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Abstract 
 

 Empirical studies suggest that children with speech sound disorders (SSD) can present 

with concomitant language and/or literacy impairments. Research also supports the comorbidity 

of motoric deficits in children with speech and language impairments, but the cumulative 

research exploring this comorbidity is lacking. The present study investigated the complex 

relationships that may relate to speech sound abilities, including phonological awareness (PA), 

rapid automatized naming (RAN), and non-speech-based motoric abilities, among an early 

school-age sample. Standardized assessments were administered to obtain various measures of 

each ability. Results indicated significant relationships between speech sound abilities and PA, 

PA and RAN, GFTA-3 SIW and SIS subtests, and non-speech-based motoric proficiency and 

speech sound abilities. There was no significant relationship between speech sound abilities and 

RAN or PA/RAN and non-speech-based motoric abilities. The potential causation of these 

comorbidities and clinical implications will be discussed. 
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Chapter I 

Introduction   

Ongoing research is continuously exploring the intricacies of speech sound production, as 

it is paramount to the field of speech-language pathology.  Speech production consists of 

articulation and phonology. The articulation of speech sounds is a motoric process involving 

coordinated movements of the articulators and speech systems, whereas phonology is the 

language domain responsible for outlining the rules associated with the distribution and 

sequencing of phonemes.  Speech sound disorders (SSD) are classified as either motor or 

language-based.  Children with motor-based disorders often have difficulty physically 

articulating speech sounds, while those with language-based disorders find it especially 

challenging to understand the phonological system and rules of a language.  Children with SSD 

often present with delayed acquisition of phonemes and lower levels of intelligibility.  

Approximately 3.8% to 6.4% of 5-to-8-year-old children are classified as having SSD (Shriberg 

et al., 1999), thus highlighting the prevalence of SSD in the early school-aged population.  There 

is an abundance of literature supporting comorbidity among SSD, language impairments (LI), 

and reading disorders (RD).  Assessment measures may incorporate an extensive evaluation of 

all communication domains to increase the likelihood of identifying potential concomitant 

delays.  Peer-reviewed studies also suggest a connection between SSD and motoric impairments; 

however, the underlying relationship between the two is still being established. The present study 

aimed to further examine the association between phonological processing, speech sound 

proficiency, and non-speech-based motoric abilities in the early school-age population.   
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Chapter II  
 

Review of Literature  
 

An Overview of Articulation and Phonology 
 
Articulation  
 
 The articulatory component of speech sound production is a systematic and intricate 

process that involves the rapid movement of the articulators, supported by adequately 

functioning respiratory, phonatory, and resonatory systems.  This process commences by the 

brain initiating respiration followed by activation and stimulation of the larynx, resonatory 

cavities, and articulators.  The respiratory system supplies the body with adequate airflow for 

speech production and consists of the lungs, bronchi, trachea, diaphragm, and ribcage.  The 

phonatory system provides voicing for speech and consists of the vocal folds and larynx; the 

resonatory system aids in uniquely shaping the vocal tract and includes the pharyngeal, oral, and 

nasal cavities.  The articulatory system consists of two types of articulators, which include 

primary and secondary articulators.  Primary articulators are mobile and include the tongue, 

mandible, lips, and velum; secondary articulators are immobile and include the teeth, hard palate, 

alveolar ridge, and glottis.  Articulation of speech sounds is a motoric process that involves 

coordinated movements of the articulators and speech systems.  Each consonant and vowel have 

an individualized voicing, place, and manner combination, which molds a distinctive speech 

sound.  When an individual engages in conversational speech, the phenomenon of coarticulation 

transpires.  Coarticulation involves the articulators continually moving into position for other 

segments of speech.  The speech systems are multifaceted and interconnected, each working 

collaboratively and efficiently, thus, allowing a clear and comprehensible message to be 

articulated (McLeod & Baker, 2017).  
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Phonology  
 

Phonology is the domain of language concerned with the rules governing the structure, 

distribution, and sequencing of speech sounds (Owens, 2016).  A phoneme is characterized as 

the smallest linguistic unit that can signal a difference in meaning, and every language consists 

of various phonemes.  A phoneme is not an individual sound; instead, phonemes formulate a 

family of sounds often referred to as allophones.  Each allophone within a sound family varies 

slightly from another, but not enough to be classified as another phoneme. Phonology guides 

phonotactics, which defines the rules associated with phonemes.  Indeed, phonotactics outlines 

the acceptable combinations of phonemes within the initial, medial, and final positions of words.  

Phonotactics also reveals the rules related to the sequencing and positioning of phonemes; 

however, these rules are not universal to every language (McLeod & Baker, 2017).  

Speech Sound Disorders      
 
 "SSDs are characterized by difficulties in forming and stringing together sounds, usually 

by substituting one sound for another, omitting a sound, or distorting a sound" (Newmeyer et al., 

2007, p. 604).  Children with SSD often present with delayed acquisition of phonemes and lower 

levels of intelligibility than typically developing peers without SSD.  SSDs consist of two 

distinct categories, which include disorders that are either language or motor-based.  Language-

based disorders include phonological and inconsistent phonological disorders.  Motor-based 

disorders include articulation disorders (AD), childhood apraxia of speech (CAS), and childhood 

dysarthria.  An inconsistent phonological disorder, CAS, and childhood dysarthria are less 

relevant to the current study and are thus not considered in this literature review.  
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 SSDs are classified as either organic or functional.  An organic SSD has a known cause, 

such as otitis media with effusion, Down syndrome, or cleft palate.  In contrast, a functional or 

idiopathic SSD does not have an identifiable cause.  There are specific risk and protective factors 

associated with SSD, which include, but are not limited to, gender, psychosocial behaviors, 

temperament, maternal education, and family.  Children with SSD often have difficulty in one or 

more of the following areas: perception, motor production, phonological representation, prosody, 

intelligibility, and acceptability.  SSDs can impose adverse effects on the social, educational, 

occupational, and familial aspects of a child's life, therefore, accentuating the necessity for early 

clinical identification of SSD in the early school-aged population (McLeod & Baker, 2017).   

Phonological Disorder 
 

 Children diagnosed with phonological disorders (PD) have difficulty learning the 

phonological system and comprehending the sound system of a language.  Appropriate storage of 

phonological representations is often considered inadequate, consequently contributing to PD, 

phonological awareness (PA) deficits, and poor literacy skills (Rvachew & Grawburg, 2006).  

Children with PD have trouble with phonemic organization, which creates difficulty when 

attempting to organize and use speech sounds contrastively; therefore, speech errors frequently 

occur in conversational speech.  Speech sound errors occur in a pattern and include more than 

one sound from a class of sounds.  Phonological patterns are generally defined as typical or 

idiosyncratic.  Typical patterns in a young child's phonological system are considered 

developmentally appropriate; however, idiosyncratic patterns are atypical because of their 

infrequent occurrence in typically developing children.  Early school-age children commonly use 

typical phonological patterns such as gliding, cluster reduction, and alveolarization; however, 

patterns should suppress as maturation occurs. If phonological patterns persist beyond the 
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normative age of suppression, then a child is demonstrating characteristics associated with PD.  

PD is also referred to as a phonological impairment or phonological delay (McLeod & Baker, 

2017).  

Articulation Disorder 
 

 Children diagnosed with AD have difficulty with the motoric processes of speech and 

articulation of specific speech sounds.  Structural impairments such as ankyloglossia, 

macroglossia, cleft lip, and malocclusions often interfere with a child’s ability to smoothly and 

precisely articulate speech sounds.  Additionally, children may have poor tongue placement for 

lingual-based sounds, therefore contributing to the distortion of specific speech sounds. 

Articulation errors generally involve the distortion of sibilant or rhotic sounds, although other 

speech sounds may be affected, too.  Children with AD frequently substitute developmentally 

easier consonants /w, s, z/ for later developing consonants /r, θ, ð/; however, they do not 

demonstrate an impaired phonological system because they understand the difference and 

meaning of the sounds within a language.  Frontal, dentalised, palatal, and lateral lisps are 

sometimes observed in children with AD (Itagi et al., 2018).  Some children are resistant to AD 

improvements, even with ongoing therapy for years.  Speech errors often persist into adulthood 

as residual articulation errors (McLeod & Baker, 2017).   

Incidence and Prevalence  
 

The prevalence of SSD in 4-year-old children is approximately 3.8% (Eadie et al., 2014). 

Six-year-olds present with comorbid SSD and LI at a rate of 14% (Shriberg et al., 1999), and the 

occurrence of RD with combined SSD and LI ranges between 1.6% to 8.1% (Pennington & 

Bishop, 2009). The isolated and comorbid SSD incidence rate suggests that children with SSD 

likely represent many early school-aged children’s speech referrals.  Most children diagnosed 
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with SSD exhibit a language-based disorder rather than a motor-based disorder (McLeod & 

Baker, 2017), and boys are more susceptible than girls to developing SSD (Shriberg et al., 1999). 

Children with SSD represent the largest percentage of a prekindergarten speech language 

pathologist’s (SLP) caseload (Mullen & Schooling, 2010). Interestingly, 75% of children 

diagnosed with SSD will completely recover by age 6 (Shriberg, 1994).   

There are numerous risk and protective factors associated with childhood SSD, and the 

presence of risk factors often indicates a child is at a heightened risk of developing SSD. 

Campbell et al. (2003) conducted a comprehensive study, including 639 children who were 3 

years old, to examine potential risk factors associated with a speech delay.  The study examined 

sex, maternal education, socioeconomic status (SES), family history of a speech or language 

delay, African American race, and persistent otitis media to determine potential contributing 

factors related to speech delays.  Findings revealed that risk factors associated with SSD were 

male sex, low maternal education, and a history of a developmental communication disorder.  

Race, SES, and OM were not reported as significant risk factors. McLeod and Baker (2017) 

identify female sex, sociable temperament, and no family history of speech-language delays as 

potential protective factors associated with a decreased likelihood of developing SSD.  Both risk 

and protective factors are relevant and should be considered when initiating the assessment 

process for SSD.  

Assessment 
 
 The implementation of in-depth and comprehensive communication assessment measures 

during the SSD evaluation process is paramount.  There is empirical data supporting comorbidity 

between SSD, LI, and RD (Pennington & Bishop, 2009), thus emphasizing the importance of 

screening all communication domains to prevent further language or literacy delays.  The 
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diagnostic process includes preassessment, assessment, and post-assessment tasks, and the time 

dedicated to each phase varies based on the setting and clinician (Skahan et al., 2007).  The 

preassessment phase involves collecting a case history, parent interview, and completing an 

observation.  A thorough analysis of a child’s case history, parent interview, and observation 

often provides a well-rounded understanding of a child’s current communication status and clues 

the clinician to areas of needed focus.  Administration of a hearing and visual screener is 

essential because impaired hearing or vision may lower assessment scores.  An oral mechanism 

evaluation assesses the integrity of the speech mechanism and oral-motor functioning, which 

applies to children with AD, as they may have impaired oral structures that need identifying 

(McLeod & Baker, 2017).  

Formal Assessment 

The diagnostic process also involves administering formal assessments to determine the 

status of a child’s phonological and articulation abilities.  The Goldman-Fristoe Test of 

Articulation—Third Edition (GFTA-3) (Goldman & Fristoe, 2015) is commonly used to assess a 

child’s articulation abilities, and it comprises three sections, including sounds-in-words (SIW), 

sounds-in-sentences (SIS), and stimulability. Furthermore, consonant production is assessed in 

the initial, medial, and final position of words. Consonant clusters are also commonly evaluated 

in the initial position of words.  If the clinician suspects a child has a PD, then the Khan-Lewis 

Phonological Analysis—Third Edition (KLPA-3) (Khan & Lewis, 2015) is often administered to 

supplement the GFTA-3. The KLPA-3 allows for a complete phonological analysis of the child's 

GFTA-3 responses by examining the developmental phonological and atypical processes.  The 

GFTA-3 and KLPA-3 are both norm-referenced tests; therefore, normative data is used to make 

comparisons and draw conclusions.  Standardized tests are indeed a vital component of the 
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assessment battery, but they should not be the sole determinant of typical-versus-disordered 

speech (Fabiano-Smith, 2019). 

Informal Assessment 
 

Although formal assessments provide quantitative measures that describe a child's 

phonological and articulation performance, it is essential to elicit speech-language samples (SLS) 

to gather a complete summation of overall communication status.  Indeed, Hoffman and Norris 

(2002) explain that a higher level of language organization can be examined through naturalistic 

communication interactions.  Clinicians often use naturalistic interactions, such as playtime to 

elicit SLS from young children.  Information regarding a child's expressive and receptive 

language status is often informally assessed through SLS.  Additionally, a child's comprehension 

and expression of phonology, morphology, semantics, syntax, and pragmatics are also assessed.  

Phonetic and phonemic inventories are collected from SLS just as voice and fluency are typically 

informally evaluated in SLS.  Children are often administered a literacy screening assessing one 

or more of the following areas: word reading, phonics, PA, reading comprehension, sentence 

writing, and story grammar (McLeod & Baker, 2017).  Formal assessments need to be 

administered if language or literacy impairments are suspected based on the SLS.  Post-

assessment tasks often include calculating intelligibility and severity, analyzing tests, and writing 

an evaluation report.  Level of intelligibility is an especially relevant measure, considering it 

often indicates if a child is eligible for speech services (Skahan et al., 2007).  Clinicians utilize 

assessment results to develop intervention goals and objectives, as well as to measure a child's 

progress throughout therapy. Furthermore, it is imperative to assure that all aspects of 

communication are adequately assessed to warrant a differential diagnosis and determine if a 

child is at risk of language or literacy delay.   
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Citation versus Connected Speech Sampling  
 

An analysis of professional literature dedicated to investigating SSD assessment tools 

reveals that children with SSD often demonstrate differing articulatory performance in citation 

and connected speech sampling measures. That is, speech sound errors are more prevalent during 

conversational speech than single-word tasks (DuBois & Bernthal, 1978; Healy & Madison, 

1987; Johnson et al., 1980; Klein & Liu-Shea, 2009). An investigation was undertaken by 

Johnson and colleagues (1980) to analyze the type and quantity of errors elicited during single 

word and conversational articulation testing. The study comprised 35 children with AD between 

the ages of 3 to 9 years. The Goldman Fristoe Test of Articulation (GFTA) (Goldman & Fristoe, 

1972) SIW and SIS subtests were administered, and results revealed that the SIS subtest 

evidenced significantly more articulatory errors than the SIW subtest. More specifically, 

phonemes produced accurately during citation sampling were frequently omitted in connected 

speech. This discovery aligns with Klein and Liu-Shea's (2009) findings, indicating that final 

consonants elicited during citation sampling were often deleted in conversational speech. 

Johnson et al. (1980) posited that the discrepancy between the production of phonemes in single 

word and connected speech tasks might result from increased articulatory planning and time 

allocations during single word tasks.  Moreover, Klein and Liu-Shea (2009) specified that a 

comprehensive phonological analysis requires the consideration of between-word simplification 

patterns. 

DuBois and Bernthal (1978) conducted a study to compare children’s articulatory 

competency in three types of sampling tasks, including a continuous speech task, a modeled 

continuous speech task, and a spontaneous picture naming task. Eighteen participants with AD 

between 4 to 6 years of age participated in the investigation. Statistical analyses indicated 
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significantly more articulatory errors in the continuous speech task than the other sampling 

measures, which is consistent with more recent research (Klein & Liu-Shea, 2009). Furthermore, 

the modeled continuous speech task also evidenced more misarticulations than the single word 

naming measure. Similar results, were reported by Healy and Madison (1987), upon completing 

an investigation that analyzed articulatory responses elicited by spontaneous citation and 

conversational speech sampling methods. The study consisted of 20 children between the ages of 

5 to 7 years, and participants were required to demonstrate at least three speech sound errors in 

conversational speech to meet the eligibility requirements. Data revealed that children produced 

significantly more misarticulations during spontaneous connected speech. Notably, articulatory 

errors produced during citation sampling were seldom corrected in conversational speech.   

 Although multiple investigators have concluded that connected speech samples provide a 

more comprehensive representation of children’s speech repertoire, some studies have noted 

contradictory evidence. Watson (1989), for example, investigated three sampling measures for 

eliciting phonological processes in eight children with AD. The study employed citation 

sampling, imitated sentences, and continuous speech sampling measures. Findings showed that 

participants' production of phonological processes was relatively consistent across the three 

sampling methods. Furthermore, a recent investigation was undertaken by Yeh and Liu (2021) to 

compare single word and connected speech sampling measures in preschool children with SSD. 

Notably, typically developing peers were included for comparative purposes, and Mandarin was 

the children’s primary language.  Results revealed no significant difference between the 

phonological patterns elicited in the sampling methods, which is in accord with Watson (1989). 

However, data also indicated that citation samples were better at identifying significant 

differences regarding speech accuracy, phonemic inventory, and intelligibility between children 
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with SSD and controls. Masterson et al. (2005) also noted that speech accuracy was higher in 

connected speech than single word samples.  

 In sum, SLPs utilize various elicitation techniques to obtain samples representative of 

children’s articulatory abilities, especially in connected speech. Peer-reviewed evidence supports 

that connected speech samples are more informative than single word samples (DuBois & 

Bernthal, 1978; Healy & Madison, 1987; Johnson et al., 1980; Klein & Liu-Shea, 2009), except 

for Yeh and Liu (2021). A recent survey of 844 SLPs revealed that approximately 90% of 

school-based SLPs complete a speech sample during the SSD diagnostic process (Farquharson & 

Tambyraja, 2019). This statistic suggests that most SLPs consider conversational speech when 

determining a child’s eligibility for services.  More research is needed to further specify the 

advantages and disadvantages between citation and connected speech sampling methods.  

Language and Literacy Relationship  
 
Phonological Representations  
 

There is considerable empirical evidence supporting the prevalence of comorbidity 

among SSD, LI, and RD. An analysis of peer-reviewed evidence is necessary to determine the 

intricate relationships amongst proclaimed comorbidities. Approximately 21% of 4-year-old 

children diagnosed with SSD will subsequently develop a comorbid RD (Eadie et al., 2014), and 

the risk of developing literacy problems increases further when SSD is associated with a 

concurrent LI (Peterson et al., 2009). An overarching commonality associated with SSD, LI, and 

RD is difficulty developing phonological representations, which involves storing phonological 

information about words into long-term memory (Sutherland & Gillon, 2005). Phonological 

representations are classified as either holistic or segmental. Holistic phonological 

representations are words stored as single units, whereas segmental phonological representations 
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are words divided into subunits that can be consciously manipulated. Metsala and Ehri (1998) 

hypothesized that an infant's words are initially stored as whole units; however, words become 

stored into smaller units as a child's vocabulary develops. Furthermore, as children's 

phonological representations become segmented, this enables them to complete PA tasks. PA is 

the ability to detect and manipulate sounds of one's oral language (Anthony et al., 2011) and is 

often assessed with tasks involving syllables, rhyming, and alliteration. Completing PA tasks 

requires children to be aware that words consist of smaller units (Rvachew & Grawburg, 2006), 

thus necessitating the storage of segmental phonological representations.  

Multiple Cognitive Deficit Model 
  

 Collectively, evidence supports that children with SSD and RD have deficient 

phonological representations; however, research reveals that all children with SSD do not exhibit 

a concurrent RD (Bishop and Adams, 1990; Catts, 1993; Nathan et al., 2004), suggesting 

inadequate phonological representations are not the sole contributing factor to the comorbidity of 

SSD and RD. The multiple deficit model (Pennington, 2006) attempts to delineate the intricate 

relationship between SSD and RD by acknowledging that the etiology of developmental 

disorders extends beyond one specific deficit. Furthermore, the multiple deficit model proposes 

that “the comorbidity [between SSD and RD] results from a shared cognitive deficit (in 

phonological representations), which interacts with other non-shared cognitive deficits to 

produce symptoms that distinguish the two disorders” (Pennington, 2006, p. 399). Children with 

SSD may or may not exhibit the necessary coexisting cognitive deficits that contribute to literacy 

difficulties, thus explaining why this population can present with or without a comorbid RD.  

Peterson et al. (2009) conducted a longitudinal study to investigate the validity of the 

multiple cognitive deficit model. The study comprised 123 children between the ages of 7 to 9, 
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and participants were categorized based on confirmation of a childhood SSD diagnosis. Eighty-

six children had a history of childhood SSD, and 37 had no speech or LI history. Each participant 

was evaluated by utilizing predictors of later literacy achievement and other cognitive measures. 

Specifically, the Comprehensive Test of Phonological Processing (CTOPP) (Wagner et al., 

1999) elision, blending words, and sound matching tasks were used to assess PA. A rhyming task 

was also administered, and an auditory conceptualization task replaced the sound matching 

subtest during the second testing administration. Findings from an earlier study conducted by 

Raitano et al. (2004), consisting of the same participants between the ages of 5 to 6, were used 

for comparative purposes. It is noteworthy that Raitano et al.’s (2004) sample comprised four 

subgroups, including normalized SSD without LI, persistent SSD without LI, normalized SSD 

with LI, and persistent SSD with LI. Pre-literacy measures were used to assess the four SSD 

subgroups. An analysis of the findings from both studies revealed that children with a history of 

SSD might be more inclined to demonstrate reading difficulties relative to typically developing 

peers.  

Additionally, Peterson et al. (2009) found that compared to a model with PA as the only 

predictor of literacy achievement in the children with SSD, models including PA, syntax, and 

nonverbal IQ yielded substantially more variance. This discovery aligns with the multiple 

cognitive deficit model, as it suggests a child’s phonological deficit is accompanied by additional 

cognitive deficiencies, contributing to the development of a concurrent SSD and RD. 

Interestingly, Peterson et al. (2009) reported a history of concomitant SSD and LI as the 

strongest predictor of later reading difficulties, signifying a potential link between SSD and LI in 

determining a child’s likelihood of developing RD.  
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Isolated SSD versus Concomitant LI  
 

The extant literature describing the projected literacy outcomes of children with SSD is 

somewhat ambiguous. Furthermore, numerous studies indicate that the risk of demonstrating 

literacy deficits is highly contingent upon whether SSD is concurrent with LI. Lewis et al. 

(2000), for instance, conducted a longitudinal study to determine if the presence of a comorbid 

LI contributed to increased reading difficulties in children with an expressive PD. Fifty-two 

children, ages 4 to 6 years, were identified with a moderate to severe expressive PD. In the third 

and fourth grades, the children took part in a follow-up study and were categorized based on the 

presence of a comorbid LI. There were 28 children with an isolated PD and 24 with an 

expressive PD with LI. Follow-up measures included articulation, phonological processing, 

language, reading, spelling, and family history data. The PA component of phonological 

processing was assessed with an elision and a sound analysis task. A sound blending task was 

included to assess phonemic awareness. Statistical analyses revealed that children with a 

concurrent LI were at greater risk for future reading challenges than those with an isolated 

expressive PD. Sices et al.’s (2007) findings for 125 children with moderate-to-severe SSD 

between 3-6 years of age were in accordance, and results showed that children with comorbid 

SSD and LI were at heightened risk for pre-literacy deficits.  

