 

Two 
7.54 

(.60) 

8.30 

(1.23) 

8.06 

(1.35) 

7.36 

(1.32) 

3.82 

(.67) 

4.72 

(1.71) 

5.32 

(1.29) 

3.34 

(1.23) 
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Figure 4-1. Treatment Syllable Deviant stimuli effects. ERP Session 1 and Session 2 waveforms are 

overlaid separately for children with PD and TD children. Treatment Sound syllables elicited a greater 

P1/P2 magnitude change across ERP recording sessions in the children who completed a speech 

treatment program. The N2 amplitude significantly decreased from ERP Session 1 to Session 2 in the 

children with PD while no N2 change was found in the TD children. Note: Negative is plotted up in all 

figures. 

 

One final piece of evidence for the treatment-induced effects on the magnitude 

of the auditory P1/P2 comes not from the P1/P2 measurements, but from the 

measurement of the auditory N2 (Figure 4-1). The N2 amplitude of the children with 

PD decreased significantly during the second ERP session, while the magnitude of the 

TD children did not change (F(1,8) = 17.30, p < .003). Independent research from our 

lab has identified a relationship between increases in P1/P2 magnitude and decreases 

in N2 amplitude in healthy adults ( eponien , Westerfield, Torki, & Townsend, 

2008). Thus, the decreased N2 amplitude post-treatment in the children with PD may 
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be linked to the changes in the P1/P2. Indeed, correlation coefficients, comparing the 

N2 and P1/P2 magnitudes at electrodes FCz, Cz, CPz, and Pz, were significant when 

the peaks from ERP Session 2 of the children with PD (r = .599, p < .006) and the TD 

children (r = .808, p < .001) were separately compared. Specifically, as the P1/P2 

amplitude increased, the N2 amplitude correspondingly decreased in the children with 

PD. Thus, the large decrease in the N2 amplitude recorded in ERP Session 2 of the 

children with PD was likely due to waveform overlap (i.e., the enhanced P1/P2 may 

have “cut” the N2 - artificially decreasing its amplitude), instead of being an artifact of 

a small sample size.  

4.2.2 Auditory P1/P2 Latency. No significant latency results were observed 

(Table 4-4; Figure 4-1). 

Table 4-4. Auditory P1/P2 Latency (SD) in milliseconds for children with PD and TD children, 

recorded at three midline electrodes.  

 

PD TD ERP 

Session Average FCz Cz CPz Average FCz Cz CPz 

One 
203  

(33) 

193 

(28) 

209 

(35) 

206 

(34) 

195  

(30) 

197 

(29) 

197 

(30) 

198 

(31) 

Two 
191  

(23) 

191 

(26) 

191 

(24) 

191 

(25) 

191  

(21) 

195 

(32) 

190 

(15) 

190 

(18) 

 

4.2.3 MMN Amplitude. No significant effect of Participant Group (p < .21) or 

ERP Session (p < .30) was observed. No Participant Group x ERP Session effect was 

found (p < .27; Table 4-5; Figure 4-2).  
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Table 4-5. MMN Amplitude (SEM) in microvolts for children with PD and TD children recorded at 

three midline electrodes.  

 

PD TD ERP 

Session Average Cz CPz Pz Average Cz CPz Pz 

One 
.33 

(.74) 

.49 

(3.21) 

.21 

(2.43) 

-.30 

(1.72) 

-3.40 

(1.66) 

-2.78 

(3.60) 

-2.55 

(2.81) 

-2.28 

(2.96) 

Two 
3.50 

(.69) 

4.52 

(1.67) 

4.97 

(2.66) 

3.12 

(2.73) 

-2.43 

(.50) 

-2.23 

(1.58) 

-3.16 

(2.10) 

-2.59 

(1.63) 

 

 

 

Figure 4-2. Treatment Syllable Deviant stimuli minus Standard Produced Syllable stimuli difference 

waves in the children with PD and TD children. The TD children demonstrated a robust MMN response 

across centro-parietal electrodes during both ERP recording sessions. The children with PD 

demonstrated a very small, or non-existent, MMN response to the treatment syllables – sounds they 

could not produce correctly – during ERP Session 1. During ERP Session 2, the post-treatment recoding 

session, the children with PD demonstrated a large positivity during the MMN time window, with no 

visible MMN. 

 

Post-hoc ANOVAs individually examined the Participant Group effects. The 

MMN response of the children with PD changed from no response in ERP Session 1 

to a large positivity in ERP Session 2. While not significant, this change in waveform 
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morphology was supported by a trend (F(1,4) = 4.043, p < .12; 
2  

= .503; Table 4-5, 

Figure 4-2). The MMN response of the TD children did not change in magnitude 

across ERP Sessions (F(1,4) = .095, p > .77; 
2 
 = .023). The comparison of the two 

group effect sizes suggests that the Deviant-Standard differential response of the 

children with PD changed in conjunction with their treatment experience.  

 

4.3 DISCUSSION 

This experiment examined children’s electrophysiological brain responses 

reflecting sound encoding and attention-independent discrimination of auditory 

syllables containing English phonemes that they could and could not produce. The 

amplitude of the auditory sensory P1/P2 component was enhanced in the children with 

PD after completing a treatment program targeting a single problematic speech sound, 

as compared with their responses prior to treatment. Moreover, in contrast to the TD 

children who showed a discriminatory brain response (the MMN), children with PD 

revealed no clear MMN response prior to treatment. While it was expected that the 

MMN would emerge in conjunction with treatment in the children with PD, this was 

not the case; rather, a “treatment positivity” was observed in their responses to the 

treated syllable following treatment.  

4.3.1 Sound content feature encoding: The auditory P1/P2. The increased 

magnitude of the auditory P1/P2 in the children with PD during ERP Session 2, as 

compared to their TD controls who showed virtually no change in the amplitude of 

their P1/P2, indicated that neural change had occurred in conjunction with speech 

treatment. Previous studies have suggested that the enhanced P2 amplitude with 
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training may indicate improvement in synchrony of the neural cells responding to the 

trained acoustic features (e.g., Tremblay et al., 2001; Tremblay & Kraus, 2002). In this 

way, training could enhance the accuracy of the neural response contributing to the P2 

component and as a result reflect heightened neural sensitivity to what was once a 

subtle acoustic cue (Tremblay & Kraus, 2002). Another possibility is that the training-

induced P2 increment reflects recruitment of neighboring cells to respond to trained 

stimuli (Elbert, Pantev, Wienbruch, et al., 1995; Recanzone & Merzenich, 1991; 

Recanzone, Merzenich, & Schreiner, 1992; Recanzone, Schreiner, & Merzenich, 

1993). Thus, the enhanced P2 may index more cells firing after training for the 

practiced stimuli. 

The neural synchrony hypothesis is probably more consistent with the present 

study, especially after considering prior work by eponien  and colleagues who 

examined P2 magnitudes in healthy adults and children. For example, eponien , 

Shestakova, Balan, Alku, Yaguchi, and Näätänen (2001) observed that in typically 

developing children, the amplitude of the auditory P1 peak (or P1/P2 peak) increased 

linearly with increasing sound complexity (simple tones, complex tones, acoustically 

matched vowels). Thus, as auditory input becomes more acoustically complex, the 

P1/P2 peak increases. Further, eponien , Alku, Westerfield, Torki, and Townsend 

(2005) observed that the auditory P2 in adults increases as a sound becomes more 

perceptually salient. Moreover, eponien , Torki, Alku, Koyama, and Townsend 

(2008) presented three spectral items (BA, DA, GA) in three different types of stimuli 

(syllables, non-phonetic correlates of the syllables, and consonant-vowel transitions). 

In this paradigm, eponien  and colleagues (2008) observed that the auditory P2 
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varied as a function of stimulus type in both children and adults. Given that the P2 was 

sensitive to the spectral differences between the syllables (i.e., differentiating /ba/ 

from /da/ from /ga/), eponien  et al. claimed that the P2 serves both stimulus 

detection and identification functions. 

The enhanced auditory P1/P2 in the children with PD can be interpreted 

following the neural synchrony hypothesis (Tremblay et al., 2001, Tremblay & Kraus, 

2002) and the claims of eponien  and colleagues regarding the fronto-central 

signature of the P2 peak (2001, 2005, 2008). If the increased P1/P2 magnitude in the 

children with PD indeed represents heightened sensitivity to the syllable that contained 

their treatment sound (which they could not produce prior to treatment), then it is 

consistent with eponien  et al.’s (2001) suggestion that the P1/P2 increases with 

sound complexity. In other words, after treatment, the spectral information of the 

treatment sound was becoming more fine-grained and/or detailed; this resulted in the 

increased P1/P2 amplitude. Given that at least some of the neural generators of the 

auditory P2 are located in primary/secondary auditory cortices (Reinke et al., 2003), 

this would imply that speech production training is modifying sensory perceptual 

networks. 

Moreover, the increased P1/P2 amplitude fits well with Rvachew and 

Jamieson’s (1995) proposal that children with PD may be weighting nonstandard 

acoustic cues to differentiate speech sounds. Since the P1/P2 in children represents, in 

part, sound content feature encoding, it can potentially represent the amount of 

acoustic encoding allocated for a speech sound. The magnitude of the P1/P2 increased 

during the second ERP recording session, indicating that more encoding of the speech 



 

 

207 

signal was occurring. While the ERP paradigm was not designed to differentiate what 

aspects of the speech signal were encoded, the fact that more neural resources were 

allocated to this phase of speech perception suggests that more informative and 

distinctive sound features were encoded.  

To provide yet further evidence in support of the idea that the increased P1/P2 

magnitude in the children with PD was the result of increased sound content feature 

encoding, the waveforms of the children who were treated with /®/ and /tS/, which 

were the deviant treatment sound syllables, were examined separately (Figure 4-3).
7
 

As was reported in eponien  et al. (2008), the pre-treatment P1/P2 waveform 

morphology was slightly different in the two groups, indicative of the spectral 

differences in the two consonant-vowel stimuli. Though there were waveform 

morphological differences, both groups demonstrated increases in the P1/P2 

amplitude. Thus, regardless of the sound, the children with PD showed increased 

sensitivity to their specific treatment sound after completing 3 or more months of 

speech treatment.  

 

                                                
7
 The three children with PD who did not have age-matched TD controls, but were treated with either 

/®/ or /tS/, were included in this ERP comparison. 
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Figure 4-3. Deviant Treatment Syllable spectral effects. Auditory P1/P2 responses from the 3 children 

with PD who were treated with /®/ and the 4 children with PD who were treated with /tS/. Spectral 

differences due to the different consonant features were clearly visible in the ERP waveform 

morphology. Both groups demonstrated increased P1/P2 magnitudes post-treatment, indicative of 

heightened sensitivity to their specific treatment sound. 

 

As reported in the Results, the P1/P2 amplitude changes from ERP Session 1 

to 2 were not significant. One very likely reason for this null effect was a small sample 

size (5 children in each group). The age of the children varied between 3 and 7 years, a 

time period during which large amounts of neural change occur in the brain. Thus, it is 

likely that a larger sample, with a narrower age range would result in a significant 

P1/P2 effect.  
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It is also possible that the prototypical adult syllable productions used in the 

experiment may have dampened the results. It has been proposed that children with 

severe phonological impairments do not have difficulty behaviorally discriminating 

adult-like phonemic contrasts, even when their own productions appear to merge two 

adult phonemes (e.g., Rvachew et al., 1999). For example, a child who misarticulates 

/®/ as something that is perceived to be [w] by adult speakers will likely be able to 

identify adult-produced /w/ and /®/ as members of separate phoneme categories. This 

is because these children typically do not actually substitute a true [w] for /®/; instead 

they produce sounds that are midway between adult [®] and adult [w] (Hoffman et al., 

1983). Thus, the easy-to-perceive and differentiate adult syllable exemplars may have 

dampened the group differences at the neural response level. Future studies will 

“stress” the perceptual system of children with PD by providing them with non-

optimal speech exemplars, such as those produced by children and/or synthetic speech. 