Moreover, empirical studies indicate concurrent SSD and LI places children at substantial 

risk for delayed reading acquisition; however, research suggesting children with isolated SSD are 

subject to potential literacy deficits should not be overlooked. Bird and colleagues (1995) 

followed a sample of boys during three separate occasions at mean ages of 5.10, 6.7, and 7.7 

years. The study comprised three groups, including 18 participants identified with an isolated 

expressive PD, 13 children with an expressive PD and comorbid LI, and a control group 
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individually matched on age and nonverbal ability. PA was assessed at three time points, 

whereas literacy skills were only evaluated during the second and third testing administrations. 

Furthermore, PA was evaluated with tasks, including rime matching, onset matching, and onset 

segmentation and matching. Literacy measures comprised letter/sound identification, real word 

reading/spelling, and nonword reading/spelling. Results showed that children with an expressive 

PD performed more poorly on PA and reading tasks, independent of language status. Similar 

findings of significantly decreased performance on the same PA measures were found by 

Rvachew et al. (2003) when investigating the PA skills of children with severely delayed 

expressive phonological skills but age-appropriate receptive language skills.  

An analysis of literature investigating the literacy outcomes of children with isolated SSD 

versus comorbid SSD and LI reveals that children with isolated SSD are at risk for literacy 

deficits (Anthony et al., 2011; Bird et al., 1995; Raitano et al., 2004; Rvachew et al., 2003); 

however, those with concurrent SSD and LI are at even greater risk for academic consequences 

precipitated by reading deficits (Lewis et al., 2000; Peterson et al., 2009; Raitano et al., 2004; 

Sices et al., 2007). These findings are certainly of clinical relevance, as they underscore the 

importance of SLPs being cognizant of the SSD population’s predisposition to demonstrating 

reading deficits. Furthermore, the SSD diagnostic evaluation must encompass all communication 

domains to identify any potential co-occurring deficits. Implementation of emergent literacy 

tasks to the SSD treatment regimen, regardless of a child’s language status, is crucial to 

preventing the onset of delayed literacy acquisition.  

Phonological Awareness 
 

PA is the ability to analyze the internal sound structure of words auditorily and is 

concerned with larger units than the individual phoneme. Furthermore, PA is a metalinguistic 
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skill that develops during the preschool and early elementary years and influences other abilities 

throughout an individual’s development (Anthony & Francis, 2005). Tasks involving PA are 

often placed on a continuum of increasing complexity, including rhyming, sentence 

segmentation, syllable segmentation and blending, and onset-rime blending and segmentation 

(Chard & Dickson, 1999). Maturation and development of rudimentary PA skills increase 

children’s awareness of sounds, thus promoting successful completion of PA tasks concerning 

the individual phoneme. Phonemic awareness, a form of PA, is the ability to manipulate the 

individual sounds of a language auditorily (Anthony & Francis, 2005). Children must perceive 

sounds as individual units to complete phonemic awareness tasks such as blending and 

segmenting the single phonemes that constitute words. Phonemic awareness also encompasses 

activities such as deleting, adding, substituting, and transposing individual phonemes.   

The development of age-appropriate PA abilities is paramount to a child’s literacy 

acquisition, and phonemic awareness is highly indicative of later reading achievement in the 

early school-age population (Hulme et al., 2002). Furthermore, impoverished phoneme 

awareness often portends a child will be at risk for delayed reading acquisition. Mounting 

evidence suggests that children with SSD demonstrate poor PA skills relative to typically 

developing peers (Anthony et al., 2011; Cowan et al., 1997; Raitano et al., 2004). An analysis of 

peer-reviewed SSD research is necessary to identify the contributing factors associated with 

deficient PA abilities and the long-term impact of poor speech sound awareness on reading 

achievement.   

Speech Perception and Receptive Vocabulary  
 

Professional literature is dedicated to investigating the probable predictors of poor PA 

abilities in the SSD population (Benway et al., 2021; Mortimer & Rvachew, 2008; Rvachew, 
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2006; Rvachew & Grawburg, 2006), as identification of these predictors will facilitate the 

implementation of preventive measures to reduce the prevalence of PA deficits. Rvachew and 

Grawburg (2006) conducted a longitudinal study to identify significant predictors of PA in pre-

kindergartners with SSD and to determine if any variables remained predictors at the end of 

kindergarten. The first segment of the study consisted of 95 prekindergarten children between 4 

to 5 years of age.  Linear structure equation modeling was used to specify the relationships 

between the following variables: speech perception, articulation, receptive vocabulary, and 

emergent literacy. In particular, prekindergarten and kindergarten PA proficiency was evaluated 

with tasks, including rime awareness, onset awareness, and onset segmentation. Results revealed 

that speech perception and receptive vocabulary were significant predictors of PA performance, 

and articulation proficiency did not directly impact PA. Speech perception had a direct effect on 

PA and an indirect effect that was mediated by receptive vocabulary size. Expectedly, PA was 

identified as a significant predictor of emergent literacy skills.  

The second segment of the investigation was completed at the end of kindergarten, and 

47 children between 5-6 years of age took part in the follow-up study. Rvachew’s (2006) results 

indicated that prekindergarten measures of speech perception and receptive vocabulary were 

associated with PA performance during kindergarten. Benways et al.'s (2021) findings were 

primarily in agreement for children between 7 to 17 years of age who exhibited residual speech 

sound errors. Statistical analyses showed that speech perception and receptive vocabulary size 

were significant predictors of school-age children’s PA skills. However, vocabulary was not a 

significant mediator between perceptual speech acuity and PA. These findings highlight the 

integral role of speech perception and receptive vocabulary in influencing children’s PA abilities, 
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suggesting it may be efficacious to supplement SSD interventions with tasks promoting 

perceptual speech acuity and vocabulary skills.   

Articulatory Proficiency  
 

Rvachew (2006) concluded that articulatory proficiency was not a significant predictor of 

PA performance in prekindergarten or kindergarten; this finding is surprising considering there is 

a documented relationship between speech sound abilities and PA. Webster and Plante (1992a), 

for example, conducted a study to examine the relationship between speech sound abilities and 

PA. Twenty-two children, ages 6.5 to 8.6 years, participated in the first segment of the study. 

Eleven children with a moderate to severe PD were individually matched for mental age, with 11 

typically developing peers without SSD. The children’s PA skills were assessed with the 

following tasks: sentence-word segmentation and word-syllable segmentation. Pseudoword 

segmentation and word-phoneme segmentation tasks were used to evaluate phonemic awareness. 

Statistical analyses revealed that controls performed significantly higher than those with a PD on 

pseudoword, sentence-word, and word-phoneme segmentation tasks. Webster and Plante (1992b) 

completed another study to examine variables that may relate to speech sound abilities among 

young children, including rhyme awareness and alliteration. Thirty children, whose mean age 

was 3.6 years, took part in the study. Fifteen children with a PD were individually matched for 

mental age and gender, with 15 typically developing children without SSD. Moreover, findings 

revealed a moderate correlation between speech intelligibility and PA abilities. The 

phonologically impaired group performed significantly worse on measures of rhyme awareness, 

and a significant difference between groups was not observed on alliteration tasks. The type of 

SSD represented in each sample may have contributed to the disparate findings between 

Rvachew (2006) and Webster and Plante (1992 a, b).   
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Although Rvachew (2006) found prekindergarten articulatory accuracy was unrelated to 

PA performance, a variable explaining variance in kindergarten articulation skills was identified. 

Prekindergarten speech perception measures explained variance and improvement in 

kindergarten articulation proficiency for the SSD group. Prekindergarten speech perception 

abilities affected PA and articulation performance in kindergarten. This discovery underscores a 

profound treatment implication for SLPs serving young children. Clinicians may consider 

implementing perceptual speech acuity tasks in SSD treatment plans to simultaneously foster 

articulatory and PA skills, thus improving speech intelligibility while preventing the potential 

onset of a comorbid RD.     

Speech Error Type 
 

The percentage of consonants correct (PCC) or a standardized articulation score is 

commonly used to determine a child’s articulatory proficiency, especially when investigating the 

relationship between speech sound abilities and PA performance. Furthermore, accumulating 

research has elucidated this relationship by examining more specified articulation measures, as 

children’s speech sound errors are dissociable. Articulation errors are categorized as either 

motorically or linguistically based, and then errors are classified as developmental or non-

developmental. Numerous researchers have been interested in investigating the relationship 

between the type of speech sound error and PA (Brosseau-Lapre & Roepke, 2019; Preston 

Edwards, 2010; Preston et al. 2013; Leitao et al. 1997; Leitao & Fletcher, 2004), as identification 

of a specific error pattern associated with deficient PA abilities may facilitate earlier 

identification of children at risk for delayed reading acquisition.    

Preston and Edwards (2010) conducted a longitudinal investigation to examine the 

relationship between speech sound errors and PA performance. Speech errors were classified as 
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either a distortion, a typical error, or an atypical error, and it was premised that speech errors 

reflect a child's overall phonological representations. This study examined 43 preschoolers 

diagnosed with SSD who were 4 to 5 years of age. Assessments were administered to evaluate 

articulation, receptive vocabulary, and PA. Specifically, PA was assessed with the following 

tasks: rhyme matching, onset segmentation and matching, onset matching, and blending. Results 

revealed that distortions and typical errors were not correlated with PA skills, suggesting errors 

were not indicative of poorly specified phonological representations. However, atypical errors, 

such as initial consonant deletion and backing, had a significant variance in PA beyond the 

variance explained by vocabulary and age. Researchers attributed atypical productions to weaker 

phonological representations.  

Preston et al. (2013) completed the second segment of the study approximately 3.5 years 

after the initial assessments were administered, and 25 children between 5 to 6 years old took 

part in the follow-up study. The participants’ preschool speech error types were used to predict 

later articulatory abilities, PA, and literacy outcomes. The CTOPP (Wagner et al., 1999) elision 

and blending subtests were used to evaluate PA abilities. Statistical analyses indicated that 

atypical preschool speech errors were associated with decreased performance on school-age PA 

and literacy tasks. Similar findings, were reported by Leitao and Fletcher (2004), upon 

completing a longitudinal study analyzing the long-term effect of speech error types on PA and 

literacy skills. Results revealed that atypical error patterns in primary school were correlated with 

decreased PA, reading accuracy, spelling, and reading comprehension when participants were 12 

to 13 years old. These studies suggest that the production of non-developmental speech errors is 

associated with long-term academic challenges. Moreover, imprecise phonological 

representations likely contribute to the atypical speech errors, difficulties with phonological 
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processing, and reading issues demonstrated by this subgroup of children with SSD (Leitao & 

Fletcher, 2004).   

A recent investigation was undertaken by Brosseau-Lapre and Roepke (2019) to examine 

the putative relationship between speech error type and PA. Forty children, ages 4 to 5.9 years 

old, participated in the study. Twenty participants were identified with SSD, and 20 were 

classified with typical speech and language abilities. Children with concurrent LI were not 

excluded from the SSD group. The participants’ consonant productions were labeled as either 

correct, an omission, a substitution, or a distortion error, and the errors were classified as either 

typical or atypical. The Comprehensive Test of Phonological Processing- Second Edition 

(CTOPP-2; Wagner et al., 2013) elision, blending words, and sound matching skills tasks were 

used to assess PA skills.  Consistent with previous literature, atypical errors were correlated with 

weakened PA skills; however, a more in-depth analysis revealed that omissions predicted 

significant variance in PA when receptive language abilities, age, and receptive vocabulary were 

controlled. Interestingly, Macrae and Tyler (2014) conducted a study of a similar methodology to 

compare the speech error patterns of children with isolated SSD to those with comorbid SSD and 

LI. Participants included 28 children, 13 with isolated SSD and 15 with co-occurring SSD and 

LI, ages 3.6 to 5.5 years old. Results revealed that children with co-occurring SSD and LI 

produced significantly more omissions and fewer distortions than those with an isolated SSD. 

Substitution, typical, and atypical errors did not account for significant variance between the two 

groups. An analysis of studies’ findings suggests that atypical speech errors are produced by 

those with isolated SSD and SSD with concurrent LI; however, the percentage of omissions 

produced may be a potential distinguishing factor between the two subgroups with SSD 

(Brosseau-Lapre & Roepke, 2019; Macrae & Tyler 2014).  
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A literature review suggests that PCC or a standardized articulation score may not 

adequately predict a child’s PA performance (Preston & Edwards, 2010), suggesting a more in-

depth error pattern analysis is warranted. Moreover, atypical speech error production is 

correlated with long-term PA deficits, signifying the importance of completing an error pattern 

analysis during the SSD diagnostic process. Inadequate phonological representations are a 

proposed contributor to the speech sound errors and PA difficulties exhibited by some children 

with SSD. More specifically, atypical errors are associated with weakened or imprecise 

phonological representations (Preston & Edwards, 2010), whereas omissions result from absent 

phonological representations (Macrae & Tyler, 2014). Researchers postulate that children with 

atypical productions are at higher risk of developing RD than children producing typical errors 

(Foy & Mann, 2011). These findings are indeed pertinent to children demonstrating atypical 

error productions because weakened PA performance is associated with delayed literacy 

achievement; therefore, clinicians should consider implementing rudimentary PA tasks to foster 

literacy and vocabulary development, as well as to prevent the potential development of a 

comorbid SSD and RD.  

Rapid Automatized Naming  
 
 Rapid automatized naming tasks (RAN) are commonly administered to assess 

phonological retrieval, which refers to an individual’s ability to recall phonemes associated with 

specific graphemes (Wagner and Torgersen, 1987). RAN assessments are alphanumeric or non-

alphanumeric in nature. Alphanumeric naming tasks comprise symbolic stimuli comprising 

letters or numbers, whereas non-alphanumeric tasks include non-symbolic stimuli, such as colors 

and objects. Non-alphanumeric tasks are often used to evaluate pre-readers’ phonological access 

abilities, as mastery of letter and number knowledge is still developing. The successful 
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completion of rapid naming tasks requires children to identify symbolic or non-symbolic stimuli 

represented in a grid format as rapidly as possible. The research proposes that speeded naming 

involves accessing phonological representations from long-term memory (Wagner & Torgersen, 

1987), and the preciseness of these representations impacts the efficiency of item retrieval 

(Anthony et al., 2011). Various underlying cognitive mechanisms, including language, attention, 

visual/perceptual reasoning, and memory retrieval, are identified predictors of RAN performance 

across children’s development (Decker et al., 2013), indicating speeded naming is also 

influenced by non-phonological cognitive factors. Phonological retrieval is considered a 

cognitive construct classified as a phonological processing component.   

"Phonological processing refers to the use of the sounds of one's language in processing 

written and oral language" (Wagner & Torgesen, 1987, p. 192) and is divided into three 

categories, including PA, phonological retrieval, and phonological working memory. Measures 

of phonological processing are often examined during the diagnostic process, as all components 

are related and contribute to literacy acquisition. A substantial body of evidence indicates that 

PA and RAN are interrelated constructs (Bowers 1995; Wagner & Torgersen, 1987). To that end, 

phonemic awareness is a precursor to literacy acquisition and is most strongly related to reading 

(Hulme et al., 2002), while phonological retrieval measures predict reading abilities independent 

from PA (Furnes & Samuelsson, 2011; Manis et al., 2000; Powell & Atkinson, 2021).    

The Double-Deficit Hypothesis  
 

Wagner and Torgesen (1987) proposed that PA and phonological retrieval are 

components of phonological processing, suggesting PA and RAN tasks are highly related and 

exclusively phonological in nature. Conversely, other investigators contended that different 

cognitive mechanisms underlie these two constructs, as cumulative studies have demonstrated 
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only a modest correlation between PA and RAN (Cronin, 2013; Georgiou et al., 2008; Kirby et 

al., 2003; Manis et al., 2000; Wolf & Bowers, 1999). The extant literature has investigated the 

specific reading-related deficits exhibited by children with dyslexia or a developmental RD 

(Cronin, 2013; Katzir et al., 2008; Kirby et al., 2003; Wolf et al., 2002), and the analyses reveal 

that the presentation of dyslexia could be variable. This discovery aligns with Wolf and Bowers’ 

(1999) double-deficit hypothesis (DDH), which postulates that children with dyslexia exhibit a 

single or double deficit meaning that those with dyslexia could be categorized into three 

subgroups: a combined PA and RAN deficit, a single PA deficit, or a single RAN deficit. The 

researchers specified that children with a double deficit diagnosis demonstrate more severe 

reading dysfunction than those with a single deficit. Wolf and Bowers (1999) also argued that 

phonological processing is not the sole contributing factor to the completion of RAN tasks, 

indicating that additional cognitive mechanisms are involved. More specifically, Catts et al. 

(2002) and Wolf et al. (2000) posited that a timing deficit might contribute to reading challenges 

beyond phonological processing.  An analysis of empirical research is necessary to specify the 

applicability of the DDH to children with dyslexia and to corroborate the presumed achievement 

gap among the reading subgroups.    

Cronin (2013) conducted a longitudinal investigation to examine the DDH by analyzing 

children’s reading advancement in kindergarten through fifth grade. The study comprised 130 

children, including 63 boys and 67 girls; however, only 84 participants remained by fifth grade. 

Receptive vocabulary was assessed once during the spring semester of preschool; PA and RAN 

assessments were administered in preschool and kindergarten. Two non-alphanumeric naming 

tasks were used to assess phonological retrieval; PA was evaluated with a rhyming task, and an 

end-sound discrimination that task specifically assessed phonemic awareness. However, a single 
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score was used to represent the children’s performance on the PA and phonemic awareness tasks. 

Participants were then divided into four subgroups, including those with no deficit, a combined 

PA and RAN deficit, a single PA deficit, or a single RAN deficit. Measures of word attack, word 

reading, and passage comprehension were obtained in preschool through fifth grade. 

Furthermore, data indicated that RAN and PA offered similar predictive values for word attack 

and word reading performance throughout elementary school. Wolf and Bowers’ (1999) DDH 

was supported in that three distinct deficit groups were identified, and children with a double 

deficit demonstrated less reading proficiency than the single deficit subgroups. Notably, the 

double deficit and single deficit subgroups’ preschool and kindergarten PA and RAN scores did 

not differ statistically. Cronin (2013) postulated that individuals with a single deficit in PA or 

speeded naming may use compensatory strategies to offset the weakened-skill area, thus 

explaining why the single deficit groups achieved greater reading outcomes.  

Wolf et al. (2002) completed a similar analysis to investigate the DDH and specify PA 

and RAN's predictive value for word attack, word reading, and passage comprehension 

measures. The study comprised 144 profoundly impaired second and third-grade readers. It is 

noteworthy that variables such as SES, IQ, and age were controlled to obviate confounding 

results. Specifically, an alphanumeric naming task was used to assess phonological access, and 

PA was evaluated with the blending and elision subtests from the CTOPP (Wagner et al., 1999). 

The investigators identified four reader subgroups, including those with no deficit, a combined 

PA and RAN deficit, a single RAN deficit, or a single PA deficit. Participants classified with a 

double deficit showed decreased performance on all reading measures relative to the other 

subgroups, which is commensurate with peer-reviewed research (Katzir et al., 2008; Kirby et al., 

2003; Lovett et al.,2000). This finding exemplifies that elementary-age children with 
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concomitant RAN and PA deficits are at risk for exhibiting a cascade of reading difficulties. A 

mild correlation between PA and speeded naming abilities was detected. However, contradictory 

to Cronin (2013), the present study found PA and RAN to predict unique variance in all literacy 

measures independently. PA was more predictive of word attack, whereas RAN was more telling 

of word reading abilities. This discovery suggests that the two constructs are related but affect 

specific literacy outcomes independently. The relationship between PA and RAN must be 

investigated further to quantify the strength of the correlation and to delineate the differential 

predictive values of the two constructs.  

Relationship with Phonological Awareness  
 

Researchers have been continuously exploring the association between PA and RAN 

(Bowers, 1995; Furnes & Samuelsson, 2011; Georgiou et al., 2008; Kirby et al., 2003; Manis et 

al., 2000; Powell & Atkinson, 2021) to elucidate how each construct uniquely contributes to 

literacy development. Kirby et al. (2003) conducted a large-scale investigation to examine the 

correlation between PA and RAN and establish the two constructs’ prognostic value concerning 

elementary-age children’s reading achievement. The study comprised 161 kindergarteners, and 

participants were retested annually until fifth grade. It is noteworthy that a gradual reduction in 

total sample size was observed throughout the 6-year investigation. PA measures assessed 

blending onset and rime, blending phonemes, phoneme elision, and sound isolation.  RAN 

assessments evaluated non-symbolic stimuli, including colors and pictures. Statistical analyses 

revealed a moderate correlation between the two constructs, and kindergarten measures of RAN 

and PA had differing levels of predictive value depending on the grade level. More specifically, 

PA was a greater predictor of reading achievement in earlier grades, while RAN was more telling 

of later grade literacy performance. It was postulated that children in earlier grades, such as 
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kindergarten and first, are more dependent on phonetic decoding; however, older children rely on 

orthographic knowledge (Kirby et al., 2003), thus potentially explaining why RAN and PA 

provide differing reading mastery prognoses as children progress through elementary school. 

Interestingly, additional researchers have reported congruent findings and used a similar 

rationale to interpret results.    

 Georgiou et al. (2008) completed an analysis to examine how RAN correlated with 

measures, including PA, orthographic knowledge, and processing speed. The study followed 62 

children from the end of first through third grade. Alphanumeric and non-alphanumeric RAN 

tasks were used to assess phonological access, and an elision task from the CTOPP (Wagner et 

al., 1999) was administered to evaluate PA. Data indicated a moderate correlation between RAN 

and PA in the first grade, yet a weak correlation in the second and third grades. Furthermore, the 

relationship between RAN and orthographic knowledge increased over time, whereas the 

correlation between RAN and PA decreased. More evidence regarding the association between 

PA, RAN, and orthographic knowledge can be drawn from Manis et al.'s (2000) analysis of 85-

second graders. Indeed, a mild-to-moderate correlation was established between varying PA and 

RAN measures, and RAN tasks contributed to unique variance independent from PA. Letter 

naming speed accounted for twice as much variance in orthographic skill as the two PA 

measures, agreeing with Bowers and Wolf’s (1993) theory proposing that speeded naming and 

orthographic processing are highly related constructs. Another salient finding revealed that the 

poorest readers demonstrated the slowest RAN times, which is well documented in the literature 

(Bowers 1995; Catts et al., 2002; Wolf 1986).   

Bowers (1995) conducted a longitudinal study to investigate the long-term predictive 

value of RAN, PA, vocabulary, memory span, and coding speed in elementary-age children’s 
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reading achievement. The study followed children from second through fourth grade, and 

participants were categorized based on overall reading proficiency. Twenty-five participants 

were identified as poor readers and 21 as average readers. However, the final sample only 

included 38 participants, as some children could no longer participate in research. The poor 

reader group was further divided into two groups, including moderately poor readers and poor 

readers. Specifically, phonological retrieval was assessed with alphanumeric naming tasks. A 

“which word doesn’t belong” task evaluated PA skills, and a phoneme deletion task was used to 

specifically assess phonemic awareness.  Findings revealed that RAN, PA and phonemic 

awareness, and vocabulary knowledge differentiated the three reader groups. In addition, 

performance on RAN tasks distinguished fourth-grade students classified as poor readers from 

the other two reader groups in all grade levels. Similar findings regarding RAN’s unique 

association with poor readers were reported upon McBride-Chang and Manis’ (1996) discovery 

that speeded naming was strongly associated with significantly disabled readers but not good 

readers. Together, these findings indicate that RAN may be an adequate predictor of profound 

reading deficits, suggesting it would be advantageous to administer RAN screeners to identify 

early school-age children at risk of severe reading dysfunction.      

A large body of evidence proposes that RAN and PA provide pertinent insight 

concerning children’s specific literacy abilities. For instance, Powell and Atkinson (2021) 

recently investigated PA and RAN’s prognostic value for measures of accuracy and fluency in 

nonword, exception word, and word reading tasks. The study examined 91 children on three 

separate occasions at mean ages of 3.83, 5.25, and 6.08 years. Attrition contributed to a decrease 

in sample size during the investigation, and initial testing occurred prior to the onset of reading 

acquisition. Non-symbolic RAN tasks were utilized at all time points to evaluate phonological 
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retrieval proficiency; rhyme detection and word completion items were administered to assess 

PA abilities during initial testing. Various subtests from the CTOPP-2 (Wagner et al., 2013)  

evaluated PA during the second and third testing administration. An analysis revealed that RAN 

and PA demonstrated a moderate correlation throughout the investigation. Data indicated PA 

was associated with nonword reading accuracy but was not predictive of exception word reading 

accuracy or nonword or word-reading fluency. RAN was associated with exception word reading 

accuracy but not nonword reading accuracy. However, RAN was predictive of nonword and 

word-reading fluency. Previous studies have converged on the same conclusion that RAN is 

more closely associated with reading fluency, whereas PA is more strongly related to nonword 

reading accuracy (Pennington et al., 2001; Sunseth & Bowers, 2002). To that end, it seems 

prudent to suggest that PA and RAN share a common phonological processing component 

(Wagner and Torgerson, 1987); however, additional cognitive mechanisms may contribute to 

RAN proficiency (Wolf et al., 2000). Taken together, this possibly explains why PA and RAN 

are individually predictive of various aspects of reading (Powell & Atkinson, 2021).        

Relationship with Speech Sound Abilities  
 

Although the extant literature supports a well-established relationship between PA and 

RAN, research yields mixed findings concerning the correlation between RAN and speech sound 

abilities. Some investigators have identified an association between RAN and speech sound 

production (Leitao et al., 1997; Preston, 2008), whereas others have failed to specify a significant 

link between the two variables (Raitano et al., 2004; Tambyraja et al., 2020). Raitano et al. 

(2004) conducted a study to determine how the persistence of SSD and a concomitant LI related 

to children’s emergent literacy skills. The investigation comprised 142 participants between 5 to 

6 years of age and comprised five sample groups, including normalized SSD without LI, 
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persistent SSD without LI, normalized SSD with LI, persistent SSD with LI, and typically 

developing children without SSD or LI. Preliteracy measures encompassed tasks evaluating PA, 

letter knowledge, and RAN performance. Specifically, non-alphanumeric RAN tasks assessed 

participants’ phonological access abilities. A rhyming task and the elision, blending words, and 

sound matching tasks from the CTOPP-2 (Wagner et al., 2013) were administered to evaluate 

PA. Data indicated that speech sound errors and LI status persistence significantly impacted PA 

performance, even when nonverbal intelligence was covaried. Statistical analyses also revealed 

that all participants with SSD showed decreased performance on PA and letter knowledge tasks; 

however, RAN proficiency failed to differentiate children with SSD from controls. Interestingly, 

additional researchers have reported dissimilar findings concerning RAN’s relationship with 

SSD.   

For instance, Leitao et al. (1997) aimed to explore the phonological processing abilities 

of children with speech and LIs. Eighty children who were approximately 6 years of age took 

part in the investigation. The participants were divided into four sample groups: isolated SSD, 

SSD with comorbid LI, isolated LI, and typically developing peers without SSD or LI. 

Phonological processing proficiency was examined to identify which subgroup of children 

showed the most profound deficits. PA was evaluated with tasks assessing phoneme 

segmentation and blending, phoneme elision, and invented spelling. Symbolic and non-symbolic 

RAN stimuli were utilized to assess phonological retrieval, whereas phonological memory was 

evaluated with a multisyllabic word repetition task. A significant difference was observed 

between the isolated SSD and SSD with comorbid LI groups on phonological processing 

measures. Participants classified with concomitant SSD and LI exhibited more severe 

phonological processing deficits. However, the isolated SSD and LI groups did not significantly 
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differ in performance. Findings also revealed that speeded naming differentiated controls from 

the other three sample groups; the control group required less time to complete RAN tasks, 

which is commensurate with literature examining poor and average readers (Catts et al., 2002; 

McBride-Chang & Manis, 1996). Notably, non-alphanumeric RAN tasks reached statistical 

significance; however, alphanumeric naming tasks better distinguished controls from other 

groups. This finding suggests it may be more efficacious to administer symbolic RAN tasks 

when assessing children with letter and number knowledge.    

Researchers have also been interested in identifying RAN’s predictive value concerning 

the literacy achievement of individuals with SSD, as identification would likely affect the SSD 

diagnostic process. For example, Sices et al. (2007) explored the relationship between preschool 

children’s emergent literacy skills and reading and writing readiness. One hundred and twenty-

five participants, ages 3 to 6 years with moderate-to-severe SSD, participated in the 

investigation. There were 66 children with concurrent SSD and LI and 59 with an isolated SSD 

without LI. The study employed various measures of phonological processing, speech, and 

language to predict reading and writing outcomes. Statistical analyses revealed that grammar and 

word knowledge indicated children’s emergent literacy and writing abilities. Conversely, 

speeded color naming, articulatory proficiency, and narrative skills were not identified as 

significant predictors. An additional aim of the investigation was to determine if SSD severity 

and language status impacted reading and writing readiness. Data indicated that the presence of a 

comorbid LI influenced reading and writing skills; however, the severity of SSD did not 

demonstrate a statistically significant effect. This is consistent with Lewis et al.’s (2000) findings 

concerning children with SSD between 4 and 6 years of age, which revealed that a concurrent LI 

rather than the severity of SSD influenced reading proficiency.   
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A recent investigation was undertaken by Tambyraja and colleagues (2020) to examine if 

children with SSD exhibited a concomitant RD at the beginning of the academic term and, if so, 

what percentage of those children continued to demonstrate reading difficulties at the end of the 

school year. The study comprised 120 participants who were in kindergarten through second 

grade. Notably, 78 children were classified with concurrent SSD and LI, and all participants 

were enrolled in school-based speech-language therapy services throughout the investigation. 

RAN, PA, and PCC were individually examined to specify which constructs were related to the 

initial risk of RD. A pseudoword decoding measure was utilized to establish the participants’ RD 

risk status. Moreover, a nonalphanumeric task was used to evaluate phonological retrieval, and 

PA was assessed with a deletion task. Statistical analyses indicated that PA and PCC 

significantly predicted pseudo-word decoding abilities; however, non-symbolic RAN task 

performance was not a significant predictor. Phonological retrieval was assessed with non-

alphanumeric stimuli, which may have adversely affected RAN’s predictive value of early 

literacy and writing outcomes. This postulation is supported by Compton (2003) and Georgiou et 

al. (2008), who identified alphanumeric RAN tasks as more predictive of literacy achievement 

than non-alphanumeric tasks. Tambyraja et al.’s (2020) most interesting finding revealed that 

approximately 1/3 of participants demonstrated RD risk at the start of the school year, and 2/3 

remained at risk for RD by the end of the academic term. This discovery underscores the 

prevalence of concomitant RD risk among the SSD population. This finding yields significant 

implications regarding clinicians’ initial assessment procedures and treatment plans. Children’s 

written language abilities should be considered during SSD evaluations, and it may be beneficial 

to incorporate literacy concepts into SSD treatments to preclude the onset of reading breakdown. 
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Phonological retrieval proficiency, often assessed via symbolic or non-symbolic RAN 

tasks, has been identified by some investigators as an adequate predictor of the SSD population’s 

literacy outcomes. For instance, Anthony et al. (2011) completed an analysis to better understand 

the relationship between phonological processing and SSD by examining 204 participants: 68 

children with SSD, 68 language-matched peers without SSD, and 68 typically developing peers. 

Elision and blending tasks from the Preschool Comprehensive Test of Phonological and Print 

Processing (PCTOPPP) (Lonigan et al., 2002) were used to assess PA, and RAN was evaluated 

with non-alphanumeric stimuli.  Expressive phonology, oral language, print awareness, the 

distinctiveness of phonological representations, and reading were also examined. Results showed 

that preschool-age children with SSD performed worse than typically developing children on all 

PA tasks. Weakened phonological representations explain decreased PA proficiency, and 

decreased vocabulary knowledge may directly contribute to imprecise phonological 

representations. Vocabulary has proven to be the most reliable language measure when 

predicting PA (Preston & Edwards, 2010), and vocabulary development is thought to contribute 

to the development of more precise phonological representations. Data revealed that children 

with SSD demonstrated slower phonological access to highly familiar words than typically 

developing peers on RAN tasks.  Weaknesses in accessing phonological representations and 

generalized motor slowing are plausible explanations for lower RAN scores. Lewis et al.’s 

(2011) findings in children with SSD between 4 and 6 years of age were in accordance with this 

interpretation, which indicates that difficulties with RAN may be associated with both early 

SSD, LI, and later spoken language skills.  

Interestingly, Pennington and Bishop (2009) suggest a relationship between rapid naming 

and the comorbidity of SSD, LI, and RD. The presence or absence of rapid naming deficits in 
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SSD and LI may relate to their comorbidity with later RD. There is a surprising shortage of 

investigations dedicated to specifically examining the long-term effects of weakened RAN 

performance in early school-aged children with SSD. Considering the comorbidity of SSD and 

RD (Pennington & Bishop, 2009, Tambyraja et al., 2020), and that children with SSD often 

present with delayed reading acquisition (Anthony et al., 2011), it seems prudent to also evaluate 

phonological retrieval abilities when assessing children for SSD. Likewise, if children with SSD 

present with a concomitant literacy delay, then literacy supports can be included in the SSD 

treatment plan to prevent the adverse effects of delayed reading acquisition.   

Motoric Relationship 
 

Empirical research proposes the comorbidity of LI and RD in children with SSD; 

however, literature also suggests evidence of a relationship between motoric deficits and speech 

and LIs (Rechetnikov & Maitra, 2009).  Approximately 40% to 90% of children diagnosed with 

a speech or LI often demonstrate clinical indicators of a motoric impairment (Hill, 2001). 

Furthermore, underlying neurological mechanisms are believed to play a pivotal role in 

explaining why childhood speech and LIs often coincide with subpar motoric abilities. Some 

children with SSD present with deficits in motor planning and programming that adversely affect 

their motor speech production. Interestingly, researchers postulate a connection between the 

planning and programming mechanisms associated with speech production and fine motor skills 

(Dewey, 1993).  A first glance at children's oral-motor abilities often occurs during a 

diadochokinetic rate (DDK) assessment, and if the results are poor, then potential concomitant 

non-speech-related motoric deficits should be considered.  
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Diadochokinesis   

Clinicians often administer DDK tasks to assess motor speech sequencing and production 

rate, as academic literature suggests that children with SSD can present with oral-motor 

difficulties (Bernthal et al., 2017). Verbal DDK refers to "the production of rapidly alternating 

syllables" (Fletcher, 1972, p. 763) and typically involves rapid repetition of /pʌ tʌ kʌ/, whereas 

nonverbal DDK is frequently evaluated with lingual protrusion and lateralization tasks. DDK 

proficiency is measured in terms of accuracy, rate, and consistency of production (Williams & 

Stackhouse, 1998). Multiple studies investigating DDK performance in children with SSD versus 

typically developing peers have been conducted and discovered that the SSD population 

demonstrates decreased performance on rapid syllable repetition tasks (Dworkin, 1978; McNutt, 

1977; Williams & Stackhouse, 1998; Tuomi & Winter, 1997). However, it is noteworthy that 

nonsignificant DDK findings between children with SSD and typically developing peers have 

also been reported (Lewis et al., 2011; Prins, 1962).   

McNutt (1977) and Dworkin (1978) employed investigations to explore the relationship 

between specific types of speech errors and DDK proficiency. McNutt (1977) examined 45 

children between the ages of 13 to 14, and participants were categorized based on the articulation 

error type. The study consisted of three groups, including 15 children with only /r/ 

misarticulations, 15 participants with only /s/ misarticulations, and a control group with no 

articulatory errors. The participants’ oral sensory and oral motor abilities were examined to 

specify their association with each type of articulation error. More specifically, oral sensory 

abilities were assessed with two-point discrimination and oral-form discrimination tasks, and oral 

motor abilities were evaluated with alternating motor rate (AMR) tasks. Statistical analyses 

revealed that /r/ misarticulations were associated with deficient oral sensory and oral motor 
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performance, whereas /s/ misarticulations were related only to oral motor deficits. These findings 

indicate that children with /r/ and /s/ misarticulations demonstrated poorer performance on DDK 

measures than controls. Along the same lines, Dworkin (1978) subsequently reported that speech 

error type was related to DDK performance upon completing an investigation that examined the 

relationship between lingual strength and articulatory abilities of children with and without a 

frontal lisp. The study comprised 45 children that exhibited a frontal lisp (/s/ and /z/) and 45 

controls with normal articulation. Measures of DDK and protrusive lingual force were obtained. 

Data indicated that DDK and protrusive lingual force proficiency were significantly reduced in 

participants with a frontal lisp, suggesting reduced lingual force is related to lingual 

incoordination and bradykinesia (Dworkin,1978). Taken together, McNutt's (1977) and 

Dworkin’s (1978) findings support that speech errors, such as misarticulations of /s/ or /r/ and 

frontal lisps, are related to children’s performance on rapid syllable repetition tasks.  

Tuomi and Winter (1997) conducted a study to investigate the correlation between the 

degree of articulation impairment and DDK proficiency. The participants were divided into two 

groups, comprising nine 6-year-old children and nine 8-year-old children. A standardized 

articulation test, an oral apraxia test, and a DDK task was administered to the participants. 

Results showed that a more severe articulation impairment contributed to heightened difficulty 

on DDK tasks; thus, children with decreased articulatory proficiency demonstrated slower DDK 

rates. In particular, the 8-year-old children demonstrated faster DDK rates than the 6-year-old 

children, which suggests motor coordination improves as maturation occurs, even in children 

with an articulation impairment. Furthermore, SSDs are associated with oral-motor coordination 

difficulties related to speech production, and it is plausible to suggest motoric deficits may 

extend beyond the realm of speech production tasks. Disparate findings were reported by Lewis 
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et al. (2011) upon completing a large-scale investigation examining the association between SSD 

and five endophenotypes. Data showed that RAN and oral motor skills were not related to SSD 

severity.  In sum, empirical studies dedicated to investigating the relationship between oral motor 

abilities and SSD are relatively scarce; thus, additional research is required to specify the 

relationship between these two constructs.  

Gestures  
 

Infants’ motoric capacity flourishes during the first 18 months of life, which transforms 

their interactions with objects and people (Iverson, 2010). This development fosters early 

communication and language development. An early motorically-based communicative act is 

gesture usage, which typically emerges between 7 months and 1 year (Iverson, 2010). 

Interestingly, a recent investigation was undertaken by Alcock and Connor (2021) to examine the 

long-term relationships between the motoric and linguistic abilities of young children. Measures 

of language comprehension and production, oral motor skills, meaningless manual gestures, and 

fine and gross motor skills were obtained at 3 and 4 years of age. It is noteworthy that gesture 

tasks were not related to language, and motor tasks were not symbolic in nature. Data from an 

earlier study (Alcock & Krawczyk, 2010) which comprised some of the same participants at 21 

months of age were used for comparative purposes. Statistical analyses revealed that oral motor 

skills were uniquely related to language production abilities at 21 months and remained 

associated at 3 years. 

Likewise, Nip et al. (2011) reported that developmental changes in orofacial movement 

speed were associated with developmental advancement of linguistic and cognitive abilities 

while periodically examining 24 children between the ages of 9 and 21 months. Alcock and 

Krawczyk (2010) also discovered that meaningless gestures and fine and gross motor skills were 
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associated with language comprehension at 3 years of age. O’Reilly et al.’s (1997) findings from 

two separate studies revealed that early symbolic gestures were associated with receptive 

language abilities. Symbolic gesture comprehension was correlated with language 

comprehension at 24 and 36 months and 4 and 5 years. Alcock and Connor’s (2021) 

investigation differed from the previously mentioned studies in that only non-symbolic gestures 

were examined. Thus, it was hypothesized that the association between non-symbolic gestures 

and language was of clinical relevance, as it signified that a common underlying neurological 

mechanism likely underlies early linguistic and motoric abilities. 

Isolated Speech Impairment   

To date, only a few studies have examined the correlation between isolated speech 

impairments and motoric deficits, as most investigations comprised samples with isolated LI or 

concurrent SSD and LI (Finlay & McPhillips, 2013; Owen & McKinlay, 1997; Webster et al., 

2005). However, investigators have reported clinically relevant findings concerning the motor 

profile of children diagnosed with an isolated speech impairment. Visscher and colleagues 

(2007), for example, completed an investigation to gain a better understanding of how speech 

and LIs related to motoric performance by examining 125 participants: 46 children with LI, 14 

children with an isolated speech impairment, and 65 children with a comorbid speech and LI. All 

participants were between 6 and 9 years of age, and Dutch was their primary language. Motoric 

measures included manual dexterity, ball skills, and static and dynamic balance. Statistical 

analyses revealed that children with speech and/or LI demonstrated impaired motoric abilities. 

Notably, the participants with an isolated speech disorder performed worse on motor measures 

than those with LI. This finding is consistent with Visscher et al.’s (2010) discovery that children 

with speech and/or LIs scored lower on gross motor assessments, with the LI group obtaining 



 
39 

higher motor scores than those with an isolated speech impairment or a comorbid speech and LI.  

Visscher et al.’s (2007) and (2010) findings must be interpreted with caution, as English was not 

the participants’ primary language, and a small sample represented isolated speech impairment.      

More evidence regarding the association between specific speech impairments and 

motoric deficits can be drawn from Carroll et al.’s (1989) and Jenkins and Lohr’s (1964) 

investigations of children with ADs. Carroll and colleagues (1989) conducted a study to compare 

the visual-motor skills of children with and without an AD, and results revealed that an AD was 

associated with deficient performance on visual-motor tasks. Similarly, Jenkins and Lohr (1964) 

explored the motoric skills of 76 first graders and discovered that participants with an AD 

performed worse than controls on motor measures. Interestingly, Bishop (2002) postulates that 

there may be a genetic link between speech and motoric abilities, thus potentially explaining why 

some children with SSD exhibit subpar motoric abilities.  To investigate the comorbidity of 

speech and motoric impairments, Bishop (2002) analyzed the finger tapping rate of 22 dizygotic 

and 57 monozygotic twins with a speech and/or LI. A control group of 173 single-born children 

was included to provide normative data for the motoric task. Results showed that participants 

with a speech and/or LI demonstrated a significantly slower finger tapping rate relative to 

controls. In addition, data suggested a genetic association between communication and motoric 

disorders, with the link being greater for speech rather than LIs.  The literature reviewed in this 

section certainly supports the concomitance of speech and motoric impairments. Research 

proposes that children’s motoric proficiency is significantly associated with cognitive 

development (Piek et al., 2008; Son & Meisels, 2006), thus further underscoring the importance 

of considering non-speech-based motoric abilities during the SSD evaluation process.     
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Handwriting   

Considerable evidence supports that children’s early motoric abilities are predictive of 

later academic achievement (Dinehart & Manfra, 2013; Grissmer et al., 2010; Son and Meisels, 

2006), which is clinically relevant to the SSD population as motor immaturity has been linked to 

speech impairments (Bishop, 2002; Carroll et al., 1989; Visscher et al., 2010). In particular, 

handwriting competency has received substantial attention due to its fundamental role in 

children’s academic attainment (Dinehart, 2014). Many individuals argue that technological 

advancements within schools, such as the increased prevalence of portable computers, may make 

handwriting skills less essential or even obsolete. However, a recent investigation by Fogo and 

colleagues (2020) found that kindergarteners spent approximately 30% of their school day 

occupied with fine motor tasks, of which 30.75% of the time was spent completing handwriting-

related activities. This statistic underlines how significant handwriting proficiency is to the early-

school age population, even in the twenty-first century. A literature analysis is necessary to 

determine the specific academic areas that handwriting affects.   

Furthermore, Dinehart and Manfra (2013) aimed to explore the relationship between 

preschoolers’ fine motor skills and subsequent academic achievement in second grade.  The 

study comprised 3,903 economically disadvantaged students, and preschool achievement data 

was used to predict the level of academic growth in second grade. Fine motor abilities were 

divided into two categories, including object manipulation and fine motor writing. Results 

revealed that preschoolers’ object manipulation and fine motor writing skills significantly 

predicted second-grade academic attainment. Notably, early fine motor writing proficiency was 

more predictive of second graders’ math and reading performance than object manipulation 

skills.  
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Son and Meisels (2006) conducted a similar investigation and reported an association 

between fine motor abilities and academic success. Furthermore, the study analyzed 12,583 

children to specify the relationship between early motoric abilities and academic success in the 

first grade. The kindergarteners’ motoric skills served as potential predictors of reading and math 

proficiency in the first grade. Motor measures comprised tasks evaluating the kindergarteners’ 

fine and gross motor abilities. Statistical analyses revealed that early gross and fine motor skills 

were indicative of later academic attainment. However, fine motor skills, specifically visual-

motor abilities, were more predictive of first grade reading and math achievement. This 

discovery is notable, as handwriting is a type of visual-motor skill (Dinehart, 2014), and there is 

a documented correlation between visual-motor abilities and handwriting competency (Daly et 

al., 2003; Marr et al., 2001).  This is relevant to the SSD population, as studies have identified 

impaired visuomotor skills in children with ADs (Carroll et al., 1989; Ercan et al., 2016).    

  A growing body of literature suggests that children with speech and/or LIs demonstrate 

written expression deficits in the areas of quality and organization of writing (Kim et al., 2015), 

lexical diversity and spelling (Puranik et al., 2006), and grammar (Windsor et al., 2000). 