4.3.2 Sound discrimination: The treatment positivity. The ERP waveform 

derivation that typically results in a MMN (deviant stimulus response minus standard 

stimulus response) created the treatment positivity in the ERP Session 2 waveforms of 

the children with PD. The elicitation of the treatment positivity represented a nearly 

significant change in ERP waveform morphology from pre- to post-treatment for the 

children with PD. On the other hand, the TD children did not show any change in their 

ERP waveforms in terms of the MMN across that same period of time. Thus, similar 
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to the increased amplitude of the P1/P2, the treatment positivity represents a 

neurophysiological change in conjunction with treatment. 

The treatment positivity was not the expected outcome and represents an 

atypical sound discriminatory response, which may be explained in terms of cortical 

development and neural efficiency. Typically, “positive” ERP activity is generated in 

the lower, or deeper, cortical layers, such as layer IIIc or layer IV (e.g., Kral & 

Eggermont, 2007; Ponton, Eggermont, Khosla, Kwong, & Don, 2002; Ponton, Moore, 

& Eggermont, 1999). The neurons in these cortical layers are involved in feature 

encoding. In contrast, “negative” ERP activity is generated in the superficial cortical 

layers, such as layers IIIa/b or layer II (e.g., Ponton et al., 1999, 2002). Because of 

their numerous within-layer connections, the neurons in these layers are often 

involved in feature integration, making comparisons, and so forth. This is consistent 

with the claim that the positive P2 is thought to represent sound content feature 

encoding (e.g., eponien  et al., 2008) – that is, processing the individual features 

contained within a stream of auditory input – while the negative MMN is thought to 

represent perceptual discrimination. 

Based on this, the fact that the children with PD elicited a large positivity, 

instead of the expected MMN, suggests that instead of using the superficial neural 

networks that are used to elicit the MMN, the deep cortical neurons were being 

recruited to make the syllable discrimination responses. Since axonal connectivity 

develops later in the superficial cortical layers, it is possible that children with PD are 

using ontogenetically less mature mechanisms in this particular discrimination 

context. Moreover, the treatment positivity of the children with PD occurs later (ca. 
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380 ms) than the MMN of the TD children (ca. 325 ms; Figure 4-4). This is also 

consistent with the hypothesis that the deep cortical neurons were involved: Since the 

deep layer cortical neurons focus on encoding the phonemic features separately, using 

them to discriminate an entire phoneme would take longer than using the superficial 

layer cortical neurons that are used to integrate the separate features into a single 

phonemic representation. While both neural networks can be used to in perceptual 

discrimination tasks, the deep cortical layer network is less efficient. 

 

 

Figure 4-4. Treatment Syllable Deviant stimuli minus Standard Produced Syllable stimuli difference 

waves. ERP Session 2 waveforms are overlaid across the two participant groups showing a significant 

effect due to treatment. The TD children demonstrated typical MMN response to the deviant stimulus 

while the children with PD elicited the treatment positivity during the same analysis window.  

 

The lack of a MMN in the children with PD is also consistent with the 

proposal by Rvachew and Jamieson (1995) that at least some children with PD may 

lack underlying categories for sounds that occur in their native language. Given that 
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the MMN represents sound discrimination, the fact that the children’s “problematic” 

treatment sounds did not elicit a MMN when presented within a stream of sounds that 

they could produce suggests that their phonemic categories for their treatment sounds 

were not yet established prior to the beginning of treatment. The appearance of the 

treatment positivity in their post-treatment ERP waveforms suggests that the children 

with PD were beginning to establish separate distinguishing categories for their 

treatment sounds; however, given the potential neural source differences in the two 

groups’ responses, the children with PD were not necessarily using the most optimal 

and efficient system. 

4.3.3 Experimental Limitations. It is possible that the standard syllables used 

in the oddball paradigm were not the best sounds with which to contrast with the 

children’s individual treatment sounds. For example, in terms of understanding 

whether or not a child had an established category for his/her individual treatment 

sound, it would have been interesting to use his/her substituted sound as the standard 

(instead of using it as another deviant, as in the present study) with the treatment 

sound as the deviant, and vice versa. That design might have better informed the 

question of whether or not children with PD lack sound categories for those target 

sounds they cannot produce and/or combine sound categories of non-produced sounds 

and their common sound substitutions. 

Unfortunately, the present study did not include a deviant syllable that 

contained a phoneme that the child could say that was not also the substitute for the 

treatment sound. Since this manipulation was left out of the present experimental 

design, there can be no discussion of how the children’s overall sound processing 
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system operated. The present data can only address how the children encoded and 

discriminated their problematic treatment sounds. The only evidence from the present 

study that can address how children with PD encoded and integrated sounds that they 

could produce without error comes from the standard syllable ERP waveforms. Figure 

4-5 shows those children’s standard syllable responses in comparison to their TD 

peers for each of the two ERP recording sessions. There were virtually no differences 

in the amplitude and latency of the auditory P1/P2 responses, indicating that the 

children with PD appeared to be able to appropriately encode the sound content 

features of the sounds they could produce correctly. The auditory N2 response of the 

children with PD was slightly larger in magnitude across both ERP recording sessions; 

however, given the visually small difference between the groups, this peak was not 

subjected to statistical analysis. If this difference persists in a larger sample in future 

research, it will be addressed in more detail. Thus, the primary finding from the visual 

inspection of the standard syllables is that it appears that the children with PD have 

typical sound encoding of at least one sound that they could produce correctly. Thus, 

the abnormal neural responses elicited by the treatment sounds suggest that the 

children with PD have specific encoding and/or discriminatory responses to those 

sounds that they cannot produce correctly. 
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Figure 4-5. Standard Syllable ERP waveforms for the children with PD and the TD children overlaid for 

the two different ERP recording sessions. The children with PD demonstrated slightly larger auditory 

N2 responses than their age-matched controls. See text for more information. 