Interestingly, researchers have identified a significant link between children’s handwriting 

proficiency and written expression. Puranik and Altoabia (2011) investigated the influence of 

handwriting and spelling on the written expression abilities of 242 kindergarteners.  The study 

employed measures of written expression, spelling, handwriting fluency, oral language, 

cognition, PA, and reading. Specifically, the handwriting task required participants to write the 

alphabet letters in order, using lower case letters.  A moderate to strong correlation between 

spelling and handwriting fluency was detected, commensurate with literature examining the 

school-age population (Pontart et al., 2013). Statistical analyses also revealed that handwriting 
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demonstrated a moderate to weak correlation with verbal and nonverbal IQ, reading, and oral 

language. Notably, spelling and handwriting contributed to children’s written expression 

proficiency; however, handwriting fluency accounted for the most unique variance.    

While no studies have directly investigated the relationship between written language and 

handwriting proficiency in children with SSD, there are some investigations dedicated to 

examining the handwriting of those with speech and/or LIs. Connelly and colleagues (2012), for 

example, assessed children with and without a specific LI to determine what variables may 

impact the quality of composition and written language bursts. Ninety-nine children who were 11 

years of age took part in the investigation. The participants were divided into three sample 

groups: 33 children with SLI, 33 peers matched for age and gender, and 33 children matched for 

gender and language abilities.  Measures of handwriting fluency, nonverbal ability, spelling, and 

working memory were obtained. Results showed a high-moderate correlation between 

handwriting fluency and spelling, consistent with Puranik and Altoabia’s (2011) data. Further 

investigation of the data revealed that spelling and handwriting automaticity were significant 

predictors of burst length and text quality for all sample groups. Similar findings, regarding 

handwriting’s unique association with written text, were reported upon Jones and Christensen’s 

(1999) discovery that handwriting automaticity accounted for 67% variance in written 

expression.   

Taken together, the evidence reviewed here suggests that handwriting proficiency plays a 

pivotal role in children’s academic success, particularly in the areas of math, reading, and written 

expression. Given that some children with SSD exhibit fine motor deficits (Newmeyer et al., 

2007) and that handwriting competency is related to the written expression of those with LI 

(Connelly et al., 2012), it seems logical to suggest that handwriting may also impact the SSD 
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population. Although, additional research is needed to specify the relationship between 

handwriting and speech sound abilities. Research has shown that proficient handwriting may 

facilitate early reading acquisition (James & Engelhardt, 2012), thus emphasizing the importance 

of emergent readers engaging in pencil and paper tasks. Furthermore, SLPs working with the 

early-school-age population may consider implementing letter-writing tasks into therapy plans to 

supplement children’s emergent writing skills (Puranik et al., 2018) and fine motor abilities.  

Broca’s Area   

Studies suggest that childhood speech and LIs often coincide with impaired non-speech-

based motoric functioning. Moreover, Newmeyer et al. (2007) investigated the association 

between SSD and fine motor skills, specifically, to formulate a potential explanation for this 

comorbid relationship.  The study consisted of 32 children diagnosed with severe SSD, and the 

following areas were assessed: oral movement, auditory comprehension, expressive 

communication, grasping, object manipulation, and visual-motor integration.  Findings revealed 

that children with SSD demonstrated below-average fine motor functioning compared to age-

matched peers. In particular, there was an association between oral-motor imitation and visual-

motor integration.  A potential rationalization for this correlation is an underlying neurological 

structure involved in facilitating both the production of speech and fine motor tasks.  An 

experiment conducted by Heiser et al. (2003) utilizing repetitive transcranial magnetic 

stimulation (rTMS) revealed that Broca's area is indeed involved in tasks beyond the realm of 

speech and language. Furthermore, data suggested that Broca's area is essential for imitation of 

finger tapping, which is a fine motor task. Extensive research indicates that Broca's area houses 

mirror neurons that fire when a motor action is observed and executed (Ferrari et al., 2003), 

therefore, signifying a relationship between perception and production of motor actions. 
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Inadequate mirror neuron performance in Broca's area is certainly a plausible explanation for 

why children with speech and language delays often demonstrate difficulties with visuomotor 

tasks, such as threading beads and tapping, which require strong eye-hand coordination (Visscher 

et al., 2007). Moreover, abnormalities in Broca's area may cause inadequate planning and 

processing, thus contributing to poor execution of both speech and fine motor tasks.  

Cerebellar Influence    

Redle et al. (2015) conducted a functional MRI on 12 children with persistent SSD to 

further explore the neural relationships associated with oral-motor and fine motor execution. 

Statistical analyses revealed that children with SSD performed significantly lower than controls 

on fine motor and oral-motor tasks that were challenging and timed.  Interestingly, MRI results 

displayed increased activation in the cerebellum during oral-motor and fine motor execution. 

Tkach et al. (2011) also noted hyperactivation in the cerebellum when six children with SSD 

performed speech production tasks. These findings suggest cerebellar differences are another 

potential contributing factor to the comorbidity of SSD and motoric impairments.  Indeed, the 

cerebellum is integral for executing fine motor tasks, maintaining balance, and monitoring timing 

mechanisms (Manto et al., 2011). 

Furthermore, investigations examining children with speech or LIs frequently note 

below-average performance on challenging and timed motor tasks.  Wolff et al. (1990) reported 

poor results when examining bimanual coordination tasks requiring timely precision in children 

with dyslexia. Brookman et al.’s (2013) findings were in accordance and revealed that children 

with LI only demonstrated significant deficits when fine motor tasks were speeded and intricate.  

It is reasonable to postulate that children with SSD are often impoverished of the neurological 

resources required to execute particular speech and fine motor movements; therefore, this 
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population hyperactivates the cerebellum to meet the motoric demands of especially challenging 

and speedy tasks (Redle et al., 2015).  Indeed, peer-reviewed literature supports that speech and 

LIs are often associated with comorbid motoric impairments (Hill, 2001; Rechetnikov & Maitra, 

2009), which is relevant and supports the need to administer more comprehensive developmental 

assessments when evaluating children for SSD.  An occupational or physical therapy referral 

may be warranted if developmental assessments indicate that a child demonstrates below-

average motoric functioning.  

Purpose  

The purpose of the present study was to investigate the complex relationships that may 

relate to speech sound abilities, including PA, RAN, and non-speech-based motoric abilities, 

among the early school-age population. The variables were examined to determine if there were 

any significant correlations between them, thus identifying factors associated with speech sound 

abilities. The primary investigator hypothesized that speech sound proficiency is associated with 

PA, RAN, and non-speech-based motoric abilities in early school-age children. Much research 

suggests comorbidity of LI and RD in children with SSD (Pennington & Bishop, 2009). This 

study aimed to further support the relationship between speech sound abilities and 

language/literacy achievement with the intent of possibly recommending an implementation of 

adjunct therapies to prevent the manifestation of language and literacy delays into other aspects 

of development. Peer-reviewed literature also supports the comorbidity of motoric deficits in 

children with speech and LIs (Rechetnikov & Maitra, 2009), but specifically, the cumulative 

research exploring this comorbidity is still lacking. This investigation further examined the 

association between non-speech-based motoric and speech sound abilities. Comprehensive 
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developmental testing in motor areas and occupational/physical therapy referrals may be 

warranted if a significant relationship is identified.  

Experimental Question 

1. Will speech sound proficiency be associated with PA, RAN, and non-speech-based 

motoric abilities in early school-age children? 
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Chapter III 
 

Methods 
Participants  
 
 This study was approved by the Valdosta State University Institutional Review Board 

prior to the recruitment of participants (see Appendix A).  The sample for the study comprised 

70 participants, including 34 males and 36 females. The age of participants ranged from 4.0 

years to 7.92 years (mean age=5.90 years). All participants were native English speakers. 

Children varied in the levels of speech sound, motoric, and reading abilities, and no requirement 

was necessary for testing other than age. Flyers were posted around and given to parents at 

Valdosta State University's Speech and Hearing Clinic, Valdosta State University's Sullivan 

Literacy Center, Coastal Plain Head Start, and The Boys and Girls Club in Valdosta, Georgia 

(see Appendix B).  

No participants were rejected from the study. The only criteria for participation in the 

research was being at least 4 years of age and not older than 7 years. Children diagnosed with an 

inconsistent phonological disorder, CAS, and childhood dysarthria were not recruited for this 

study. The entire original sample size of 70 participants was included in the analysis of results.  

Procedures  
 

Parents of the potential participants were given a parental permission form to complete 

prior to each child's evaluation (see Appendix C). In addition, each child was read aloud a verbal 

assent form by the primary researcher (see Appendix D). The evaluations only occurred once a 

"yes" response from each child was obtained. Following each evaluation, each child received a 

complimentary monetary amount of $10, and parents received a brief evaluation summary, 

which explained how their child performed on the assessments administered during the 

evaluation. Parents were encouraged to contact the researchers if they had comments, concerns, 
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or questions regarding the information included within each summary. The data collection 

sessions were completed on-site at the Valdosta State University Speech and Hearing Clinic, 

Coastal Plain Head Start, and The Boys and Girls Club in Valdosta, Georgia. 

Formal measures were used to assess the participants’ abilities, including speech sound 

production, phonological processing, and non-speech-based motoric proficiency (see Appendix 

E). Administration of test order was counterbalanced to reduce the likelihood of fatigue 

systematically affecting the results. The following subtests were administered: CTOPP-2 

(Wagner et al., 2013) PA and RAN subtests, GFTA-3 (Goldman & Fristoe, 2015) SIW and SIS 

subtests, and Bruininks-Oseretsky Test of Motor Proficiency-Second Edition (BOT-2) (Bruininks 

& Bruininks, 2005) short test. Administration of the previously mentioned subtests allowed for 

examination of the complex relationships that may relate to speech sound abilities, including PA, 

RAN, and non-speech-based motoric abilities, among the early school-age population.  

The CTOPP-2 (Wagner et al., 2013) subtests of Elision, Blending Words, and Sound 

Matching or Phoneme Insolation were administered to assess the participants’ PA abilities. The 

Elision subtest measured the extent to which a participant could say a word and then say what 

was left after omitting certain sounds. In this subtest, the child was asked to repeat a word such 

as toothbrush and then say toothbrush without saying tooth. This subtest comprised 34 items, and 

examiner feedback was provided on items 1-12.  The Blending Words subtest measured a 

participant’s ability to combine sounds to form a word. For this subtest, the child listened to a 

recording of words presented in small parts and then combined these parts to make a word. For 

example, listen to the sounds skate-board then put them together to make the word skateboard. 

This subtest comprised 33 items, and examiner feedback was provided on items 1-12. The third 

PA subtest comprised two versions, including a separate form for participants ages 4-6 and 7. 
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Children between the ages of 4 and 6 were administered the Sound Matching subtest. This 

subtest measured the extent to which a participant could match sounds, and a picture book was 

used for both portions of the subtest. In part one of the subtest, the child was shown a series of 

three pictures, and the name of each picture was read aloud by the examiner. The child was then 

asked to point to the picture with a specific sound, such as the /n/ sound in the neck. The second 

portion of the subtest used the same method, except the participant was asked to point to the 

picture that ended with a specific sound such as the /m/ sound in gum. This subtest comprised 26 

items, and examiner feedback was provided on items 1-6 and 14-19. The Phoneme Isolation 

subtest was administered to participants that were 7 years old, and it measured the extent to 

which a participant could identify specific sounds in words. For this subtest, the child was asked 

to play a word game requiring him or her to say parts of words. For example, what is the first 

sound in fan and the last sound in mop? This subtest comprised 32 items, and examiner feedback 

was provided on items 1-7 and 17-23. Test items increased in complexity as each subtest 

progressed, and testing was discontinued after a ceiling of three consecutive incorrect responses 

was obtained for each PA subtest.    

The CTOPP-2 (Wagner et al., 2013) RAN subtests were administered to evaluate the 

participants’ phonological access abilities. The Rapid Digit Naming and Rapid Letter Naming 

subtests were administered to assess a child’s rapid symbolic naming abilities. The Rapid 

Symbolic Naming subtests measured the speed at which a participant could name numbers and 

letters. The Rapid Color Naming and Rapid Object Naming subtests were administered if a 

participant failed to show adequate knowledge of letters and numbers. The Rapid Non-Symbolic 

Naming subtests measured the speed at which a participant could name colors and objects. A 

blank piece of paper was used to cover each RAN subtest prior to testing, and the paper was 
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removed once the stopwatch started. Children were asked to identify 32 symbolic or non-

symbolic stimuli as rapidly as possible, represented in a grid format. There was no specified time 

limit for the RAN subtests; however, the length of time needed to complete each naming task 

was recorded on the test form.  Incorrect responses were also noted. 

The GFTA-3 (Goldman & Fristoe, 2015) SIW and SIS subtests were administered to 

assess the participants’ speech sound abilities. The GFTA-3 (Goldman & Fristoe, 2015). 

provided many opportunities to elicit the production of 23 consonant and 16 consonant cluster 

sounds in different word positions. The SIW subtest used a picture-naming task to elicit the 

production of 60 single words, including 23 consonant sounds in the initial position, 1 in the 

medial position, and 1 in the final position of words (Goldman & Fristoe, 2015).  For this 

subtest, the examiner pointed to a picture such as a truck, and the participant was asked to name 

the object. A verbal prompt was provided if a child could not name a particular stimulus item. 

The SIS subtest comprised two versions, including a separate form for participants ages 4-6 and 

7. Both versions of the SIS subtest used a sentence retell task in a story format to elicit speech 

sounds in connected speech. Children between the ages of 4-6 were read a story titled “What 

Animal Do You Think It Is?”  This story contained 43 target words to elicit the production of 21 

consonants and nine consonant clusters in the initial, medial, and final position of words 

(Goldman & Fristoe, 2015).  Participants that were 7 years old were read a story titled “A 

Terrible Day.” This story contained 31 target words to elicit the production of 19 consonants and 

nine consonant clusters in the initial, medial, and final position of words (Goldman & Fristoe, 

2015). For both versions of the SIS subtests, the examiner read a sentence such as a fly is buzzing 

around her cheese sandwich, and the child was asked to repeat the sentence. The sentence was 

repeated if the child could not recall or repeat the entire sentence. The participants’ productions 
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for the SIW and SIS subtests were not phonetically transcribed by the examiner, as only 

composite scores were considered in the analysis of the results.  

 The BOT-2 (Bruininks & Bruininks, 2005) short form was administered to assess the 

participants’ non-speech-based motoric abilities. The BOT-2 short form comprised eight subtests 

that evaluated the following areas: fine motor precision, fine motor integration, manual dexterity, 

bilateral coordination, balance, running speed and agility, upper-limb coordination, and strength. 

Each subtest comprised one or two simple tasks to summarize a participant's overall motor 

proficiency, and the examiner provided a demonstration prior to asking the participant to 

complete a task independently. Fine motor precision was assessed through a maze drawing and 

folding paper activity. Fine motor integration was evaluated by asking a participant to redraw a 

star and square illustrated in the stimulus book. A penny transferring activity was used to assess 

manual dexterity. Bilateral coordination was evaluated by jumping in place (same sides 

synchronized) and then tapping feet and fingers (same sides synchronized). Balance was 

assessed by asking participants to walk forward on a line and then stand on one leg on a balance 

beam with their eyes open. A one-legged stationary hopping activity was used to assess running 

speed and agility.  Upper-limb coordination was evaluated by asking participants to catch and 

drop the ball with both hands and dribble the ball with alternating hands. Strength was assessed 

through sit-up and push-up tasks, and participants could perform knee or full push-ups. If a 

participant could not complete a specific motor activity, the examiner moved on to the next task 

listed in the record form. 
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Measures  
 
Comprehensive Test of Phonological Processing- Second Edition (CTOPP-2)  
 

The CTOPP-2 (Wagner et al., 2013) was utilized to assess phonological processing skills 

related to reading, including PA and RAN. Data was collected as scaled scores (average range= 

8-12) computed from the raw scores obtained from the administration of each subtest. The PA 

composite score (average 90-110) for children ages 4-6, was derived from the Elision, Blending 

Words, and Sound Matching scaled scores.  The PA composite score (average=90-110) for 

children aged 7, was derived from the Elision, Blending Words, and Phoneme Isolation scaled 

scores. The Rapid Symbolic Naming composite score (90-110) was derived from the Rapid Digit 

Naming and Rapid Letter Naming scaled scores. The Rapid Non-Symbolic Naming composite 

score (90-110) was derived from the Rapid Color Naming and Rapid Object Naming scaled 

scores.    

Goldman-Fristoe Test of Articulation-Third Edition (GFTA-3) 
 

The GFTA-3 (Goldman and Fristoe, 2015) assessed articulatory proficiency in single 

words and connected speech. Data was collected as composite scores (average range= 86-114), 

computed from the raw scores obtained from the administration of each subtest. An individual 

composite score was obtained for the SIW and SIS subtests.  

Bruininks-Oseretsky Test of Motor Proficiency-Second Edition (BOT-2)  
 
 The BOT-2 (Bruininks & Bruininks, 2005) short form was utilized to assess non-speech-

based motoric abilities. Data was collected as a composite score (average range= 41-59) 

computed from the overall raw score obtained from the administration of each subtest within the 

BOT-2 short form. 
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Data from all testing administrations was collected in real-time on the corresponding 

record forms for each test. The participants completed the components from all three tests 

independently in one sitting, with breaks provided as necessary. The primary researcher 

completed the scoring of each test after the administration of testing took place.  

Analysis  
 

Once the standardized scores were obtained from the GFTA-2, CTOPP-2 PA, CTOPP-2 

RAN, BOT-2, the scores were subjected to Pearson product-moment correlations analyses. In 

addition, each of these standardized scores served as the dependent variable, or target, in a series 

of predictive regression analyses. The predictive capability of the other scores was investigated 

utilizing a series of stepwise multiple regression analyses. The first analysis used a stepwise 

linear regression model on the GFTA-3 SIS standard scores with the GFTA-3 SIW, CTOPP-2 

RAN, CTOPP-2 PA, and BOT-2 scores entered into the model as potential predictors. The 

GFTA-3 SIW scores were removed in a subsequent analysis since the subtests are both from the 

same assessment tool and are typically administered in tandem. All variables were entered into 

the stepwise analyses for all other target data (CTOPP-2 RAN, CTOPP-2 PA, and BOT-2).   

  



 
54 

Chapter IV 
 

Results  
 

To examine the relationships between the non-speech-based motoric, PA, RAN, and 

speech sound abilities of early school-aged children, the previously mentioned standardized 

assessments were administered to the 70 participants. The mean standard scores, percentile 

ranks, and standard deviations for each of the subtests are provided in Table 1.  

Table 1. Descriptive Statistics: Mean Standard Scores  
Subtest Mean Score (SD) Mean Percentile Rank 

(SD) 

CTOPP-2 PA+ 88.67 (14.05)  29.84 (24.49) 

CTOPP-2 RAN+ 87.71 (19.19)  38.93 (24.66) 

GFTA-3 SIW- 95.87 (15.83) 44.39 (28.21) 

GFTA-3 SIS- 102.79 (13.35)  57.07 (27.46) 

BOT-2* 48.06 (7.60) 43.90 (24.89) 

   

   

  

   

   

   

   

Note. + denotes standard score, average= 100, standard deviation= 10 
- denotes standard score, average= 100, standard deviation= 15 
* denotes standard score, average= 50, standard deviation= 10  
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Regression Analyses 
 

In the first statistical stepwise analysis, all subtest scores from all assessment tools were 

utilized as potential predictors of the GFTA-3 SIS scores. When assessing which subtest best 

predicted the GFTA-3 SIS scores, the stepwise analysis indicated that GFTA-3 SIW was the sole 

significant predictor, F(1,68) = 335.76, p < .00, R2 = .83, R2 Adjusted = .83. The results suggest 

that 83% of the variance in the GFTA-3 SIS scores can be accounted for by administering the 

GFTA-3 SIW subtest.  

When all GFTA-3 variables were removed from the analysis as potential predictors of 

GFTA-3 SIS scores, scores from the BOT-2 and the CTOPP-2 PA composite scores were entered 

into the stepwise model, F(2,67) = 12.77, p < .000, R2 = .28, R2 Adjusted = .25. The results suggest 

that 83% of the variance in the GFTA-3 SIS scores can be accounted for by administering the 

BOT-2 and the CTOPP-2 PA composite.  

All variables were used as potential predictors of the CTOPP-2 RAN composite scores. 

The stepwise analysis indicated that CTOPP-2 PA was the sole significant predictor, F(1,68) = 

9.44, p < .00, R2 = .12, R2 Adjusted = .10. The results suggest that 12% of the variance in the 

CTOPP-2 RAN scores can be accounted for by administering the CTOPP-2 PA composite. 

All variables were used as potential predictors of the CTOPP-2 PA composite scores. The 

stepwise analysis indicated that CTOPP-2 RAN and the GFTA-3 SIW were significant predictors, 

F(2,67) = 8.85, p < .00, R2 = .21, R2 Adjusted = .19. The results suggest that 21% of the variance in 

the CTOPP-2 PA scores can be accounted for by administering the CTOPP-2 RAN composite 

and the GFTA-3 SIW subtest.  
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All variables were used as potential predictors of the BOT-2 scores. The stepwise analysis 

indicated that CTOPP-2 PA was the sole significant predictor, F(1,68) = 19.74, p < .00, R2 = 

.23, R2 Adjusted = .21. The results suggest that 23% of the variance in the CTOPP-2 RAN scores 

can be accounted for by administering the CTOPP-2 PA composite. 

Correlations 

  To investigate the relationships among the data that were obtained, a Pearson product-

moment correlation analysis was conducted.  Results of the correlation are presented in Table 2. 

Significant findings were found among many of the variables.  

Table 2. Correlations Among Predictors  

 CTOPP-2 PA CTOPP-2 RAN GFTA-2 SIW GFTA-2 SIS 

CTOPP-2 PA  -    

CTOPP-2 RAN .35* -   

GFTA-3 SIW  .34* .13 -  

   GFTA-3 SIS .35* .21 .91* - 

BOT-2           .27  .26 .47* .47* 

Note. N = 70. * indicates significance at the 0.05 level.  
  



 
57 

Chapter V 

Discussion   

Interpretation and Implications  

The present study examined the PA, RAN, and non-speech-based motoric abilities of 70 

early school-age children to determine if any variables were significantly related to speech sound 

abilities. The results showed that PA and speech sound abilities demonstrated a weak correlation, 

which is consistent with previous research (Sutherland & Gillon, 2005). However, it should be 

noted that Webster and Plante (1992b) reported a moderate relationship between the two 

constructs. One possible reason for slightly differing results is that the current study comprised a 

randomized sample of participants with varying articulatory abilities, whereas Webster and 

Plante (1992b) specifically examined children with a severe PD. In addition, the present study 

utilized differing PA tasks, which may have also contributed to a weaker correlation. 

Furthermore, a relationship between PA and speech sound proficiency was established, which 

aligns with accumulating evidence suggesting that children with isolated SSD (Bird et al., 1995; 

Rvachew et al., 2003) and SSD with comorbid LI (Lewis et al. 2000; Sices et al., 2007) are at 

heightened risk for demonstrating reading deficits. Two primary clinical implications can be 

drawn from the present finding. That is, the SSD diagnostic evaluation should consider all 

communication domains to identify any potential co-occurring deficits, and the implementation 

of literacy tasks to the SSD treatment regimen may mitigate potential literacy deficits.    

Cumulative research examining the relationship between RAN and speech sound abilities 

is somewhat equivocal. Furthermore, the present study revealed no significant correlation 

between RAN and speech sound proficiency, which is in agreement with data reported by 

Raitano et al. (2004) and Tambyraja et al. (2020). However, some investigators (Leitao et al., 
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1997; Preston, 2008) have noted a significant correlation between the two constructs. Perhaps, 

methodological differences in quantifying articulation and RAN proficiency contributed to the 

data discrepancies among the investigations. A weak relationship between PA and speech sound 

abilities suggests that if children exhibit below average abilities in one area, they are at risk for 

struggling in the other area. However, it should not be assumed that if children perform poorly in 

one area, they will also be low in the other area. Moreover, RAN and PA should not be used as a 

proxy for one another.  

Statistical analyses revealed a weak correlation between PA and RAN, suggesting the 

two constructs may represent separate skills. This finding is relatively consistent with previous 

evidence documenting a mild to moderate relationship between the two variables (Georgiou et 

al., 2008; Manis et al., 2000). Wolf and Bowers (1999) postulated that RAN and PA are two 

distinct abilities that uniquely contribute to different aspects of reading. Furthermore, differential 

underlying cognitive mechanisms likely underlie these constructs. The present study's findings 

support this theory and signify the necessity of assessing both RAN and PA in the current study’s 

targeted age range. Speeded naming assessments are quick to administer and predictive of future 

reading abilities independent of PA (Manis et al., 2000; Powell & Atkinson, 2021), thus further 

supporting the inclusion of RAN in the SSD diagnostic battery.         

 A somewhat unanticipated finding was the very strong correlation among the GFTA-3 

(Goldman & Fristoe, 2015) SIW and SIS subtests. To date, no studies have specifically 

investigated the correlation between a standardized assessment’s citation and connected speech 

subtests. However, Johnson et al., 1980 examined children’s speech errors using the GFTA 

(Goldman & Fristoe, 1972) and found the SIS subtest to evidence significantly more articulatory 

errors than the SIW subtest. The present study only considered composite scores in the analysis 
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of the results; thus, the frequency and type of articulatory errors produced in single words and 

connected speech was not examined. Furthermore, the current results signify a robust association 

between the GFTA-3 (Goldman & Fristoe, 2015) SIW and SIS subtests, suggesting that both 

subtests are predictive of the same abilities. It is possible that administering both subtests is not 

providing any additional information that could be obtained from just one of the subtests. In 

essence, the administration of a second GFTA-3 (Goldman & Fristoe, 2015) subtest is not likely 

to change a child’s eligibility status. This finding is clinically pertinent, particularly to school-

based SLPs, due to increased time constraints for diagnostic evaluations. Empirical research has 

established that conversational speech samples provide valuable information regarding children’s 

speech and linguistic abilities (Klein & Liu-shea, 2009; Masterson et al., 2005). Thus, SLPs may 

consider collecting a brief SLS to gather a complete summation of a child’s overall 

communication status.   

 There is a paucity of research that is explicitly dedicated to investigating the relationship 

between speech sound proficiency and motoric abilities. The current study aimed to augment the 

growing body of literature examining the communicative and motoric relationship, specifically, 

the potential speech-motor link. Moreover, data revealed a moderate correlation between speech 

sound abilities and non-speech-based motoric skills. This finding supports past research 

(Rechetnikov & Maitra, 2009) documenting a significant association between speech and/or LIs 

and motoric deficits. The BOT-2 (Bruininks & Bruininks, 2005) short test evaluated a wide 

range of fine and gross motor skills; however, specific motor abilities were not considered, as a 

single composite score was used to quantify the participants’ overall motoric proficiency. Thus, a 

correlation concerning specific types of motor deficiencies could not be surmised, although 
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current results suggest a speech-motor link. A moderate correlation between motor and speech 

suggests that difficulties in these areas are commonly comorbid.  

 The present findings lead to several clinical implications for SLPs that serve early school-

age children. Research shows that handwriting is highly related to academic achievement, 

especially composition and literacy skills (Dinehart, 2014). In fact, handwriting proficiency has 

been proven as a significant predictor of written composition in children with a specific LI 

(Connelly et al., 2012). The present results, taken together with other evidence (Newmeyer et al., 

2007), suggest a significant relationship between speech and motoric abilities. Thus, the 

possibility that children with SSD may be at risk for academic consequences precipitated by 

handwriting deficits should be considered. The incorporation of supplementary handwriting 

practice into treatment could serve as an avenue to foster speech, language, and fine motor skills 

simultaneously. Due to a moderate relationship between articulatory and motoric abilities, a 

rudimentary motor screening tool should also be considered during the SSD diagnostic process. 

Moreover, based on screening results, occupational/physical therapy referrals and comprehensive 

developmental testing in motor areas may be warranted if motoric impairments are suspected. 

Additional research on children is required to specify the relationship between speech and motor 

abilities or to make definitive clinical recommendations for the SSD population.  

Limitations  

 Several limitations were evident in the present study. A relatively small sample size was 

used to investigate potential correlates related to speech sound abilities, thus reducing the 

generalizability of the study’s findings. All participants were from southeastern Georgia; 

therefore, results may not be representative of children residing in other regions of the nation. A 

large proportion of the participants attended the Coastal Plain Head Start or Boys and Girls Club, 
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which are partially government-funded organizations established to assist families with 

significant financial needs. Consequently, it is possible that an overrepresentation of children 

from low SES may have biased the results.  

 Dialectical differences were not considered when scoring the GFTA-3 (Goldman & 

Fristoe, 2015), which may have affected some participants’ articulatory proficiency scores. 

Although the current sample included various levels of speech sound proficiency, there was an 

underrepresentation of children with below-average speech sound abilities. Thus, the sample 

composition likely limited the applicability of the results to the SSD population. Time constraints 

were another potential limitation of the present investigation. Most participants completed all 

assessments within one session; thus, fatigue may have adversely impacted performance towards 

the end of the testing session. However, all tests were counterbalanced to avoid fatigue 

systematically impacting performance on a particular test.   

Recommendations 

A prospective study should comprise a larger sample of participants and encompass more 

children with an SSD diagnosis, as well as an age-matched control group for comparative 

purposes. A larger sample size would permit greater in-depth analyses of the relationships 

between the correlational variables, thus, providing a comprehensive summation of which 

variables are most likely associated with SSD. These analyses would allow for more definitive 

recommendations to be made regarding the evaluation and treatment of SSD. Furthermore, the 

current study did not distinguish between the different classifications of speech sound errors, 

such as distortions, typical errors, and atypical errors. Future studies might examine if there is a 

relationship between the specific type of speech sound error and non-speech-based-motoric 

abilities. Research suggests that children with idiosyncratic speech errors are at higher risk for 
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developing RD (Foy & Mann, 2011), thus it would be notable to establish if there is also a 

significant correlation between atypical errors and motoric performance. This information may 

clue clinicians about which children are more likely to demonstrate non-speech-based motoric 

deficits.   

The results of the present study suggested that no additional information is obtained from 

administering a second GFTA-3 (Goldman & Fristoe, 2015) subtest. However, an error pattern 

analysis was not completed on the participants’ responses. A future study might also examine the 

frequency and type of errors produced in the SIW and SIS subtests to investigate the similarities 

and differences among speech errors in both subtests. If additional clinical information is 

identified, clinicians may consider completing an error pattern analysis on the SIW and SIS 

subtests to gain additional insight concerning children’s speech repertoire. The current study 

examined children between the ages of 4 to 7; however, future investigators might evaluate an 

older sample of children to specify if chronological age is associated with a larger scoring 

discrepancy between the SIW and SIS subtests. Finally, audio recordings were not obtained in 

the present study; although, prospective studies may consider audio recording the participants’ 

responses to establish interrater reliability.  

There is very little published research on the relationship between speech sound abilities 

and motoric proficiency, thus underscoring the need for further investigation. As mentioned 

earlier, the present study used a standardized motor score that was representative of combined 

fine and gross motor performance. A future investigation could include two distinct motor 

measures in the research design to establish if speech sound proficiency is linked specifically to 

fine and/or gross motor abilities. Visuomotor skills, specifically handwriting, are associated with 

academic attainment (Dinehart, 2014). The present study did not evaluate handwriting in-depth 
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when assessing motoric abilities. However, prospective studies may consider directly comparing 

speech sound abilities with more specific handwriting measures.   

Conclusion  
 
 The present research aimed to investigate if PA, RAN, and non-speech-based motoric 

abilities were significantly related to speech sound proficiency. Results suggested a moderate 

association between speech and motoric abilities, which adds to the limited body of literature 

examining the speech-motor link. If future evidence supports this finding, the inclusion of a 

rudimentary motoric screening to the SSD diagnostic battery might be necessary. Occupational 

and physical therapy referrals may also be warranted. Furthermore, a weak correlation was 

detected between speech sound abilities and PA, as well as with PA and RAN. There was an 

underrepresentation of children that demonstrated below-average articulatory skills in the present 

study, which may have contributed to a weaker correlation among the variables. However, 

current results suggest that both PA and RAN need assessing, as they are two distinct abilities. In 

addition, findings support that SLPs should be cognizant of the relationship between articulatory 

and literacy proficiency.  A very strong association between the GFTA-3 (Goldman & Fristoe, 

2015) SIW and SIS subtests was established. This finding suggests that additional information 

regarding children’s articulatory abilities and subsequent eligibility status is not obtained from 

administering a second GFTA-3 (Goldman & Fristoe, 2015) subtest. Thus, only one subtest may 

need administering, and instead, SLPs might consider collecting an informal connected speech 

sample to gain better insight into children’s speech and linguistic profile. Future studies might 

examine speech error types and specific motor skills in children with SSD, thus allowing for 

conclusive recommendations to be made regarding testing, therapy, and referrals.  
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General Information 
Participant  1 
Date of Birth  12/14/15 
Chronological Age  5;0 
Sex  Male 
Test Date  1/12/21 

 
Comprehensive Test of Phonological Processing- Second Edition (CTOPP-2) 

 
Subtest Percentile 

Rank 
Scaled Score 

(average range = 8-12) 
Descriptive Term 

Elision 50% 10 Average  

Blending Words 25% 8 Average 

Sound 
Matching  

25% 8 Average 

Rapid Color 
Naming 

25% 8 Average 

Rapid Object 
Naming 

16% 7 Below Average 

 
Composite Area Percentile 

Rank 
Composite Score 

(average range = 90-110) 
Descriptive Term 

Phonological 
Awareness 

30% 92 Average 

Rapid Naming  16% 
 

85 Below Average 

 
Goldman Fristoe Test of Articulation- Third Edition (GFTA-3) 

 
Subtest Percentile 

Rank 
Composite Score 

(average range = 85-115) 
Descriptive Term 

Sounds-in-Words  88% 118 Average  

Sounds-in-Sentences 90% 119 Average  

 
Bruininks-Oseretsky Test of Motor Proficiency- Second Edition (BOT-2) 

 
Short Form  Percentile 

Rank 
Composite Score 

(average range = 41-59) 
Descriptive Term 

Motor Proficiency  62% 53 Average 
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General Information 
Participant  2 
Date of Birth  3/19/15 
Chronological Age  5;10 
Sex  Female  
Test Date  1/22/21 

 

Comprehensive Test of Phonological Processing- Second Edition (CTOPP-2) 
 

Subtest Percentile 
Rank 

Scaled Score 
(average range = 8-12) 

Descriptive Term 

Elision 75% 12 Average  

Blending Words 75% 12 Average 

Sound 
Matching  

75% 12 Average 

Rapid Digit 
Naming 

50% 10 Average 

Rapid Letter 
Naming 

63% 11 Average 

 
Composite Area Percentile 

Rank 
Composite Score 

(average range = 90-110) 
Descriptive Term 

Phonological 
Awareness 

82% 114 Above Average 

Rapid Naming  61% 
 

104 Average 

 
Goldman Fristoe Test of Articulation- Third Edition (GFTA-3) 

 

Subtest Percentile 
Rank 

Composite Score 
(average range = 86-114) 

Descriptive Term 

Sounds-in-Words  1% 65 Severe   

Sounds-in-Sentences 7% 78 Borderline 

 
Bruininks-Oseretsky Test of Motor Proficiency- Second Edition (BOT-2) 

 
Short Form  Percentile 

Rank 
Composite Score 

(average range = 41-59) 
Descriptive Term 

Motor Proficiency  16% 40 Below Average 
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General Information 
Participant  3 
Date of Birth  2/25/13 
Chronological Age  7;11 
Sex  Male 
Test Date  2/10/21 

 

Comprehensive Test of Phonological Processing- Second Edition (CTOPP-2) 
 

Subtest Percentile 
Rank 

Scaled Score 
(average range = 8-12) 

Descriptive Term 

Elision 16% 7 Below Average  

Blending Words 25% 8 Average 

Phoneme  
Isolation   

50% 10 Average 

Rapid Digit 
Naming 

16% 7 Below Average 

Rapid Letter 
Naming 

16% 7 Below Average 

 
Composite Area Percentile 

Rank 
Composite Score 

(average range = 90-110) 
Descriptive Term 

Phonological 
Awareness 

25% 90 Average 

Rapid Naming  12% 
 

82 Below Average 

 
Goldman Fristoe Test of Articulation- Third Edition (GFTA-3) 

 

Subtest Percentile 
Rank 

Composite Score 
(average range = 86-114) 

Descriptive Term 

Sounds-in-Words  19% 87 Average 

Sounds-in-Sentences 34% 94 Below Average 

 
Bruininks-Oseretsky Test of Motor Proficiency- Second Edition (BOT-2) 

 
Short Form  Percentile 

Rank 
Composite Score 

(average range = 41-59) 
Descriptive Term 

Motor Proficiency  18% 41 Average  
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General Information 
Participant  4 
Date of Birth  11/4/13 
Chronological Age  7;3 
Sex  Male 
Test Date  2/11/21 

 

Comprehensive Test of Phonological Processing- Second Edition (CTOPP-2) 
 

Subtest Percentile 
Rank 

Scaled Score 
(average range = 8-12) 

Descriptive Term 

Elision 95% 15  Superior 

Blending Words 91% 14 Above Average 

Phoneme  
Isolation   

37% 9 Average 

Rapid Digit 
Naming 

63% 11 Average 

Rapid Letter 
Naming 

50% 10 Average 

 
Composite Area Percentile 

Rank 
Composite Score 

(average range = 90-110) 
Descriptive Term 

Phonological 
Awareness 

89% 118 Above Average 

Rapid Naming  61% 
 

104 Average 

 
Goldman Fristoe Test of Articulation- Third Edition (GFTA-3) 

 

Subtest Percentile 
Rank 

Composite Score 
(average range = 86-114) 

Descriptive Term 

Sounds-in-Words  82% 114 Average  

Sounds-in-Sentences 93% 122 Above Average  

 

Bruininks-Oseretsky Test of Motor Proficiency- Second Edition (BOT-2) 
 

Short Form  Percentile 
Rank 

Composite Score 
(average range = 41-59) 

Descriptive Term 

Motor Proficiency  16% 40 Below Average  
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General Information 
Participant  5 
Date of Birth  1/4/14 
Chronological Age  6;3 
Sex  Female  
Test Date  2/23/21 

 

Comprehensive Test of Phonological Processing- Second Edition (CTOPP-2) 
 

Subtest Percentile 
Rank 

Scaled Score 
(average range = 8-12) 

Descriptive Term 

Elision 63% 11 Average  

Blending Words 16% 7 Average 

Sound 
Matching  

95% 15 Superior  

Rapid Digit 
Naming 

63% 11 Average 

Rapid Letter 
Naming 

50% 10 Average 

  
Composite Area Percentile 

Rank 
Composite Score 

(average range = 90-110) 
Descriptive Term 

Phonological 
Awareness 

68% 107 Average 

Rapid Naming  61% 
 

104 Average 

 
Goldman Fristoe Test of Articulation- Third Edition (GFTA-3) 

 

Subtest Percentile 
Rank 

Composite Score 
(average range = 86-114) 

Descriptive Term 

Sounds-in-Words  82% 114 Average 

Sounds-in-Sentences 81% 113 Average 

 
Bruininks-Oseretsky Test of Motor Proficiency- Second Edition (BOT-2) 

 
Short Form  Percentile 

Rank 
Composite Score 

(average range = 41-59) 
Descriptive Term 

Motor Proficiency  93% 65 Above Average  
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General Information 
Participant  6 
Date of Birth  8/18/14 
Chronological Age  6;6 
Sex  Male  
Test Date  3/4/21 

 

Comprehensive Test of Phonological Processing- Second Edition (CTOPP-2) 
 

Subtest Percentile 
Rank 

Scaled Score 
(average range = 8-12) 

Descriptive Term 

Elision 50% 10 Average  

Blending Words 98% 16 Superior  

Sound 
Matching  

50% 10 Average 

Rapid Digit 
Naming 

50% 10 Average 

Rapid Letter 
Naming 

50% 10 Average 

 
Composite Area Percentile 

Rank 
Composite Score 

(average range = 90-110) 
Descriptive Term 

Phonological 
Awareness 

82% 114 Above Average 

Rapid Naming  53% 
 

101 Average 

 
Goldman Fristoe Test of Articulation- Third Edition (GFTA-3) 

 

Subtest Percentile 
Rank 

Composite Score 
(average range = 86-114) 

Descriptive Term 

Sounds-in-Words  27% 91 Average 

Sounds-in-Sentences 58% 103 Average 

 
Bruininks-Oseretsky Test of Motor Proficiency- Second Edition (BOT-2) 

 
Short Form  Percentile 

Rank 
Composite Score 

(average range = 41-59) 
Descriptive Term 

Motor Proficiency  24% 43 Average 
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General Information 
Participant  7 
Date of Birth  9/24/13 
Chronological Age  7;5 
Sex  Male  
Test Date  3/5/21 

 

Comprehensive Test of Phonological Processing- Second Edition (CTOPP-2) 
 

Subtest Percentile 
Rank 

Scaled Score 
(average range = 8-12) 

Descriptive Term 

Elision 25% 8 Average 

Blending Words 91% 14 Above Average  

Phoneme 
Isolation   

37% 9 Average 

Rapid Digit 
Naming 

75% 12 Average 

Rapid Letter 
Naming 

50% 10 Average 

 
Composite Area Percentile 

Rank 
Composite Score 

(average range = 90-110) 
Descriptive Term 

Phonological 
Awareness 

58% 103 Average 

Rapid Naming  68% 
 

107 Average 

 
Goldman Fristoe Test of Articulation- Third Edition (GFTA-3) 

 

Subtest Percentile 
Rank 

Composite Score 
(average range = 86-114) 

Descriptive Term 

Sounds-in-Words  82% 114 Average  

Sounds-in-Sentences 93% 122 Above Average  

 
Bruininks-Oseretsky Test of Motor Proficiency- Second Edition (BOT-2) 

 
Short Form  Percentile 

Rank 
Composite Score 

(average range = 41-59) 
Descriptive Term 

Motor Proficiency  84% 60 Above Average  



 
102 

General Information 
Participant  8 
Date of Birth  4/4/13 
Chronological Age  7;11 
Sex  Male  
Test Date  3/5/21 

 

Comprehensive Test of Phonological Processing- Second Edition (CTOPP-2) 
 

Subtest Percentile 
Rank 

Scaled Score 
(average range = 8-12) 

Descriptive Term 

Elision 63% 11 Average 

Blending Words 37% 9 Average 

Phoneme  
Isolation   

63% 11 Average 

Rapid Digit 
Naming 

50% 10 Average 

Rapid Letter 
Naming 

37% 9 Average 

 
Composite Area Percentile 

Rank 
Composite Score 

(average range = 90-110) 
Descriptive Term 

Phonological 
Awareness 

58% 103 Average 

Rapid Naming  45% 
 

98 Average 

 
Goldman Fristoe Test of Articulation- Third Edition (GFTA-3) 

 

Subtest Percentile 
Rank 

Composite Score 
(average range = 86-114) 

Descriptive Term 

Sounds-in-Words  61% 104 Average 

Sounds-in-Sentences 87% 117 Above Average  

 
Bruininks-Oseretsky Test of Motor Proficiency- Second Edition (BOT-2) 

 
Short Form  Percentile 

Rank 
Composite Score 

(average range = 41-59) 
Descriptive Term 

Motor Proficiency  54% 51 Average 
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General Information 
Participant  9 
Date of Birth  3/26/15 
Chronological Age  5;11 
Sex  Female  
Test Date  3/15/21 

 

Comprehensive Test of Phonological Processing- Second Edition (CTOPP-2) 
 

Subtest Percentile 
Rank 

Scaled Score 
(average range = 8-12) 

Descriptive Term 

Elision 50% 10 Average 

Blending Words 16% 7 Below Average 

Sound 
Matching  

9% 6 Below Average 

Rapid Color 
Naming 

1% 3 Very Poor 

Rapid Object 
Naming 

9% 6 Below Average  

 
Composite Area Percentile 

Rank 
Composite Score 

(average range = 90-110) 
Descriptive Term 

Phonological 
Awareness 

18% 86 Below Average 

Rapid Naming  1% 
 

67 Very Poor 

 
Goldman Fristoe Test of Articulation- Third Edition (GFTA-3) 

 

Subtest Percentile 
Rank 

Composite Score 
(average range = 86-114) 

Descriptive Term 

Sounds-in-Words  2% 69 Severe  

Sounds-in-Sentences 5% 76 Low  

 
Bruininks-Oseretsky Test of Motor Proficiency- Second Edition (BOT-2) 

 
Short Form  Percentile 

Rank 
Composite Score 

(average range = 41-59) 
Descriptive Term 

Motor Proficiency  27% 44 Average  
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General Information 
Participant  10 
Date of Birth  10/28/14 
Chronological Age  6;4 
Sex  Female 
Test Date  3/18/21 

 

Comprehensive Test of Phonological Processing- Second Edition (CTOPP-2) 
 

Subtest Percentile 
Rank 

Scaled Score 
(average range = 8-12) 

Descriptive Term 

Elision 25% 8 Average 

Blending Words 37% 9 Average 

Sound 
Matching  

84% 13 Above Average 

Rapid Digit 
Naming 

63% 11 Average 

Rapid Letter 
Naming 

75% 12 Average 

 
Composite Area Percentile 

Rank 
Composite Score 

(average range = 90-110) 
Descriptive Term 

Phonological 
Awareness 

50% 100 Average 

Rapid Naming  75% 
 

110 Average 

 
Goldman Fristoe Test of Articulation- Third Edition (GFTA-3) 