 

4.3.4 Link between the auditory P1/P2 and treatment positivity. The 

children with PD elicited two positive ERP components (P1/P2 and treatment 

positivity) in response to hearing their treatment deviant phoneme presented in a 

standard syllable context. Interestingly, the two components did not overlap, which 

would suggest that they represent different processes. The first positivity, the auditory 

P1/P2, peaked at ca. 200 ms in the waveform, while the treatment positivity peaked at 

ca. 380 ms. As discussed above, the P1/P2 is likely representative of the encoding of 

acoustic features. The latency of the treatment positivity would suggest that it is 
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involved with higher-order perceptual processes, such as sound feature integration and 

discrimination.  

While the P1/P2 and the treatment positivity appear to represent separate 

neural mechanisms, they may still be linked. It has been proposed that in order to 

generate a MMN, an auditory P2 must first be present (e.g., Atienza, Cantero, & 

Dominguez-Marin, 2002; Tremblay et al., 1998, 2001). For example, Atienza and 

colleagues (2002) observed an enhanced P2 in the waveform of adults 24 hours after 

they had been taught to discriminate two complex auditory patterns. Interestingly, an 

enhanced MMN appeared in the waveform of the same adults 36 hours after training. 

Atienza and colleagues’ (2002) findings suggest that the time-course of neural change 

for the P2 and the MMN is different, but the P2 is perhaps indicative of “faster” neural 

change underlying improved perception while the MMN is representative of “slower” 

neural changes.  

Following this logic, the fact that the children with PD demonstrated increased 

P1/P2 responses, and the treatment positivity post-treatment, suggests that perhaps it is 

only a matter of time before the MMN comes on-line in these children. This is also 

consistent with the idea that deeper cortical neurons are underlying the treatment 

positivity responses. As the neural perceptual response networks in the children with 

PD mature, it is likely that the MMN response could be elicited. Thus, the treatment 

positivity likely represents a less efficient discriminatory response, generated in deeper 

cortical layers, that precedes the emergence of more efficient MMN response 

generated in the superficial cortex layers. 
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Integrating the P1/P2 and treatment positivity findings, it would appear that 

there is a biological basis for perceptual deficits in some, if not all, of children with 

PD, and that, further, these children have abnormal neural encoding and/or attention-

independent discriminatory responses. This perceptual deficit may be two-fold in 

nature. First, the children with PD may have a sound content feature-encoding 

problem. The large increase in the P1/P2 post-treatment suggests that prior to 

treatment the children were unable to adequately encode the separate features of 

speech sounds that they were not producing (as evidenced by their pre-treatment 

sound inventories). In other words, the focused training of producing a single sound 

correctly did result in the increased P1/P2, which was more than likely a direct result 

of learning the specific spectral features that differentiated the treated sound from 

other sounds.  

Second, the children with PD may have problems discriminating sounds they 

cannot produce from sounds they can, which is attributable to their inability to encode 

the individual features of speech sounds that they cannot produce. As evidenced by the 

lack of a MMN prior to treatment, as well as their inability to behaviorally produce 

their treatment sound correctly, the children with PD were not detecting the presence 

of their treatment sound syllable as it occurred within a stream of syllables that they 

could produce. Thus, their neural auditory discriminatory response to sounds they 

could not produce was absent.  

Nevertheless, the treatment positivity was elicited by the treatment sounds 

during the second ERP session. The treatment positivity was interpreted as an index of 

sound discrimination originating from the deep cortical layers, as opposed to the 
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MMN that is generated in the superficial cortical layers. While it was a positive 

outcome that the children with PD appeared to demonstrate evidence of sound 

discrimination at a neural level after speech treatment, the fact that the neural response 

was still unlike that of their age-matched peers suggests that their auditory sound 

discrimination was due to abnormal and less efficient neural responses.  

 

4.4 CONCLUSIONS 

Based on these preliminary ERP findings, children with phonological delay 

appear to have atypical perceptual processing of the sounds they initially could not 

produce correctly. These results suggest that children with phonological delay had 

improved auditory perception of their specific treatment sounds after undergoing 3 or 

more months of speech treatment; however, they were still less efficient in their 

perceptual processing of those sounds as compared to their age-matched peers. Thus, 

behavioral speech treatment that only focuses on sound production may not 

necessarily treat the underlying perceptual deficit present in some children with 

phonological delay. It would appear that at least some of these children might benefit 

from the inclusion of direct perceptual training tasks in speech treatment sessions. This 

remains to be addressed in future research. 

This chapter, in part, is currently being prepared for publication. Cummings, 

Alycia; Townsend, Jeanne; eponien , Rita. The dissertation author was the primary 

investigator and author of the material. 
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CHAPTER 5 

Theoretical and Clinical Implications 

 

This research program aimed to extend the knowledge base of developmental 

phonological delay through two experiments that provided insight into possible 

underlying causes of the disorder, as well as interactions between language and 

sensory systems that a clinician should acknowledge when designing and 

implementing speech treatment programs. First, two different types of treatment for 

phonological delay were administered to address whether the lexicality of the words 

used in treatment affects treatment outcomes. Second, each child’s perception of 

his/her specific treated sound was examined using electrophysiological methods in an 

attempt to measure neurophysiological change that occurred during the children’s 

enrollment in the treatment program. The outcomes from these individual experiments 

provide unique and independent information about children with phonological delay. 

The experiments also show that there are interactions between the phonological 

system and other language (e.g., the lexicon) and sensory systems. These findings 

have broad implications at both the theoretical and clinical levels. 

5.1 THEORETICAL IMPLICATIONS 

The present research program used the spreading-activation model (e.g., Dell, 

1986; Dell & O’Seaghdha, 1991) as a framework within which to examine speech 

production and sound perception in children with phonological delay. Recall that the 

spreading-activation model distinguishes among semantic units, lemma/word units, 

and phonological segment units, and the units are organized into a single network. The 
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different levels of units are connected and allow for a bidirectional spread of 

activation, with phonological information influencing word selection (i.e., bottom-up 

processing), and semantic and other non-phonological information affecting 

phonological segment selection (i.e., top-down processing; Dell & O’Seaghdha, 

1991).  