 

Subtest Percentile 
Rank 

Composite Score 
(average range = 86-114) 

Descriptive Term 

Sounds-in-Words  55% 102 Average 

Sounds-in-Sentences 79% 112 Average 

 
Bruininks-Oseretsky Test of Motor Proficiency- Second Edition (BOT-2) 

 
Short Form  Percentile 

Rank 
Composite Score 

(average range = 41-59) 
Descriptive Term 

Motor Proficiency  73% 56 Average 
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General Information 
Participant  11 
Date of Birth  1/10/14 
Chronological Age  7;2 
Sex  Male  
Test Date  3/10/21 

 

Comprehensive Test of Phonological Processing- Second Edition (CTOPP-2) 
 

Subtest Percentile 
Rank 

Scaled Score 
(average range = 8-12) 

Descriptive Term 

Elision 95% 15 Superior  

Blending Words 50% 10 Average 

Phoneme  
Isolation   

25% 8 Average 

Rapid Digit 
Naming 

37% 9 Average 

Rapid Letter 
Naming 

37% 9 Average 

 
Composite Area Percentile 

Rank 
Composite Score 

(average range = 90-110) 
Descriptive Term 

Phonological 
Awareness 

68% 107 Average 

Rapid Naming  37% 
 

95 Average 

 
Goldman Fristoe Test of Articulation- Third Edition (GFTA-3) 

 

Subtest Percentile 
Rank 

Composite Score 
(average range = 86-114) 

Descriptive Term 

Sounds-in-Words  84% 115 Above Average 

Sounds-in-Sentences 87% 117 Above Average  

 
Bruininks-Oseretsky Test of Motor Proficiency- Second Edition (BOT-2) 

 
Short Form  Percentile 

Rank 
Composite Score 

(average range = 41-59) 
Descriptive Term 

Motor Proficiency  95% 66 Above Average  
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General Information 
Participant  12 
Date of Birth  9/23/14 
Chronological Age  6;6 
Sex  Male  
Test Date  3/23/21 

 

Comprehensive Test of Phonological Processing- Second Edition (CTOPP-2) 
 

Subtest Percentile 
Rank 

Scaled Score 
(average range = 8-12) 

Descriptive Term 

Elision <1% 2 Very Poor 

Blending Words 5% 5 Poor 

Sound 
Matching  

1% 3 Very Poor 

Rapid Digit 
Naming 

5% 5 Poor 

Rapid Letter 
Naming 

16% 7 Below Average  

 
Composite Area Percentile 

Rank 
Composite Score 

(average range = 90-110) 
Descriptive Term 

Phonological 
Awareness 

<1% 58 Very Poor 

Rapid Naming  5% 
 

76 Poor 

 
Goldman Fristoe Test of Articulation- Third Edition (GFTA-3) 

 

Subtest Percentile 
Rank 

Composite Score 
(average range = 86-114) 

Descriptive Term 

Sounds-in-Words  <.1% 48 Severe  

Sounds-in-Sentences 1% 63 Severe 

 
Bruininks-Oseretsky Test of Motor Proficiency- Second Edition (BOT-2) 

 
Short Form  Percentile 

Rank 
Composite Score 

(average range = 41-59) 
Descriptive Term 

Motor Proficiency  7% 35 Below Average 
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General Information 
Participant  13 
Date of Birth  2/15/15 
Chronological Age  6;1 
Sex  Female  
Test Date  3/25/21 

 

Comprehensive Test of Phonological Processing- Second Edition (CTOPP-2) 
 

Subtest Percentile 
Rank 

Scaled Score 
(average range = 8-12) 

Descriptive Term 

Elision 25% 8 Average 

Blending Words 37% 9 Average 

Sound 
Matching  

37% 9 Average 

Rapid Digit 
Naming 

63% 11 Average 

Rapid Letter 
Naming 

63% 11 Average 

 
Composite Area Percentile 

Rank 
Composite Score 

(average range = 90-110) 
Descriptive Term 

Phonological 
Awareness 

30% 92 Average 

Rapid Naming  68% 
 

107 Average 

 
Goldman Fristoe Test of Articulation- Third Edition (GFTA-3) 

 

Subtest Percentile 
Rank 

Composite Score 
(average range = 86-114) 

Descriptive Term 

Sounds-in-Words  37% 95 Average 

Sounds-in-Sentences 50% 100 Average 

 
Bruininks-Oseretsky Test of Motor Proficiency- Second Edition (BOT-2) 

 
Short Form  Percentile 

Rank 
Composite Score 

(average range = 41-59) 
Descriptive Term 

Motor Proficiency  10% 37 Below Average 
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General Information 
Participant  14 
Date of Birth  5/16/13 
Chronological Age  7;10 
Sex  Male  
Test Date  4/1/21 

 

Comprehensive Test of Phonological Processing- Second Edition (CTOPP-2) 
 

Subtest Percentile 
Rank 

Scaled Score 
(average range = 8-12) 

Descriptive Term 

Elision 95% 15 Superior  

Blending Words 37% 9 Average 

Phoneme  
Isolation   

25% 8 Average 

Rapid Digit 
Naming 

37% 9 Average 

Rapid Letter 
Naming 

25% 8 Average 

 
Composite Area Percentile 

Rank 
Composite Score 

(average range = 90-110) 
Descriptive Term 

Phonological 
Awareness 

63% 105 Average 

Rapid Naming  30% 
 

92 Average 

 
Goldman Fristoe Test of Articulation- Third Edition (GFTA-3) 

 

Subtest Percentile 
Rank 

Composite Score 
(average range = 86-114) 

Descriptive Term 

Sounds-in-Words  79% 112 Average 

Sounds-in-Sentences 87% 117 Above Average  

 
Bruininks-Oseretsky Test of Motor Proficiency- Second Edition (BOT-2) 

 
Short Form  Percentile 

Rank 
Composite Score 

(average range = 41-59) 
Descriptive Term 

Motor Proficiency  62% 53 Average 
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General Information 
Participant  15 
Date of Birth  4/7/15 
Chronological Age  5;11 
Sex  Male  
Test Date  4/5/21 

 

Comprehensive Test of Phonological Processing- Second Edition (CTOPP-2) 
 

Subtest Percentile 
Rank 

Scaled Score 
(average range = 8-12) 

Descriptive Term 

Elision 25% 8 Average 

Blending Words 50% 10 Average 

Sound 
Matching  

50% 10 Average 

Rapid Digit 
Naming 

37% 9 Average 

Rapid Letter 
Naming 

37% 9 Average 

 
Composite Area Percentile 

Rank 
Composite Score 

(average range = 90-110) 
Descriptive Term 

Phonological 
Awareness 

39% 96 Average 

Rapid Naming  37% 
 

95 Average 

 
Goldman Fristoe Test of Articulation- Third Edition (GFTA-3) 

 

Subtest Percentile 
Rank 

Composite Score 
(average range = 86-114) 

Descriptive Term 

Sounds-in-Words  53% 101 Average 

Sounds-in-Sentences 73% 109 Average 

 
Bruininks-Oseretsky Test of Motor Proficiency- Second Edition (BOT-2) 

 
Short Form  Percentile 

Rank 
Composite Score 

(average range = 41-59) 
Descriptive Term 

Motor Proficiency  76% 57 Average 
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General Information 
Participant  16 
Date of Birth  7/29/13 
Chronological Age  7;8 
Sex  Female  
Test Date  4/7/21 

 

Comprehensive Test of Phonological Processing- Second Edition (CTOPP-2) 
 

Subtest Percentile 
Rank 

Scaled Score 
(average range = 8-12) 

Descriptive Term 

Elision 25% 8 Average 

Blending Words 63% 11 Average 

Phoneme  
Isolation 

63% 11 Average 

Rapid Digit 
Naming 

37% 9 Average 

Rapid Letter 
Naming 

25% 8 Average 

 
Composite Area Percentile 

Rank 
Composite Score 

(average range = 90-110) 
Descriptive Term 

Phonological 
Awareness 

50% 100 Average 

Rapid Naming  30% 
 

92 Average 

 
Goldman Fristoe Test of Articulation- Third Edition (GFTA-3) 

 

Subtest Percentile 
Rank 

Composite Score 
(average range = 86-114) 

Descriptive Term 

Sounds-in-Words  47% 99 Average 

Sounds-in-Sentences 45% 98 Average 

 
Bruininks-Oseretsky Test of Motor Proficiency- Second Edition (BOT-2) 

 
Short Form  Percentile 

Rank 
Composite Score 

(average range = 41-59) 
Descriptive Term 

Motor Proficiency  16% 40 Below Average 
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General Information 
Participant  17 
Date of Birth  1/19/16 
Chronological Age  5;3 
Sex  Male 
Test Date  4/22/21 

 

Comprehensive Test of Phonological Processing- Second Edition (CTOPP-2) 
 

Subtest Percentile 
Rank 

Scaled Score 
(average range = 8-12) 

Descriptive Term 

Elision 25% 8 Average 

Blending Words 9% 6 Below Average 

Sound 
Matching  

16% 7 Below Average 

Rapid Color 
Naming 

<1% 2 Very Poor 

Rapid Object 
Naming 

5% 5 Poor  

 
Composite Area Percentile 

Rank 
Composite Score 

(average range = 90-110) 
Descriptive Term 

Phonological 
Awareness 

% 82 Below Average 

Rapid Naming  % 
 

61 Very Poor 

 
Goldman Fristoe Test of Articulation- Third Edition (GFTA-3) 

 

Subtest Percentile 
Rank 

Composite Score 
(average range = 86-114) 

Descriptive Term 

Sounds-in-Words  55% 102 Average 

Sounds-in-Sentences 77% 111 Average 

 
Bruininks-Oseretsky Test of Motor Proficiency- Second Edition (BOT-2) 

 
Short Form  Percentile 

Rank 
Composite Score 

(average range = 41-59) 
Descriptive Term 

Motor Proficiency  62% 53 Average 
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General Information 
Participant  18 
Date of Birth  1/15/16 
Chronological Age  5;3 
Sex  Female  
Test Date  4/22/16 

 

Comprehensive Test of Phonological Processing- Second Edition (CTOPP-2) 
 

Subtest Percentile 
Rank 

Scaled Score 
(average range = 8-12) 

Descriptive Term 

Elision 5% 4 Poor 

Blending Words 2% 5 Poor 

Sound 
Matching  

16% 7 Below Average 

Rapid Color 
Naming 

2% 4 Poor 

Rapid Object 
Naming 

37% 9 Average  

 
Composite Area Percentile 

Rank 
Composite Score 

(average range = 90-110) 
Descriptive Term 

Phonological 
Awareness 

3% 71 Poor 

Rapid Naming  8% 
 

79 Poor 

 
Goldman Fristoe Test of Articulation- Third Edition (GFTA-3) 

 

Subtest Percentile 
Rank 

Composite Score 
(average range = 86-114) 

Descriptive Term 

Sounds-in-Words  18% 86 Average 

Sounds-in-Sentences 47% 99 Average 

 
Bruininks-Oseretsky Test of Motor Proficiency- Second Edition (BOT-2) 

 
Short Form  Percentile 

Rank 
Composite Score 

(average range = 41-59) 
Descriptive Term 

Motor Proficiency  31% 45 Average 
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General Information 
Participant  19 
Date of Birth  2/20/16 
Chronological Age  5;2 
Sex  Female  
Test Date  4/22/21 

 

Comprehensive Test of Phonological Processing- Second Edition (CTOPP-2) 
 

Subtest Percentile 
Rank 

Scaled Score 
(average range = 8-12) 

Descriptive Term 

Elision 5% 5 Poor 

Blending Words 5% 5 Poor 

Sound 
Matching  

37% 9 Average 

Rapid Digit 
Naming 

75% 12 Average 

Rapid Letter 
Naming 

63% 11 Average  

 
Composite Area Percentile 

Rank 
Composite Score 

(average range = 90-110) 
Descriptive Term 

Phonological 
Awareness 

6% 77 Poor 

Rapid Naming  75% 
 

110 Average 

 
Goldman Fristoe Test of Articulation- Third Edition (GFTA-3) 

 

Subtest Percentile 
Rank 

Composite Score 
(average range = 86-114) 

Descriptive Term 

Sounds-in-Words  25% 90 Average 

Sounds-in-Sentences 42% 97 Average  

 
Bruininks-Oseretsky Test of Motor Proficiency- Second Edition (BOT-2) 

 
Short Form  Percentile 

Rank 
Composite Score 

(average range = 41-59) 
Descriptive Term 

Motor Proficiency  46% 49 Average 
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General Information 
Participant  20 
Date of Birth  10/27/15 
Chronological Age  5;6 
Sex  Male 
Test Date  4/27/21 

 

Comprehensive Test of Phonological Processing- Second Edition (CTOPP-2) 
 

Subtest Percentile 
Rank 

Scaled Score 
(average range = 8-12) 

Descriptive Term 

Elision 2% 4 Poor 

Blending Words 5% 5 Poor 

Sound 
Matching  

5% 5 Poor 

Rapid Digit 
Naming 

50% 10 Average 

Rapid Letter 
Naming 

50% 10 Average 

 
Composite Area Percentile 

Rank 
Composite Score 

(average range = 90-110) 
Descriptive Term 

Phonological 
Awareness 

1% 67 Very poor 

Rapid Naming  53% 
 

101 Average 

 
Goldman Fristoe Test of Articulation- Third Edition (GFTA-3) 

 

Subtest Percentile 
Rank 

Composite Score 
(average range = 86-114) 

Descriptive Term 

Sounds-in-Words  30% 92 Average 

Sounds-in-Sentences 61% 104 Average 

 
Bruininks-Oseretsky Test of Motor Proficiency- Second Edition (BOT-2) 

 
Short Form  Percentile 

Rank 
Composite Score 

(average range = 41-59) 
Descriptive Term 

Motor Proficiency  18% 41 Average 
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General Information 
Participant  21 
Date of Birth  9/15/15 
Chronological Age  5;7 
Sex  Female 
Test Date  4/22/21 

 

Comprehensive Test of Phonological Processing- Second Edition (CTOPP-2) 
 

Subtest Percentile 
Rank 

Scaled Score 
(average range = 8-12) 

Descriptive Term 

Elision 5% 5 Poor 

Blending Words 1% 3 Very Poor 

Sound 
Matching  

16% 7 Below Average 

Rapid Digit 
Naming 

37% 9 Average 

Rapid Letter 
Naming 

50% 10 Average 

 
Composite Area Percentile 

Rank 
Composite Score 

(average range = 90-110) 
Descriptive Term 

Phonological 
Awareness 

2% 69 Very Poor 

Rapid Naming  45% 
 

98 Average 

 
Goldman Fristoe Test of Articulation- Third Edition (GFTA-3) 

 

Subtest Percentile 
Rank 

Composite Score 
(average range = 86-114) 

Descriptive Term 

Sounds-in-Words  16% 85 Below Average 

Sounds-in-Sentences 30% 92 Average 

 
Bruininks-Oseretsky Test of Motor Proficiency- Second Edition (BOT-2) 

 
Short Form  Percentile 

Rank 
Composite Score 

(average range = 41-59) 
Descriptive Term 

Motor Proficiency  46% 49 Average 
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General Information 
Participant  22 
Date of Birth  11/11/16 
Chronological Age  4;5 
Sex  Female 
Test Date  4/27/21 

 

Comprehensive Test of Phonological Processing- Second Edition (CTOPP-2) 
 

Subtest Percentile 
Rank 

Scaled Score 
(average range = 8-12) 

Descriptive Term 

Elision 16% 7 Below Average 

Blending Words 37% 9 Average 

Sound 
Matching  

9% 6 Below Average 

Rapid Color 
Naming 

<1% 2 Very Poor 

Rapid Object  
Naming 

<1% 2 Very Poor 

 
Composite Area Percentile 

Rank 
Composite Score 

(average range = 90-110) 
Descriptive Term 

Phonological 
Awareness 

14% 84 Below Average 

Rapid Naming  4% 52 
 

Very Poor 

 
Goldman Fristoe Test of Articulation- Third Edition (GFTA-3) 

 

Subtest Percentile 
Rank 

Composite Score 
(average range = 86-114) 

Descriptive Term 

Sounds-in-Words  7% 78 Borderline 

Sounds-in-Sentences 21% 88 Average 

 

Bruininks-Oseretsky Test of Motor Proficiency- Second Edition (BOT-2) 
 

Short Form  Percentile 
Rank 

Composite Score 
(average range = 41-59) 

Descriptive Term 

Motor Proficiency  8% 36 Below Average 
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General Information 
Participant  23 
Date of Birth  3/31/15 
Chronological Age  6;0 
Sex  Male 
Test Date  4/15/21 

 

Comprehensive Test of Phonological Processing- Second Edition (CTOPP-2) 
 

Subtest Percentile 
Rank 

Scaled Score 
(average range = 8-12) 

Descriptive Term 

Elision 50% 10 Average 

Blending Words 37% 9 Average 

Sound 
Matching  

84% 13 Above Average 

Rapid Digit 
Naming 

63% 11 Average 

Rapid Letter 
Naming 

63% 11 Average 

 
Composite Area Percentile 

Rank 
Composite Score 

(average range = 90-110) 
Descriptive Term 

Phonological 
Awareness 

63% 105 Average 

Rapid Naming  68% 
 

107 Average 

 
Goldman Fristoe Test of Articulation- Third Edition (GFTA-3) 

 

Subtest Percentile 
Rank 

Composite Score 
(average range = 86-114) 

Descriptive Term 

Sounds-in-Words  88% 118 Above Average 

Sounds-in-Sentences 87% 117 Above Average 

 

Bruininks-Oseretsky Test of Motor Proficiency- Second Edition (BOT-2) 
 

Short Form  Percentile 
Rank 

Composite Score 
(average range = 41-59) 

Descriptive Term 

Motor Proficiency  76% 57 Average 
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General Information 
Participant  24 
Date of Birth  12/27/16 
Chronological Age  4;3 
Sex  Female 
Test Date  4/15/21 

 

Comprehensive Test of Phonological Processing- Second Edition (CTOPP-2) 
 

Subtest Percentile 
Rank 

Scaled Score 
(average range = 8-12) 

Descriptive Term 

Elision 84% 13 Above Average 

Blending Words 84% 13 Above Average 

Sound 
Matching  

75% 12 Average 

Rapid Color 
Naming 

16% 7 Below Average 

Rapid Object 
Naming 

5% 5 Poor 

 
Composite Area Percentile 

Rank 
Composite Score 

(average range = 90-110) 
Descriptive Term 

Phonological 
Awareness 

89% 118 Above Average 

Rapid Naming  5% 
 

76 Poor 

 
Goldman Fristoe Test of Articulation- Third Edition (GFTA-3) 

 

Subtest Percentile 
Rank 

Composite Score 
(average range = 86-114) 

Descriptive Term 

Sounds-in-Words  61% 104 Average 

Sounds-in-Sentences 77% 111 Average 

 

Bruininks-Oseretsky Test of Motor Proficiency- Second Edition (BOT-2) 
 

Short Form  Percentile 
Rank 

Composite Score 
(average range = 41-59) 

Descriptive Term 

Motor Proficiency  73% 56 Average 
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General Information 
Participant  25 
Date of Birth  9/18/15 
Chronological Age  5;7 
Sex  Male  
Test Date  4/20/21 

 

Comprehensive Test of Phonological Processing- Second Edition (CTOPP-2) 
 

Subtest Percentile 
Rank 

Scaled Score 
(average range = 8-12) 

Descriptive Term 

Elision 2% 4 Poor 

Blending Words 5% 5 Poor 

Sound 
Matching  

9% 6 Below Average 

Rapid Digit 
Naming 

1% 3 Very Poor 

Rapid Letter 
Naming 

<1% 2 Very Poor  

 
Composite Area Percentile 

Rank 
Composite Score 

(average range = 90-110) 
Descriptive Term 

Phonological 
Awareness 

2% 69 Very Poor 

Rapid Naming  <1% 
 

55 Very Poor 

 
Goldman Fristoe Test of Articulation- Third Edition (GFTA-3) 

 

Subtest Percentile 
Rank 

Composite Score 
(average range = 86-114) 

Descriptive Term 

Sounds-in-Words  21% 88 Average 

Sounds-in-Sentences 39% 96 Average 

 

Bruininks-Oseretsky Test of Motor Proficiency- Second Edition (BOT-2) 
 

Short Form  Percentile 
Rank 

Composite Score 
(average range = 41-59) 

Descriptive Term 

Motor Proficiency  12% 38 Below Average 
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General Information 
Participant  26 
Date of Birth  2/4/16 
Chronological Age  5;2 
Sex  Female 
Test Date  4/20/21 

 

Comprehensive Test of Phonological Processing- Second Edition (CTOPP-2) 
 

Subtest Percentile 
Rank 

Scaled Score 
(average range = 8-12) 

Descriptive Term 

Elision 5% 5 Poor 

Blending Words 2% 4 Poor 

Sound 
Matching  

37% 9 Average 

Rapid Color 
Naming 

9% 6 Below Average 

Rapid Object 
Naming 

16% 7 Below Average  

 
Composite Area Percentile 

Rank 
Composite Score 

(average range = 90-110) 
Descriptive Term 

Phonological 
Awareness 

5% 75 Poor 

Rapid Naming  8% 
 

79 Poor 

 
Goldman Fristoe Test of Articulation- Third Edition (GFTA-3) 

 

Subtest Percentile 
Rank 

Composite Score 
(average range = 86-114) 

Descriptive Term 

Sounds-in-Words  50% 100 Average 

Sounds-in-Sentences 58% 103 Average 

 

Bruininks-Oseretsky Test of Motor Proficiency- Second Edition (BOT-2) 
 

Short Form  Percentile 
Rank 

Composite Score 
(average range = 41-59) 

Descriptive Term 

Motor Proficiency  69% 55 Average 
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General Information 
Participant  27 
Date of Birth  3/21/16 
Chronological Age  5;0 
Sex  Female 
Test Date  4/20/21 

 

Comprehensive Test of Phonological Processing- Second Edition (CTOPP-2) 
 

Subtest Percentile 
Rank 

Scaled Score 
(average range = 8-12) 

Descriptive Term 

Elision 5% 5 Poor 

Blending Words 5% 5 Poor 

Sound 
Matching  

9% 6 Below Average 

Rapid Color 
Naming 

<1% 1 Very Poor 

Rapid Object 
Naming 

16% 7 Below Average  

 
Composite Area Percentile 

Rank 
Composite Score 

(average range = 90-110) 
Descriptive Term 

Phonological 
Awareness 

3% 71 Poor 

Rapid Naming  
 

1% 64 Very Poor 

 
Goldman Fristoe Test of Articulation- Third Edition (GFTA-3) 