For a child with phonological delay, both top-down and bottom-up processing 

may be impaired. For example in terms of top-down processing, it is possible that the 

phonological segments of the lexical representation are difficult to access due to 

lexical properties of the word. Conversely, bottom-up processing may also be 

challenging to a child with phonological delay if he/she is unable to process the fine-

grained acoustic distinctions that differentiate phonemes. In this dissertation, top-down 

processing was addressed in the treatment program, in order to examine how the 

lexicon influences the production of individual phonological segments. Bottom-up 

processing was addressed in the event-related potential (ERP) experiment, as the 

children’s perception of individual sounds was measured at a neural level.  

5.1.1 Top-down processing during treatment. The treatment results are 

consistent with Dell and O’Seaghdha’s (1991) claim that there are strong connections 

between the semantic, lexical, and phonological representations: The top-down 

processing of semantic and lexical information influenced the children’s phonological 

production of their treated sounds. More specifically, since high frequency words are 

more common in the auditory input of the children, their resting activation level is 

higher than that of low frequency words. Because of the higher resting level, the 

amount of exposure necessary to activate a high frequency lexical representation (i.e., 
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bring it to conscious awareness) is less than that needed by low frequency words. 

Thus, the high frequency words have stronger connections between their semantic, 

lexical, and phonological representations than do low frequency non-words. 

Following the predictions of the spreading-activation model (e.g., Dell, 1986; 

Dell & O’Seaghdha, 1991), the high frequency real words used in this treatment 

paradigm necessitated less “learning” than did the non-words. The real words had 

stronger network connections, which were due in large part to the frequency and the 

familiarity of the words’ meanings and their associated lexical representations. This 

allowed the children in the real word condition to focus on learning the correct 

productive phonological representations of their treatment words. On the other hand, 

the children in the non-word condition initially had no network connections between 

the semantic, lexical, and phonological representations of their treatment non-words. 

As a result, the children had to learn the meaning of the word, the lexical form, and 

also the associated phonological form necessary for production. Thus, the non-word 

network connections needed time and exposure in order to be strengthened, which 

resulted in less accurate productions and often were somewhat delayed in their onset 

of phonological change, as compared to the children treated with real words. Thus, the 

children’s productions were at least partially driven by the accessibility of their 

semantic and lexical representations: The high frequency real words were more easily 

accessible, which in turn better facilitated improvement in accuracy of the phonemes 

contained in the corresponding lexical representations. 

The treatment work discussed in the present paper represents an initial step 

towards future testing of the spreading-activation model’s claims. The treatment study 
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included 8 children with functional phonological delays; however, a few of the 

children possibly had other concomitant delays and/or disorders. Moreover, having a 

larger sample size would allow for greater generalization of the results. Thus, the first 

phase of future work will be to recruit more children of the same ages and continue 

with the treatment protocol as discussed in this paper. Other future treatment protocols 

will also need to address other lexical variables, such as word density, and 

phonological properties, such as phonotactic probability, to see if the interaction 

between the lexical and phonological representations occurs with those manipulations 

as is predicted by the model (e.g., Dell, 1986; Dell & O’Seaghdha, 1991).  

An additional line of treatment work will need to address the role of 

phonological complexity in the spreading-activation model. The current results 

suggest that reducing the cognitive load through the use of high frequency words, 

allows children to focus solely on the phonological segments comprising the lexical 

form. This, to a point, contradicts complexity theory (e.g., Gierut, 2001, 2007) which 

hypothesizes that the more marked a phonological segment is, the more system-wide 

phonological change it may induce when it is targeted in treatment. In other words, 

more cognitive processing of a sound potentially leads to greater phonological change. 

If this interpretation is correct, then it would seem that reducing the cognitive load at 

other levels (e.g., lexical and/or semantic) is necessary for change to occur when 

complex sounds are involved in treatment, as there is a limit to how much cognitive 

processing can occur at any one point in time. The present study used three complex 

sounds in treatment (/®/, /tS/, and /T/) and they were placed in arguably less, and 
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more, challenging lexical contexts (i.e., the real and non-word treatments, 

respectively). And not surprisingly, the less cognitively “challenging” real word 

lexical context elicited greater phonological change with the complex sounds. It would 

be interesting to examine less complex sounds in this same paradigm to see if real 

words continue to elicit greater amounts of phonological change. It is possible that if 

less complex sounds were targeted, non-words may elicit phonological change that is 

equal to or greater than that elicited by real words since less cognitive processing 

would be necessary for the production of the phonological segments; essentially, less 

complex sounds may free up the cognitive load so that it can be directed at other 

processing tasks, such as encoding a non-word’s lexical and semantic representations. 

5.1.2 Bottom-up processing of speech sounds. While Dell and O’Seaghdha’s 

spreading-activation model did not explicitly address speech perception, it only seems 

logical that an interactive language model should also take into consideration how the 

perception of sounds affects the formation of lexical and semantic representations 

(e.g., Baker et al., 2001). As discussed previously, the present ERP experiment did not 

explicitly address the phonological-lexical interaction since speech sound encoding 

was assessed at the sound content feature level in consonant-vowel syllables. 

However, these preliminary data will inform later studies involving more complex 

word-level perceptual tasks.  

The small numbers of subjects in the ERP task provided fairly compelling pilot 

data that will need to be extended and replicated in future studies with more children. 

Comparing the pre-treatment data of the children with PD and their healthy age-

matched controls did not result in any statistical trends, but visual examination of the 
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individual mismatch negativity (MMN) waveforms suggests that there was an 

underlying difference in how children with speech sound disorders discriminate 

sounds they cannot say from those they can, when compared with typically developing 

children who can produce both sounds. Indeed, the smaller auditory P1/P2 elicited in 

the children with PD prior to treatment suggests weaker/less accurate feature encoding 

of their treatment sound. Still, the children with PD showed a much larger and longer 

P1/P2 in response to their treated sound after they finished the treatment program. The 

enhanced magnitude of the P1/P2 was possibly due to better neural synchrony. That is, 

after treatment, the neurons were better tuned to the features of the treatment sound, 

which led to stronger/larger neural responses. Moreover, the post-treatment treatment 

positivity that was observed in the children with PD suggests that while there was 

initially no discrimination of the problematic phoneme within a stream of sounds (as 

evidenced by a lack of a MMN), an ontogenetically earlier and less efficient 

discriminatory response was triggered by treatment. 