 

Subtest Percentile 
Rank 

Composite Score 
(average range = 86-114) 

Descriptive Term 

Sounds-in-Words  % 96 Average 

Sounds-in-Sentences % 105 Average 

 

Bruininks-Oseretsky Test of Motor Proficiency- Second Edition (BOT-2) 
 

Short Form  Percentile 
Rank 

Composite Score 
(average range = 41-59) 

Descriptive Term 

Motor Proficiency  79% 58 Average 
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General Information 
Participant  28 
Date of Birth  9/29/16 
Chronological Age  4;6 
Sex  Female  
Test Date  4/20/21 

 

Comprehensive Test of Phonological Processing- Second Edition (CTOPP-2) 
 

Subtest Percentile 
Rank 

Scaled Score 
(average range = 8-12) 

Descriptive Term 

Elision 16% 7 Below Average 

Blending Words 9% 6 Below Average 

Sound 
Matching  

9% 6 Below Average 

Rapid Color 
Naming 

25% 8 Average 

Rapid Object 
Naming 

16% 7 Below Average 

 
Composite Area Percentile 

Rank 
Composite Score 

(average range = 90-110) 
Descriptive Term 

Phonological 
Awareness 

6% 77 Poor 

Rapid Naming  16% 85 
 

Below Average 

 
Goldman Fristoe Test of Articulation- Third Edition (GFTA-3) 

 

Subtest Percentile 
Rank 

Composite Score 
(average range = 86-114) 

Descriptive Term 

Sounds-in-Words  34% 94 Average 

Sounds-in-Sentences 73% 109 Average 

 

Bruininks-Oseretsky Test of Motor Proficiency- Second Edition (BOT-2) 
 

Short Form  Percentile 
Rank 

Composite Score 
(average range = 41-59) 

Descriptive Term 

Motor Proficiency  58% 52 Average 



 
123 

General Information 
Participant  29 
Date of Birth  11/10/16 
Chronological Age  4;5 
Sex  Male 
Test Date  4/20/21 

 

Comprehensive Test of Phonological Processing- Second Edition (CTOPP-2) 
 

Subtest Percentile 
Rank 

Scaled Score 
(average range = 8-12) 

Descriptive Term 

Elision 16% 7 Below Average 

Blending Words 50% 10 Average 

Sound 
Matching  

50% 10 Average 

Rapid Color 
Naming 

75% 12 Average 

Rapid Object 
Naming 

84% 13 Above Average 

 
Composite Area Percentile 

Rank 
Composite Score 

(average range = 90-110) 
Descriptive Term 

Phonological 
Awareness 

35% 94 Average 

Rapid Naming  84% 116 
 

Above Average 

 
Goldman Fristoe Test of Articulation- Third Edition (GFTA-3) 

 

Subtest Percentile 
Rank 

Composite Score 
(average range = 86-114) 

Descriptive Term 

Sounds-in-Words  42% 97 Average 

Sounds-in-Sentences 58% 103 Average 

 

Bruininks-Oseretsky Test of Motor Proficiency- Second Edition (BOT-2) 
 

Short Form  Percentile 
Rank 

Composite Score 
(average range = 41-59) 

Descriptive Term 

Motor Proficiency  62% 53 Average 
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General Information 
Participant  30 
Date of Birth  12/11/15 
Chronological Age  5;4 
Sex  Male 
Test Date  4/20/21 

 

Comprehensive Test of Phonological Processing- Second Edition (CTOPP-2) 
 

Subtest Percentile 
Rank 

Scaled Score 
(average range = 8-12) 

Descriptive Term 

Elision 5% 5 Poor 

Blending Words 2% 4 Poor 

Sound 
Matching  

25% 8 Average 

Rapid Color 
Naming 

1% 1 Very Poor 

Rapid Object 
Naming 

<1% 1 Very Poor 

 
Composite Area Percentile 

Rank 
Composite Score 

(average range = 90-110) 
Descriptive Term 

Phonological 
Awareness 

3% 73 Poor 

Rapid Naming  <1% 46 
 

Very Poor 

 
Goldman Fristoe Test of Articulation- Third Edition (GFTA-3) 

Subtest Percentile 
Rank 

Composite Score 
(average range = 86-114) 

Descriptive Term 

Sounds-in-Words  58% 103 Average 

Sounds-in-Sentences 75% 110 Average 

 
Bruininks-Oseretsky Test of Motor Proficiency- Second Edition (BOT-2) 

 
Short Form  Percentile 

Rank 
Composite Score 

(average range = 41-59) 
Descriptive Term 

Motor Proficiency  21% 42 Average 
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General Information 
Participant  31 
Date of Birth  1/10/17 
Chronological Age  4;3 
Sex  Female  
Test Date  4/27/21 

 

Comprehensive Test of Phonological Processing- Second Edition (CTOPP-2) 
 

Subtest Percentile 
Rank 

Scaled Score 
(average range = 8-12) 

Descriptive Term 

Elision 25% 8 Average 

Blending Words 16% 7 Below Average 

Sound 
Matching  

37% 9 Average 

Rapid Color 
Naming 

16% 7 Below Average 

Rapid Object 
Naming 

63% 11 Average 

 
Composite Area Percentile 

Rank 
Composite Score 

(average range = 90-110) 
Descriptive Term 

Phonological 
Awareness 

21% 88 Below Average 

Rapid Naming  37% 95 
 

Average 

 
Goldman Fristoe Test of Articulation- Third Edition (GFTA-3) 

 

Subtest Percentile 
Rank 

Composite Score 
(average range = 86-114) 

Descriptive Term 

Sounds-in-Words  87% 117 Above Average 

Sounds-in-Sentences 96% 126 Above Average  

 

Bruininks-Oseretsky Test of Motor Proficiency- Second Edition (BOT-2) 
 

Short Form  Percentile 
Rank 

Composite Score 
(average range = 41-59) 

Descriptive Term 

Motor Proficiency  86% 61 Above Average 
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General Information 
Participant  32 
Date of Birth  4/7/16 
Chronological Age  5;0 
Sex  Female 
Test Date  4/27/21 

 

Comprehensive Test of Phonological Processing- Second Edition (CTOPP-2) 
 

Subtest Percentile 
Rank 

Scaled Score 
(average range = 8-12) 

Descriptive Term 

Elision 5% 5 Poor 

Blending Words 5% 5 Poor 

Sound 
Matching  

5% 5 Poor 

Rapid Color 
Naming 

<1% 1 Very Poor 

Rapid Object 
Naming 

1% 3 Very Poor  

 
Composite Area Percentile 

Rank 
Composite Score 

(average range = 90-110) 
Descriptive Term 

Phonological 
Awareness 

2% 69 Very Poor 

Rapid Naming  <1% 52 
 

Very Poor  

 
Goldman Fristoe Test of Articulation- Third Edition (GFTA-3) 

 

Subtest Percentile 
Rank 

Composite Score 
(average range = 86-114) 

Descriptive Term 

Sounds-in-Words  23% 89 Average 

Sounds-in-Sentences 53% 101 Average 

 

Bruininks-Oseretsky Test of Motor Proficiency- Second Edition (BOT-2) 
 

Short Form  Percentile 
Rank 

Composite Score 
(average range = 41-59) 

Descriptive Term 

Motor Proficiency  35% 46 Average 
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General Information 
Participant  33 
Date of Birth  2/18/16 
Chronological Age  5;2 
Sex  Male 
Test Date  4/27/21 

 

Comprehensive Test of Phonological Processing- Second Edition (CTOPP-2) 
 

Subtest Percentile 
Rank 

Scaled Score 
(average range = 8-12) 

Descriptive Term 

Elision 37% 9 Average 

Blending Words 2% 4 Poor 

Sound 
Matching  

37% 9 Average 

Rapid Digit 
Naming 

50% 10 Average 

Rapid Letter 
Naming 

50% 10 Average 

 
Composite Area Percentile 

Rank 
Composite Score 

(average range = 90-110) 
Descriptive Term 

Phonological 
Awareness 

14% 84 Below Average 

Rapid Naming  53% 101 
 

Average 

 
Goldman Fristoe Test of Articulation- Third Edition (GFTA-3) 

 

Subtest Percentile 
Rank 

Composite Score 
(average range = 86-114) 

Descriptive Term 

Sounds-in-Words  23% 89 Average 

Sounds-in-Sentences 68% 107 Average 

 

Bruininks-Oseretsky Test of Motor Proficiency- Second Edition (BOT-2) 
 

Short Form  Percentile 
Rank 

Composite Score 
(average range = 41-59) 

Descriptive Term 

Motor Proficiency  46% 49 Average 
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General Information 
Participant  34 
Date of Birth  3/1/16 
Chronological Age  5;1 
Sex  Male 
Test Date  4/27/21 

 

Comprehensive Test of Phonological Processing- Second Edition (CTOPP-2) 
 

Subtest Percentile 
Rank 

Scaled Score 
(average range = 8-12) 

Descriptive Term 

Elision 50% 10 Average 

Blending Words 16% 7 Below Average 

Sound 
Matching  

16% 7 Below Average 

Rapid Digit 
Naming 

50% 10 Average 

Rapid Letter 
Naming 

50% 10 Average 

 
Composite Area Percentile 

Rank 
Composite Score 

(average range = 90-110) 
Descriptive Term 

Phonological 
Awareness 

21% 88 Below Average 

Rapid Naming  53% 101 
 

Average 

 
Goldman Fristoe Test of Articulation- Third Edition (GFTA-3) 

 

Subtest Percentile 
Rank 

Composite Score 
(average range = 86-114) 

Descriptive Term 

Sounds-in-Words  45% 98 Average 

Sounds-in-Sentences 73% 109 Average 

 

Bruininks-Oseretsky Test of Motor Proficiency- Second Edition (BOT-2) 
 

Short Form  Percentile 
Rank 

Composite Score 
(average range = 41-59) 

Descriptive Term 

Motor Proficiency  54% 51 Average 
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General Information 
Participant  35 
Date of Birth  1/29/16 
Chronological Age  5;2 
Sex  Male 
Test Date  4/22/21 

 

Comprehensive Test of Phonological Processing- Second Edition (CTOPP-2) 
 

Subtest Percentile 
Rank 

Scaled Score 
(average range = 8-12) 

Descriptive Term 

Elision 5% 5 Poor 

Blending Words 2% 4 Poor 

Sound 
Matching  

25% 8 Average 

Rapid Color 
Naming 

9% 6 Below Average 

Rapid Object 
Naming 

63% 11 Average 

 
Composite Area Percentile 

Rank 
Composite Score 

(average range = 90-110) 
Descriptive Term 

Phonological 
Awareness 

3% 73 Poor 

Rapid Naming  30% 92 
 

Average 

 
Goldman Fristoe Test of Articulation- Third Edition (GFTA-3) 

 

Subtest Percentile 
Rank 

Composite Score 
(average range = 86-114) 

Descriptive Term 

Sounds-in-Words  19% 87 Average 

Sounds-in-Sentences 53% 101 Average 

 

Bruininks-Oseretsky Test of Motor Proficiency- Second Edition (BOT-2) 
 

Short Form  Percentile 
Rank 

Composite Score 
(average range = 41-59) 

Descriptive Term 

Motor Proficiency  21% 42 Average 
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General Information 
Participant  36 
Date of Birth  9/25/15 
Chronological Age  5;6 
Sex  Male 
Test Date  4/22/21 

 

Comprehensive Test of Phonological Processing- Second Edition (CTOPP-2) 
 

Subtest Percentile 
Rank 

Scaled Score 
(average range = 8-12) 

Descriptive Term 

Elision 2% 4 Poor 

Blending Words 1% 3 Very Poor 

Sound 
Matching  

2% 4 Poor 

Rapid Color 
Naming 

9% 6 Below Average 

Rapid Object 
Naming 

50% 10 Average 

 
Composite Area Percentile 

Rank 
Composite Score 

(average range = 90-110) 
Descriptive Term 

Phonological 
Awareness 

<1% 60 Very Poor 

Rapid Naming  21% 88 
 

Below Average 

 
Goldman Fristoe Test of Articulation- Third Edition (GFTA-3) 

 

Subtest Percentile 
Rank 

Composite Score 
(average range = 86-114) 

Descriptive Term 

Sounds-in-Words  39% 96 Average 

Sounds-in-Sentences 30% 92 Average 

 

Bruininks-Oseretsky Test of Motor Proficiency- Second Edition (BOT-2) 
 

Short Form  Percentile 
Rank 

Composite Score 
(average range = 41-59) 

Descriptive Term 

Motor Proficiency  58% 52 Average 
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General Information 
Participant  37 
Date of Birth  9/14/15 
Chronological Age  5;7 
Sex  Male 
Test Date  4/22/21 

 

Comprehensive Test of Phonological Processing- Second Edition (CTOPP-2) 
 

Subtest Percentile 
Rank 

Scaled Score 
(average range = 8-12) 

Descriptive Term 

Elision 2% 4 Poor 

Blending Words 2% 4 Poor 
 

Sound 
Matching  

9% 6 Below Average 

Rapid Color 
Naming 

<1% 1 Very Poor 

Rapid Object 
Naming 

<1% 1 Very Poor 

 
Composite Area Percentile 

Rank 
Composite Score 

(average range = 90-110) 
Descriptive Term 

Phonological 
Awareness 

1% 67 Very Poor 

Rapid Naming  <1% 46 Very Poor 
 

 
Goldman Fristoe Test of Articulation- Third Edition (GFTA-3) 

 

Subtest Percentile 
Rank 

Composite Score 
(average range = 86-114) 

Descriptive Term 

Sounds-in-Words  50% 100 Average 

Sounds-in-Sentences 53% 101 Average 

 

Bruininks-Oseretsky Test of Motor Proficiency- Second Edition (BOT-2) 
 

Short Form  Percentile 
Rank 

Composite Score 
(average range = 41-59) 

Descriptive Term 

Motor Proficiency  35% 46 Average 
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General Information 
Participant  38 
Date of Birth  11/17/15 
Chronological Age  5;5 
Sex  Male 
Test Date  4/22/21 

 

Comprehensive Test of Phonological Processing- Second Edition (CTOPP-2) 
 

Subtest Percentile 
Rank 

Scaled Score 
(average range = 8-12) 

Descriptive Term 

Elision 37% 9 Average 

Blending Words 5% 5 Poor 

Sound 
Matching  

37% 9 Average 

Rapid Digit 
Naming 

75% 12 Average 

Rapid Letter 
Naming 

63% 11 Average 

 
Composite Area Percentile 

Rank 
Composite Score 

(average range = 90-110) 
Descriptive Term 

Phonological 
Awareness 

18% 86 Below Average  

Rapid Naming  75% 110 
 

Average 

 
Goldman Fristoe Test of Articulation- Third Edition (GFTA-3) 

 

Subtest Percentile 
Rank 

Composite Score 
(average range = 86-114) 

Descriptive Term 

Sounds-in-Words  63% 105 Average 

Sounds-in-Sentences 75% 110 Average 

 

Bruininks-Oseretsky Test of Motor Proficiency- Second Edition (BOT-2) 
 

Short Form  Percentile 
Rank 

Composite Score 
(average range = 41-59) 

Descriptive Term 

Motor Proficiency  89% 62 Above Average 
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General Information 
Participant  39 
Date of Birth  3/22/15 
Chronological Age  6;1 
Sex  Female 
Test Date  5/17/21 

 

Comprehensive Test of Phonological Processing- Second Edition (CTOPP-2) 
 

Subtest Percentile 
Rank 

Scaled Score 
(average range = 8-12) 

Descriptive Term 

Elision 37% 9 Average 

Blending Words 50% 10 Average 

Sound 
Matching  

84% 13 Above Average 

Rapid Digit  
Naming 

63% 11 Average 

Rapid Letter  
Naming 

63% 11 Average 

 
Composite Area Percentile 

Rank 
Composite Score 

(average range = 90-110) 
Descriptive Term 

Phonological 
Awareness 

63% 105 Average 

Rapid Naming  68% 107 
 

Average 

 
Goldman Fristoe Test of Articulation- Third Edition (GFTA-3) 

 

Subtest Percentile 
Rank 

Composite Score 
(average range = 86-114) 

Descriptive Term 

Sounds-in-Words  73% 109 Average 

Sounds-in-Sentences 73% 109 Average 

 

Bruininks-Oseretsky Test of Motor Proficiency- Second Edition (BOT-2) 
 

Short Form  Percentile 
Rank 

Composite Score 
(average range = 41-59) 

Descriptive Term 

Motor Proficiency  16% 40 Below Average 
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General Information 
Participant  40 
Date of Birth  8/16/13 
Chronological Age  7;9 
Sex  Female 
Test Date  5/17/21 

 

Comprehensive Test of Phonological Processing- Second Edition (CTOPP-2) 
 

Subtest Percentile 
Rank 

Scaled Score 
(average range = 8-12) 

Descriptive Term 

Elision 16% 7 Below Average 

Blending Words 16% 7 Below Average 

Phoneme 
Isolation   

25% 8 Average 

Rapid Digit 
Naming 

50% 10 Average 

Rapid Letter 
Naming 

37% 9 Average 

 
Composite Area Percentile 

Rank 
Composite Score 

(average range = 90-110) 
Descriptive Term 

Phonological 
Awareness 

14% 84 Below Average 

Rapid Naming  45% 98 
 

Average 

 
Goldman Fristoe Test of Articulation- Third Edition (GFTA-3) 

 

Subtest Percentile 
Rank 

Composite Score 
(average range = 86-114) 

Descriptive Term 

Sounds-in-Words  79% 112 Average 

Sounds-in-Sentences 87% 117 Above Average 

 

Bruininks-Oseretsky Test of Motor Proficiency- Second Edition (BOT-2) 
 

Short Form  Percentile 
Rank 

Composite Score 
(average range = 41-59) 

Descriptive Term 

Motor Proficiency  66% 54 Average 
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General Information 
Participant  41 
Date of Birth  8/22/16 
Chronological Age  4;8 
Sex  Female 
Test Date  4/22/21 

 

Comprehensive Test of Phonological Processing- Second Edition (CTOPP-2) 
 

Subtest Percentile 
Rank 

Scaled Score 
(average range = 8-12) 

Descriptive Term 

Elision 9% 6 Below Average 

Blending Words 9% 6 Below Average 

Sound 
Matching  

5% 5 Poor 

Rapid Color 
Naming 

50% 10 Average 

Rapid Object 
Naming 

63% 11 Average 

 
Composite Area Percentile 

Rank 
Composite Score 

(average range = 90-110) 
Descriptive Term 

Phonological 
Awareness 

3% 73 Poor 

Rapid Naming  61% 104 
 

Average 

 
Goldman Fristoe Test of Articulation- Third Edition (GFTA-3) 

 

Subtest Percentile 
Rank 

Composite Score 
(average range = 86-114) 

Descriptive Term 

Sounds-in-Words  58% 103 Average 

Sounds-in-Sentences 77% 111 Average 

 

Bruininks-Oseretsky Test of Motor Proficiency- Second Edition (BOT-2) 
 

Short Form  Percentile 
Rank 

Composite Score 
(average range = 41-59) 

Descriptive Term 

Motor Proficiency  58% 52 Average 
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General Information 
Participant  42 
Date of Birth  3/4/14 
Chronological Age  7;2 
Sex  Female 
Test Date  5/6/21 

 

Comprehensive Test of Phonological Processing- Second Edition (CTOPP-2) 
 

Subtest Percentile 
Rank 

Scaled Score 
(average range = 8-12) 

Descriptive Term 

Elision 25% 8 Average 

Blending Words 25% 8 Average 

Phoneme  
Isolation   

9% 6 Below Average 

Rapid Digit  
Naming 

63% 11 Average 

Rapid Letter 
Naming 

63% 11 Average 

 
Composite Area Percentile 

Rank 
Composite Score 

(average range = 90-110) 
Descriptive Term 

Phonological 
Awareness 

14% 84 Below Average 

Rapid Naming  68% 107 
 

Average 

 
Goldman Fristoe Test of Articulation- Third Edition (GFTA-3) 

 

Subtest Percentile 
Rank 

Composite Score 
(average range = 86-114) 

Descriptive Term 

Sounds-in-Words  61% 104 Average 

Sounds-in-Sentences 79% 112 Average 

 

Bruininks-Oseretsky Test of Motor Proficiency- Second Edition (BOT-2) 
 

Short Form  Percentile 
Rank 

Composite Score 
(average range = 41-59) 

Descriptive Term 

Motor Proficiency  50% 50 Average 
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General Information 
Participant  43 
Date of Birth  10/24/15 
Chronological Age  5;6 
Sex  Male 
Test Date  5/10/21 

 

Comprehensive Test of Phonological Processing- Second Edition (CTOPP-2) 
 

Subtest Percentile 
Rank 

Scaled Score 
(average range = 8-12) 

Descriptive Term 

Elision 2% 4 Poor 

Blending Words 9% 6 Below Average 

Sound 
Matching  

1% 3 Very Poor 

Rapid Color 
Naming 

16% 7 Below Average 

Rapid Object 
Naming 

2% 4 Poor 

 
Composite Area Percentile 

Rank 
Composite Score 

(average range = 90-110) 
Descriptive Term 

Phonological 
Awareness 

1% 65 Very Poor 

Rapid Naming  3% 73 
 

Poor 

 
Goldman Fristoe Test of Articulation- Third Edition (GFTA-3) 

 

Subtest Percentile 
Rank 

Composite Score 
(average range = 86-114) 

Descriptive Term 

Sounds-in-Words  % 79 Borderline  

Sounds-in-Sentences % 85 Below Average 

 

Bruininks-Oseretsky Test of Motor Proficiency- Second Edition (BOT-2) 
 

Short Form  Percentile 
Rank 

Composite Score 
(average range = 41-59) 

Descriptive Term 

Motor Proficiency  12% 38 Below Average 
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General Information 
Participant  44 
Date of Birth  12/5/15 
Chronological Age  5;5 
Sex  Male 
Test Date  5/11/21 

 

Comprehensive Test of Phonological Processing- Second Edition (CTOPP-2) 
 

Subtest Percentile 
Rank 

Scaled Score 
(average range = 8-12) 

Descriptive Term 

Elision 50% 10 Average 

Blending Words 25% 8 Average 

Sound 
Matching  

37% 9 Average 

Rapid Color 
Naming 

9% 6 Below Average 

Rapid Object 
Naming 

5% 5 Poor 

 
Composite Area Percentile 

Rank 
Composite Score 

(average range = 90-110) 
Descriptive Term 

Phonological 
Awareness 

35% 94 Average 

Rapid Naming  3% 73 
 

Poor 

 
Goldman Fristoe Test of Articulation- Third Edition (GFTA-3) 

 

Subtest Percentile 
Rank 

Composite Score 
(average range = 86-114) 

Descriptive Term 

Sounds-in-Words  27% 91 Average 

Sounds-in-Sentences 42% 97 Average 

 