The ERP results are quite consistent with the spreading-activation model (e.g., 

Dell, 1986, Dell & O’Seaghdha, 1991), which is reassuring in its own right, 

considering that connectionist models are thought to be inherently representative of 

the brain and the neural networks that it contains (e.g., Plaut, 1995). Specifically, the 

lack of a pre-treatment MMN response, and a reduced auditory P1/P2, to the sounds 

the children could not say are indicative of phonological segments that have little 

activation within the network. Taking this a step further, one could hypothesize that 

the poor encoding of certain sounds would result in no, or atypical, established 
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connections between the phonological segments and the lexical representations, which 

would lead to faulty/incorrect lexical representations.  

The increased P1/P2 and the appearance of the treatment positivity indicate 

that new and/or increased neural activity was being recruited for the encoding and 

discrimination of the treatment sound. This neural activity can be represented within 

the framework of the spreading-activation model as increased connectivity and/or 

increased activation. Thus, as the neural responses to the specific features of the 

treatment sound increased, the connection strength within the network also increased. 

The appearance of the treatment positivity may indicate that new connections are 

being made, at least within the phonetic segment layer of the model. These 

connections can represent the individual sound content features, and can both inhibit 

and increase activation of features of other sounds that are similar and dissimilar to a 

target sound. Similar features would lead to decreased activation of the phonetic 

segments because of their competition for cognitive resources, while different sound 

features would elicit greater activation. Thus, these within-layer connections at the 

segmental layer can arguably underlie the discrimination responses necessary to 

distinguish between two sounds. 

As discussed above, this study only addressed perception at a syllable level 

and, unfortunately, syllable perception tasks do not allow for lexical interactions. 

Identification of a stimulus is influenced by context, especially if the stimulus is 

ambiguous or degraded (McClelland, Mirman, & Holt, 2006) and the contextual effect 

is due to a lexical influence on pre-lexical representations, as predicted by interactive 

approaches to speech perception (e.g., McClelland & Elman, 1986). The true test of 
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the spreading-activation model (e.g., Dell, 1986; Dell & O’Seaghdha, 1991) will come 

from the perceptual processing of words. Specifically, it would be interesting to 

examine the processing of minimal pair words that differ by a single phoneme, such as 

the child’s treatment sound (e.g., “ring” compared with “wing”). Comparing the 

sensory and lexical level ERP indices of such minimal pair words may provide an 

indication of how perceptual processing of problematic sounds impacts the creation 

and accessibility of lexical representations. 

There are other more basic questions that need to be addressed using ERPs. 

Specifically, the present ERP oddball paradigm did not include a deviant sound that 

the child could produce, and was not confounded in any way with the treatment 

syllable, such as the Produced/Substituted Deviant syllable of the present study. 

Because of this missing piece, the present study cannot address how children with PD 

process and discriminate all sounds. The abnormal encoding and/or discrimination of 

the treatment sound was not necessarily unexpected given its problematic nature for 

each child. Nonetheless, at this point, it is uncertain whether the abnormal neural 

processing extends to all sounds in a child’s sound system, as that manipulation was 

not tested. As a result, future ERP studies must include a deviant sound that the 

children with PD can produce without error. It would also be important to directly 

compare the processing of a child’s treatment sound and the sound that he/she 

produces instead of the target sound (i.e., the “substituted” sound). Using the 

substituted sound as the standard and the treatment sound as the deviant would 

potentially highlight any neural response level differences that underlie the encoding 

and discrimination of those two sounds. It is possible that children with PD cannot 
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distinguish between two different underlying phonological representations that are 

produced with a single surface phonological form; the oddball paradigm should 

theoretically inform that interesting and important question.  

It has also been shown that perceptual deficits in children can be absent in 

quiet, but manifested in noise typical of everyday listening situations (Hayes et al., 

2003). Moreover, children with speech-sound perception deficits have difficulty 

perceiving speech in noisy listening environments (Kraus & Nicol, 2003). Because of 

the relationship between speech sound perception and speech sound production, it 

would be important to examine the effects of auditory enhancement during treatment. 

It is possible that extra amplification may help highlight distinguishing sound content 

features, and thus lead to better treatment outcomes. Since Cunningham, Nicol, 

Zecker, and Kraus (2001) observed that the neural representation of acoustic events 

can be improved by specific cue enhancement (e.g., increasing the intensity of a 

consonant burst), it would also be important to examine neural response differences 

(via ERPs) to sounds that are amplified and sounds that are presented at typical 

listening levels in children with PD. 

Finally, it is possible that the perceptual processing abilities of children with 

PD are deviant even when non-speech sounds are heard. Another important step in 

understanding the perceptual system of children with PD would be to record their ERP 

responses to simple and complex tones, environmental sounds, and so forth. 

Moreover, it is possible that children with phonological delays differ from typically 

developing children in even more basic neural responses recorded from lower in the 

auditory pathway – the auditory brainstem response (ABR). King, Cunningham, 



 

 

227 

Nicol, Warrier, and Kraus (2002) observed that while children with learning problems 

demonstrated typical ABRs to clicks, their onset response to a speech sound was 

significantly later than that of their typically developing peers. I would like to examine 

the children with PD’s ABRs to clicks/tones and speech sounds to see if their deviant 

neural processing extends beyond the cortex and into subcortical substrates. Studies 

such as these could highlight potentially subtle differences in perceptual processing of 

children with PD and their healthy peers. 

5.2 CLINICAL IMPLICATIONS 

The results of the present study have broad implications for how treatment is 

designed and administered to children with PD. Specifically, the treatment program 

results revealed that the lexicality of treatment words could affect how much 

phonological change occurs in a child with PD. In other words, hearing words in every 

day life may be important for these children. They may need additional exposure to 

sounds in words before they can figure out how to say them correctly. Thus, based on 

the results of the present study, it appears that the type of words chosen for treatment, 

and the frequency of occurrence of those words in the English language, could affect 

treatment outcomes.  

Being able to objectively determine whether or not a child also has a 

perceptual disorder along with a productive/articulation disorder should affect how 

treatment is administered. A child with perceptual difficulties in addition to difficulties 

in production will need additional training in recognizing sounds, categorizing sounds, 

discriminating minimal contrasts between sounds, and so forth. The preliminary ERP 

results suggest that children with PD had improved auditory perception of their treated 
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sound after treatment; however, they were still less efficient in their perceptual 

processing than their age-matched peers. Based on these results, treatment that only 

focuses on sound production may not necessarily address the underlying perceptual 

deficit that is more than likely present in at least some children with PD. It would 

appear that some children might need and/or benefit from direct perceptual training 

tasks and/or phonological awareness-type tasks.  

Moreover, objectively evaluating a child’s perceptual abilities will possibly 

lead to different interpretations of a treatment paradigm’s relative effectiveness. 

Accurate production of a word cannot occur until a child has established accurate 

perceptual phonological representations of the sounds that make up the word. Thus, it 

is possible that a child who initially enrolls in treatment with concomitant perceptual 

and productive phonological disorders may not demonstrate any productive 

phonological change; however, that child’s perceptual phonological representation 

may undergo change due to the treatment experience. Thus, change due to treatment 

may occur, but it just might only be in the perceptual (i.e., difficult to assess) 

phonological representation and not in the overtly produced phonological form.  

Unfortunately, with the small sample in the present study, it was not possible 

to examine the differences in neural responses and how that related to treatment 

outcomes. Gathering a much larger sample in the future could be used to evaluate 

variability in treatment. Specifically, it would be useful to examine pre- vs. post-

treatment ERP measures to determine if there are different neural patterns in children 

who show less, and more, phonological change due to treatment. Such analyses may 

highlight different subgroups of phonological delay, perhaps separating them into 
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children who have purely phonetic disorders (i.e., problems with motor planning and 

programming of speech articulators) and those that have phonological disorders (i.e., 

due to underlying cognitive and/or linguistic processing problems). These results may 

also differentiate between children who have concomitant perceptual disorders and 

those who have purely a productive phonological delay.  

In sum, this current research program is just the first step towards a better 

understanding of phonological delay. A career’s worth of work lies ahead as we 

continue to advance the knowledge base of developmental speech and language 

disorders. These challenges will be met with considerable zeal. 
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Notes on the Real Word Density and Frequency Ratings 

 

WA-St. Louis: Density. This was a measurement of word density created by 

Sommers from the Washington University in St. Louis Speech and Hearing Lab 

Neighborhood database: http://128.252.27.56/Neighborhood/Home.asp. If a word had 

ten words or fewer in its neighborhood, it was considered to be low density. 

 

WA-St. Louis: Frequency. This was a measurement of word frequency created by 

Sommers from the Washington University in St. Louis Speech and Hearing Lab 

Neighborhood database: http://128.252.27.56/Neighborhood/Home.asp. This portion 

of the database was based on Ku era & Francis (1967), but there were some 

differences in certain words, due to the number of words in the databases. If a word 

had a value of 100 or higher, it was considered to be high frequency.  

 

CDI%. Based on the parent questionnaire, the MacArthur-Bates Communicative 

Developmental Inventory (CDI) Words and Sentences form (Fenson, Dale, Reznick, 

Bates, Thal, & Pethick, 1994). The value refers to the percentage of 30-month-old 

infants saying a word, based on CDI norms (Fenson & Dale, 1996). 

 

K&F. Adult written word frequency database created by Ku era & Francis (1967). 

Maximum word frequency is 69971, minimum word frequency is 0. 
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1
st
 Grade Vocab. Frequency of occurrence out of 285,747 words spoken by first 

grade children created by Moe, Hopkins, and Rush, (1982).  

 

Reading Vocab. This was a database of the first, second, third, and fourth 500 written 

words learned by children (Gates, 1935).  

 

5 yr. Spoken. This was a database of spoken words produced by 30 5-to-7-year-old 

children (Wepman & Hass, 1969). Frequency of occurrence was calculated per 10,000 

words. 

 

W&H Adult Spoken. Similar to the Wepman & Hass (1969) child database above, 

this database consisted of spoken words produced by 54 Adults (Jones & Wepman, 

1974). Frequency of occurrence was calculated per 10,000 words. 

 

Leech Adult Spoken. This database was based on British adult conversational speech 

(Leech, Rayson, & Wilson, 2001). Frequency of occurrence was calculated per 

1,000,000 words. 

 

Brown Verbal. This database, the London-Lund Corpus of English Conversation, 

measured the frequency of occurrence of words in adult verbal language (Brown, 

1984). The frequency range was from 0 to 6833, with a mean frequency of 35, and 

standard deviation of 252. 
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APPENDIX TWO. Density ratings of the non-words used in the treatment study. Density was 

calculated using the Washington University in St. Louis Speech and Hearing Lab Neighborhood 

database: http://128.252.27.56/Neighborhood/Home.asp. 
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APPENDIX THREE. Treatment stimuli used for /®/ treatment sessions.
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APPENDIX FOUR. Story used to present words for /®/ treatment sessions. 

Maisy’s Good Idea 

Maisy is reading/ruhving a story about animals playing at the river/rehbar. Then 

she gets a great idea: Why not go to the river/rehbar to see the real animals? Maisy 

goes running/rading downstairs. There’s lots to do to get ready/reekoh for the 

river/rehbar trip. First, she must invite her friend Charley to come along. “Do you 

want to go with me to the river/rehbar today, Charlie?” Oh wow, really/rohnuh? 

That sounds like lots of fun. I’ll come to your house soon. Maisy also wants to make 

cookies to eat at the river/rehbar. She is reading/ruhving the recipe and she has 

everything she needs to make the cookies. Maisy rolls out the cookies. Will they be 

ready/reekoh in time for the river/rehbar trip? She really/rohnuh hopes so and puts 

them in the oven. Ding. Dong. It’s Charley and Tallulah at the door! “Are we 

really/rohnuh going to the river/rehbar today, Maisy?” “Yes we are!” Buzz. Buzz. 

What’s that noise? Maisy is making cookies for the trip to the river/rehbar. And now 

they are ready/reekoh! Let’s eat some! Ooo, they are really/rohnuh hot! The cookies 

were a good idea, Maisy, but we still want to go to the river/rehbar. OK. Let’s get 

ready/reekoh to go. Do we have everything? I really/rohnuh hope so. “Maisy, I 

really/rohnuh don’t feel like running/rading to the river/rehbar. My tummy is too 

full of cookies.” That’s OK Charley. We can ride our bikes instead. Yay! They finally 

made it to the river/rehbar! What an adventure that was. Great idea Maisy! 
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APPENDIX FIVE. Treatment stimuli used for /tS/ treatment sessions. 
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APPENDIX SIX. Story used to present words for /tS/ treatment sessions. 

Chelsea’s Ponytail 

One day Chelsea went to school with a ponytail coming straight out the back of her 

head. All the children/chilkren made fun of it. They said it was ugly, very ugly. 

Chelsea said, “It’s my choice/chohg and I like it.” The next day, all the 

children/chilkren wore ponytails. The next morning, Chelsea said, “Today, I want to 

take a chance/chabz. I want my hair to come out over the side of my ear. She went to 

school and every child/chewlk made fun of her hair. They said it was ugly, very ugly, 

but Chelsea didn’t care. She said, “It’s my choice/chohg and I like it no matter what 

you say.” The next day all the children/chilkren had hair coming out over their ears. 

The next morning Chelsea’s mom asked her how she wanted her hair done. Chelsea 

said, “I want to take another chance/chabz. I want to change/choydge my hair so that 

it comes out the top of my head like a tree.” Her mom said, “Is that what you really 

want?” Chelsea said, “Yes. It’s my choice/chohg to make a hair change/choydge.” 

When she went to school every child/chewlk said her hair was ugly, very ugly. But, 

the next day, all the children/chilkren had hair coming out the top of their heads. It 

looked like big stems of broccoli. The next morning, Chelsea again told her mom she 

wanted to change/choydge her hair. This time she wanted it coming out the front and 

hanging down in front of her nose. Her mom said, “But no one will know if you’re 

coming or going. Is this what you want?” Chelsea said, “It’s my choice/chohg to 

change/choydge my hair however I want!” She went off to school and all the 

children/chilkren said her hair was ugly, very ugly. The next day, every 

child/chewlk and even the teacher had ponytails coming out the front and hanging 
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down in front of their noses. No one could see where they were going. 

Children/Chilkren kept bumping into each other. Chelsea got very upset. “Every 

child/chewlk here is a copycat of me. You all do whatever I do so now I’m giving you 

a chance/chabz to know what I’m going to do next. Tomorrow I am going to...shave 

my head!” The next day, the teacher had shaved her head and was bald. All the 

children/chilkren had shaved their heads and were bald. Every child/chewlk was 

waiting to see Chelsea’s hair change/choydge. Then, Chelsea came in with a ponytail 

coming out the back of her head. She said, “It’s my choice/chohg not to 

change/choydge my hair. I like it just the way it is.” 
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APPENDIX SEVEN. Treatment stimuli used for /T/ treatment sessions. 
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APPENDIX EIGHT. Story used to present words for /T/ treatment sessions. 

Theo’s Snowsuit 

One day, Theo’s mom bought him a new snowsuit. “Ugh! That’s the ugliest 

thing/thohnt I’ve ever seen!” His mom said, “I thought/thoog you wanted to go to 

school today. You can’t leave until you put this thing/thohnt on.” Theo threw/throy 

a big tantrum and said, “Nooo!” After three/thrah loud No’s, his mom picked Theo 

and the snowsuit up and tried to stick them together. Theo escaped and ran 

throughout/throyahd the house – making a big mess. After three/thrah hours, 

Theo’s mom got the thing/thohnt on him. Theo went off to school and hung up his 

snowsuit. When it was time to go play, all the other children put on their snowsuit and 

ran outside. But not Theo. He threw/throy a tantrum and said, “I refuse to put this 

thing/thohnt on!” His teacher said, “I thought/thoog you wanted to go play.”  

“Nooo!”, said Theo. After three/thrah loud No’s, his teacher picked up Theo and the 

snowsuit and tried to stick them together. Theo escaped and ran throughout/throyahd 

the classroom – making a big mess. After three/thrah circles around the room, the 

teacher was wearing Theo’s snowsuit and Theo was in the teacher’s dress. Theo said, 

“I thought/thoog you wanted me in that thing/thohnt.” When the teacher saw what 

she was wearing, she picked up Theo and the snowsuit and they ran 

throughout/throyahd the classroom. When it was over, the snowsuit and the dress 

were in a knot on the floor and Theo and the teacher were in their underclothes. Just 

then the principal came in. The teacher said, “It’s Theo. He refuses to put on his 

snowsuit.” The principal said, “Theo, I thought/thoog you wanted to go outside and 

play. You will put on your snowsuit.” Theo threw/throy another tantrum. After 
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three/thrah loud No’s, the principal picked up Theo and his snowsuit. They ran 

throughout/throyahd the classroom and when it was over, the principal was in the 

teacher’s dress, the teacher was in the principal’s suit, and Theo was still in his 

underwear. Then, one of Theo’s friends shouted from the playground, “Theo come out 

and play.” So Theo jumped into his snowsuit in three/thrah seconds and ran out the 

door. The teacher and the principal both threw/throy tantrums. “You have on my 

dress,” said the teacher, “take it off!” “No, you have on my suit – take it off first,” said 

the principal. They argued and argued, but neither one wanted to change first. When 

Theo came in from recess, he picked up their hands and the three/thrah of them 

rolled throughout/throyahd the classroom and finally everyone was back in their 

own clothes. The next day, the principal quit his job and moved to Arizona where no 

one wears a snowsuit. 
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APPENDIX NINE. Words presented in the Assessment of English Phonology (AEP; Barlow, 2003). 
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