Bruininks-Oseretsky Test of Motor Proficiency- Second Edition (BOT-2) 
 

Short Form  Percentile 
Rank 

Composite Score 
(average range = 41-59) 

Descriptive Term 

Motor Proficiency  46% 49 Average 
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General Information 
Participant  45 
Date of Birth  1/24/15 
Chronological Age  6;3 
Sex  Male 
Test Date  5/11/21 

 

Comprehensive Test of Phonological Processing- Second Edition (CTOPP-2) 
 

Subtest Percentile 
Rank 

Scaled Score 
(average range = 8-12) 

Descriptive Term 

Elision 50% 10 Average 

Blending Words 25% 8 Average 

Sound 
Matching  

5% 5 Poor 

Rapid Digit 
Naming 

50% 10 Average 

Rapid Letter 
Naming 

50% 10 Average 

 
Composite Area Percentile 

Rank 
Composite Score 

(average range = 90-110) 
Descriptive Term 

Phonological 
Awareness 

18% 86 Below Average 

Rapid Naming  53% 101 
 

Average 

 
Goldman Fristoe Test of Articulation- Third Edition (GFTA-3) 

 

Subtest Percentile 
Rank 

Composite Score 
(average range = 86-114) 

Descriptive Term 

Sounds-in-Words  18% 86 Average 

Sounds-in-Sentences 53% 101 Average 

 

Bruininks-Oseretsky Test of Motor Proficiency- Second Edition (BOT-2) 
 

Short Form  Percentile 
Rank 

Composite Score 
(average range = 41-59) 

Descriptive Term 

Motor Proficiency  18% 41 Average 
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General Information 
Participant  46 
Date of Birth  5/13/13 
Chronological Age  7;11 
Sex  Male 
Test Date  5/12/21 

 

Comprehensive Test of Phonological Processing- Second Edition (CTOPP-2) 
 

Subtest Percentile 
Rank 

Scaled Score 
(average range = 8-12) 

Descriptive Term 

Elision 63% 11 Average 

Blending Words 25% 8 Average 

Phoneme  
Isolation   

75% 12 Average 

Rapid Digit  
Naming 

25% 8 Average 

Rapid Letter 
Naming 

25% 8 Average 

 
Composite Area Percentile 

Rank 
Composite Score 

(average range = 90-110) 
Descriptive Term 

Phonological 
Awareness 

58% 103 Average 

Rapid Naming  21% 88 
 

Average 

 
Goldman Fristoe Test of Articulation- Third Edition (GFTA-3) 

 

Subtest Percentile 
Rank 

Composite Score 
(average range = 86-114) 

Descriptive Term 

Sounds-in-Words  2% 70 Severe 

Sounds-in-Sentences 21% 88 Average 

 

Bruininks-Oseretsky Test of Motor Proficiency- Second Edition (BOT-2) 
 

Short Form  Percentile 
Rank 

Composite Score 
(average range = 41-59) 

Descriptive Term 

Motor Proficiency  50% 50 Average 
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General Information 
Participant  47 
Date of Birth  3/7/16 
Chronological Age  5;2 
Sex  Female 
Test Date  5/14/21 

 

Comprehensive Test of Phonological Processing- Second Edition (CTOPP-2) 
 

Subtest Percentile 
Rank 

Scaled Score 
(average range = 8-12) 

Descriptive Term 

Elision 50% 10 Average 

Blending Words 37% 9 Average 

Sound 
Matching  

25% 8 Average 

Rapid Digit 
Naming 

25% 8 Average 

Rapid Letter  
Naming 

50% 10 Average 

 
Composite Area Percentile 

Rank 
Composite Score 

(average range = 90-110) 
Descriptive Term 

Phonological 
Awareness 

35% 94 Average 

Rapid Naming  37% 95 
 

Average 

 
Goldman Fristoe Test of Articulation- Third Edition (GFTA-3) 

 

Subtest Percentile 
Rank 

Composite Score 
(average range = 86-114) 

Descriptive Term 

Sounds-in-Words  55% 102 Average 

Sounds-in-Sentences 63% 105 Average 

 

Bruininks-Oseretsky Test of Motor Proficiency- Second Edition (BOT-2) 
 

Short Form  Percentile 
Rank 

Composite Score 
(average range = 41-59) 

Descriptive Term 

Motor Proficiency  50% 50 Average 
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General Information 
Participant  48 
Date of Birth  8/16/16 
Chronological Age  4;8 
Sex  Female 
Test Date  5/14/21 

 

Comprehensive Test of Phonological Processing- Second Edition (CTOPP-2) 
 

Subtest Percentile 
Rank 

Scaled Score 
(average range = 8-12) 

Descriptive Term 

Elision 63% 11 Average 

Blending Words 9% 6 Below Average 

Sound 
Matching  

63% 11 Average 

Rapid Digit 
Naming 

63% 11 Average 

Rapid Letter 
Naming 

50% 10 Average 

 
Composite Area Percentile 

Rank 
Composite Score 

(average range = 90-110) 
Descriptive Term 

Phonological 
Awareness 

39% 96 Average 

Rapid Naming  61% 104 
 

Average 

 
Goldman Fristoe Test of Articulation- Third Edition (GFTA-3) 

 

Subtest Percentile 
Rank 

Composite Score 
(average range = 86-114) 

Descriptive Term 

Sounds-in-Words  18% 86 Average 

Sounds-in-Sentences 30% 92 Average 

 

Bruininks-Oseretsky Test of Motor Proficiency- Second Edition (BOT-2) 
 

Short Form  Percentile 
Rank 

Composite Score 
(average range = 41-59) 

Descriptive Term 

Motor Proficiency  58% 52 Average 
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General Information 
Participant  49 
Date of Birth  12/29/15 
Chronological Age  5;4 
Sex  Female 
Test Date  5/18/98 

 

Comprehensive Test of Phonological Processing- Second Edition (CTOPP-2) 
 

Subtest Percentile 
Rank 

Scaled Score 
(average range = 8-12) 

Descriptive Term 

Elision 50% 10 Average 

Blending Words 50% 10 Average 

Sound 
Matching  

63% 11 Average 

Rapid Digit  
Naming 

63% 11 Average 

Rapid Letter 
Naming 

75% 12 Average 

 
Composite Area Percentile 

Rank 
Composite Score 

(average range = 90-110) 
Descriptive Term 

Phonological 
Awareness 

58% 103 Average 

Rapid Naming  75% 110 
 

Average 

 
Goldman Fristoe Test of Articulation- Third Edition (GFTA-3) 

 

Subtest Percentile 
Rank 

Composite Score 
(average range = 86-114) 

Descriptive Term 

Sounds-in-Words  81% 113 Average 

Sounds-in-Sentences 68% 107 Average 

 

Bruininks-Oseretsky Test of Motor Proficiency- Second Edition (BOT-2) 
 

Short Form  Percentile 
Rank 

Composite Score 
(average range = 41-59) 

Descriptive Term 

Motor Proficiency  54% 5 Average 
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General Information 
Participant  50 
Date of Birth  12/29/15 
Chronological Age  5;4 
Sex  Male 
Test Date  5/18/98 

 

Comprehensive Test of Phonological Processing- Second Edition (CTOPP-2) 
 

Subtest Percentile 
Rank 

Scaled Score 
(average range = 8-12) 

Descriptive Term 

Elision 25% 8 Average 

Blending Words 25% 8 Average 

Sound 
Matching  

16% 7 Below Average 

Rapid Color 
Naming 

9% 6 Below Average 

Rapid Object 
Naming 

16% 7 Below Average  

 
Composite Area Percentile 

Rank 
Composite Score 

(average range = 90-110) 
Descriptive Term 

Phonological 
Awareness 

18% 86 Below Average 

Rapid Naming  8% 79 
 

Poor 

 
Goldman Fristoe Test of Articulation- Third Edition (GFTA-3) 

 

Subtest Percentile 
Rank 

Composite Score 
(average range = 86-114) 

Descriptive Term 

Sounds-in-Words  34% 94 Average 

Sounds-in-Sentences 30% 92 Average 

 

Bruininks-Oseretsky Test of Motor Proficiency- Second Edition (BOT-2) 
 

Short Form  Percentile 
Rank 

Composite Score 
(average range = 41-59) 

Descriptive Term 

Motor Proficiency  14% 39 Below Average 
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General Information 
Participant  51 
Date of Birth  7/29/16 
Chronological Age  4;9 
Sex  Female 
Test Date  5/19/21 

 

Comprehensive Test of Phonological Processing- Second Edition (CTOPP-2) 
 

Subtest Percentile 
Rank 

Scaled Score 
(average range = 8-12) 

Descriptive Term 

Elision 9% 6 Below Average 

Blending Words 5% 5 Poor 

Sound 
Matching  

5% 5 Poor 

Rapid Color 
Naming 

50% 10 Average 

Rapid Object 
Naming 

50% 10 Average 

 
Composite Area Percentile 

Rank 
Composite Score 

(average range = 90-110) 
Descriptive Term 

Phonological 
Awareness 

3% 71 Poor 

Rapid Naming  53% 101 
 

Average 

 
Goldman Fristoe Test of Articulation- Third Edition (GFTA-3) 

 

Subtest Percentile 
Rank 

Composite Score 
(average range = 86-114) 

Descriptive Term 

Sounds-in-Words  37% 95 Average 

Sounds-in-Sentences 25% 90 Average 

 

Bruininks-Oseretsky Test of Motor Proficiency- Second Edition (BOT-2) 
 

Short Form  Percentile 
Rank 

Composite Score 
(average range = 41-59) 

Descriptive Term 

Motor Proficiency  54% 51 Average 
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General Information 
Participant  52 
Date of Birth  1/11/16 
Chronological Age  5;4 
Sex  Male 
Test Date  5/19/21 

 

Comprehensive Test of Phonological Processing- Second Edition (CTOPP-2) 
 

Subtest Percentile 
Rank 

Scaled Score 
(average range = 8-12) 

Descriptive Term 

Elision 50% 10 Average 

Blending Words 25% 8 Average 

Sound 
Matching  

16% 7 Below Average 

Rapid Color 
Naming 

37% 9 Average 

Rapid Object 
Naming 

16% 7 Below Average 

 
Composite Area Percentile 

Rank 
Composite Score 

(average range = 90-110) 
Descriptive Term 

Phonological 
Awareness 

25% 90 Average 

Rapid Naming  21% 88 
 

Below Average 

 
Goldman Fristoe Test of Articulation- Third Edition (GFTA-3) 

 

Subtest Percentile 
Rank 

Composite Score 
(average range = 86-114) 

Descriptive Term 

Sounds-in-Words  1% 67 Severe 

Sounds-in-Sentences 16% 85 Below Average 

 

Bruininks-Oseretsky Test of Motor Proficiency- Second Edition (BOT-2) 
 

Short Form  Percentile 
Rank 

Composite Score 
(average range = 41-59) 

Descriptive Term 

Motor Proficiency  31% 45 Average 
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General Information 
Participant  53 
Date of Birth  7/22/13 
Chronological Age  7;10 
Sex  Female 
Test Date  5/26/21 

 

Comprehensive Test of Phonological Processing- Second Edition (CTOPP-2) 
 

Subtest Percentile 
Rank 

Scaled Score 
(average range = 8-12) 

Descriptive Term 

Elision 16% 7 Below Average 

Blending Words 37% 9 Average 

Phoneme  
Isolation  

25% 8 Average 

Rapid Digit 
Naming 

25% 8 Average 

Rapid Letter 
Naming 

37% 9 Average 

 
Composite Area Percentile 

Rank 
Composite Score 

(average range = 90-110) 
Descriptive Term 

Phonological 
Awareness 

21% 88 Below Average 

Rapid Naming  30% 92 
 

Average 

 
Goldman Fristoe Test of Articulation- Third Edition (GFTA-3) 

 

Subtest Percentile 
Rank 

Composite Score 
(average range = 86-114) 

Descriptive Term 

Sounds-in-Words  75% 110 Average 

Sounds-in-Sentences 86% 116 Above Average 

 

Bruininks-Oseretsky Test of Motor Proficiency- Second Edition (BOT-2) 
 

Short Form  Percentile 
Rank 

Composite Score 
(average range = 41-59) 

Descriptive Term 

Motor Proficiency  6% 34 Below Average 
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General Information 
Participant  54 
Date of Birth  3/10/15 
Chronological Age  6;2 
Sex  Female 
Test Date  3/27/21 

 

Comprehensive Test of Phonological Processing- Second Edition (CTOPP-2) 
 

Subtest Percentile 
Rank 

Scaled Score 
(average range = 8-12) 

Descriptive Term 

Elision 63% 11 Average 

Blending Words 9% 6  

Sound 
Matching  

63% 11 Average 

Rapid Digit 
Naming 

50% 10 Average 

Rapid Letter 
Naming 

50% 10 Average 

 
Composite Area Percentile 

Rank 
Composite Score 

(average range = 90-110) 
Descriptive Term 

Phonological 
Awareness 

39% 96 Average 

Rapid Naming  53% 101 
 

Average 

 
Goldman Fristoe Test of Articulation- Third Edition (GFTA-3) 

 

Subtest Percentile 
Rank 

Composite Score 
(average range = 86-114) 

Descriptive Term 

Sounds-in-Words  82% 114 Average 

Sounds-in-Sentences 81% 113 Average 

 

Bruininks-Oseretsky Test of Motor Proficiency- Second Edition (BOT-2) 
 

Short Form  Percentile 
Rank 

Composite Score 
(average range = 41-59) 

Descriptive Term 

Motor Proficiency  42% 48 Average 



 
149 

General Information 
Participant  55 
Date of Birth  5/19/17 
Chronological Age  4;0 
Sex  Female 
Test Date  5/27/21 

 

Comprehensive Test of Phonological Processing- Second Edition (CTOPP-2) 
 

Subtest Percentile 
Rank 

Scaled Score 
(average range = 8-12) 

Descriptive Term 

Elision 25% 8 Average 

Blending Words 37% 9 Average 

Sound 
Matching  

16% 7 Below Average 

Rapid Color 
Naming 

1% 1 Very Poor 

Rapid Object 
Naming 

1% 1 Very Poor 

 
Composite Area Percentile 

Rank 
Composite Score 

(average range = 90-110) 
Descriptive Term 

Phonological 
Awareness 

21% 88 Below Average 

Rapid Naming  <1% 46 
 

Poor 

 
Goldman Fristoe Test of Articulation- Third Edition (GFTA-3) 

 

Subtest Percentile 
Rank 

Composite Score 
(average range = 86-114) 

Descriptive Term 

Sounds-in-Words  19% 87 Average 

Sounds-in-Sentences 19% 87 Average 

 

Bruininks-Oseretsky Test of Motor Proficiency- Second Edition (BOT-2) 
 

Short Form  Percentile 
Rank 

Composite Score 
(average range = 41-59) 

Descriptive Term 

Motor Proficiency  14% 39 Below Average 
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General Information 
Participant  56 
Date of Birth  5/19/17 
Chronological Age  4;0 
Sex  Female 
Test Date  5/27/21 

 

Comprehensive Test of Phonological Processing- Second Edition (CTOPP-2) 
 

Subtest Percentile 
Rank 

Scaled Score 
(average range = 8-12) 

Descriptive Term 

Elision 25% 8 Average 

Blending Words 25% 8 Average 

Sound 
Matching  

37% 9 Average 

Rapid Color 
Naming 

1% 1 Very Poor 

Rapid Object 
Naming 

1% 1 Very Poor 

 
Composite Area Percentile 

Rank 
Composite Score 

(average range = 90-110) 
Descriptive Term 

Phonological 
Awareness 

25% 90 Average 

Rapid Naming  <1% 46 
 

Very Poor 

 
Goldman Fristoe Test of Articulation- Third Edition (GFTA-3) 

 

Subtest Percentile 
Rank 

Composite Score 
(average range = 86-114) 

Descriptive Term 

Sounds-in-Words  16% 85 Below Average 

Sounds-in-Sentences 14% 84 Below Average 

 

Bruininks-Oseretsky Test of Motor Proficiency- Second Edition (BOT-2) 
 

Short Form  Percentile 
Rank 

Composite Score 
(average range = 41-59) 

Descriptive Term 

Motor Proficiency  35% 46 Average 
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General Information 
Participant  57 
Date of Birth  9/27/15 
Chronological Age  5;7 
Sex  Female 
Test Date  5/26/21 

 

Comprehensive Test of Phonological Processing- Second Edition (CTOPP-2) 
 

Subtest Percentile 
Rank 

Scaled Score 
(average range = 8-12) 

Descriptive Term 

Elision 50% 10 Average 

Blending Words 37% 9 Average 

Sound 
Matching  

50% 10 Average 

Rapid Color 
Naming 

75% 12 Average 

Rapid Object 
Naming 

50% 10 Average 

 
Composite Area Percentile 

Rank 
Composite Score 

(average range = 90-110) 
Descriptive Term 

Phonological 
Awareness 

45% 98 Average 

Rapid Naming  68% 107 
 

Average 

 
Goldman Fristoe Test of Articulation- Third Edition (GFTA-3) 

 

Subtest Percentile 
Rank 

Composite Score 
(average range = 86-114) 

Descriptive Term 

Sounds-in-Words  70% 108 Average 

Sounds-in-Sentences 66% 106 Average 

 

Bruininks-Oseretsky Test of Motor Proficiency- Second Edition (BOT-2) 
 

Short Form  Percentile 
Rank 

Composite Score 
(average range = 41-59) 

Descriptive Term 

Motor Proficiency  58% 52 Average 
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General Information 
Participant  58 
Date of Birth  5/27/21 
Chronological Age  5;0 
Sex  Male 
Test Date  4/30/16 

 

Comprehensive Test of Phonological Processing- Second Edition (CTOPP-2) 
 

Subtest Percentile 
Rank 

Scaled Score 
(average range = 8-12) 

Descriptive Term 

Elision 5% 5 Poor 

Blending Words 5% 5 Poor 

Sound 
Matching  

63% 11 Average 

Rapid Color 
Naming 

2% 4 Poor 

Rapid Object 
Naming 

27% 9 Average 

 
Composite Area Percentile 

Rank 
Composite Score 

(average range = 90-110) 
Descriptive Term 

Phonological 
Awareness 

12% 82 Below Average 

Rapid Naming  8% 79 
 

Poor 

 
Goldman Fristoe Test of Articulation- Third Edition (GFTA-3) 

 

Subtest Percentile 
Rank 

Composite Score 
(average range = 86-114) 

Descriptive Term 

Sounds-in-Words  4% 73 Low 

Sounds-in-Sentences 6% 77 Low 

 

Bruininks-Oseretsky Test of Motor Proficiency- Second Edition (BOT-2) 
 

Short Form  Percentile 
Rank 

Composite Score 
(average range = 41-59) 

Descriptive Term 

Motor Proficiency  27% 44 Average 
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General Information 
Participant  59 
Date of Birth  6/28/13 
Chronological Age  7;11 
Sex  Female 
Test Date  5/28/21 

 

Comprehensive Test of Phonological Processing- Second Edition (CTOPP-2) 
 

Subtest Percentile 
Rank 

Scaled Score 
(average range = 8-12) 

Descriptive Term 

Elision 16% 7 Below Average 

Blending Words 50% 10 Average 

Phoneme  
Isolation   

50% 10 Average 

Rapid Digit 
Naming 

16% 7 Below Average 

Rapid Letter 
Naming 

9% 6 Below Average 

 
Composite Area Percentile 

Rank 
Composite Score 

(average range = 90-110) 
Descriptive Term 

Phonological 
Awareness 

35% 94 Average 

Rapid Naming  8% 79 
 

Poor 

 
Goldman Fristoe Test of Articulation- Third Edition (GFTA-3) 

 

Subtest Percentile 
Rank 

Composite Score 
(average range = 86-114) 

Descriptive Term 

Sounds-in-Words  75% 110 Average 

Sounds-in-Sentences 86% 116 Above Average 

 

Bruininks-Oseretsky Test of Motor Proficiency- Second Edition (BOT-2) 
 

Short Form  Percentile 
Rank 

Composite Score 
(average range = 41-59) 

Descriptive Term 

Motor Proficiency  46% 49 Average 
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General Information 
Participant  60 
Date of Birth  6/30/15 
Chronological Age  5;10 
Sex  Female 
Test Date  5/28/21 

 

Comprehensive Test of Phonological Processing- Second Edition (CTOPP-2) 
 

Subtest Percentile 
Rank 

Scaled Score 
(average range = 8-12) 

Descriptive Term 

Elision 50% 10 Average 

Blending Words 50% 10 Average 

Sound 
Matching  

50% 10 Average 

Rapid Color 
Naming 

2% 4 Poor 

Rapid Object 
Naming 

2% 4 Poor 

 
Composite Area Percentile 

Rank 
Composite Score 

(average range = 90-110) 
Descriptive Term 

Phonological 
Awareness 

50% 100 Average 

Rapid Naming  1% 64 
 

Very Poor 

 
Goldman Fristoe Test of Articulation- Third Edition (GFTA-3) 

 

Subtest Percentile 
Rank 

Composite Score 
(average range = 86-114) 

Descriptive Term 

Sounds-in-Words  86% 116 Above Average 

Sounds-in-Sentences 82% 114 Average 

 

Bruininks-Oseretsky Test of Motor Proficiency- Second Edition (BOT-2) 
 

Short Form  Percentile 
Rank 

Composite Score 
(average range = 41-59) 

Descriptive Term 

Motor Proficiency  46% 49 Average 
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General Information 
Participant  61 
Date of Birth  5/4/17 
Chronological Age  4;0 
Sex  Male 
Test Date  5/28/21 

 

Comprehensive Test of Phonological Processing- Second Edition (CTOPP-2) 
 

Subtest Percentile 
Rank 

Scaled Score 
(average range = 8-12) 

Descriptive Term 

Elision 63% 11 Average 

Blending Words 37% 9 Average 

Sound 
Matching  

25% 8 Average 

Rapid Color 
Naming 

<1% 1 Very Poor 

Rapid Object 
Naming 

<1% 1 Very Poor 

 
Composite Area Percentile 

Rank 
Composite Score 

(average range = 90-110) 
Descriptive Term 

Phonological 
Awareness 

39% 96 Average 

Rapid Naming  <1% 46 
 

Very Poor 

 
Goldman Fristoe Test of Articulation- Third Edition (GFTA-3) 

 

Subtest Percentile 
Rank 

Composite Score 
(average range = 86-114) 

Descriptive Term 

Sounds-in-Words  81% 113 Average 

Sounds-in-Sentences 86% 116 Above Average 

 

Bruininks-Oseretsky Test of Motor Proficiency- Second Edition (BOT-2) 
 

Short Form  Percentile 
Rank 

Composite Score 
(average range = 41-59) 

Descriptive Term 

Motor Proficiency  38% 47 Average 
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General Information 
Participant  62 
Date of Birth  2/19/15 
Chronological Age  6;3 
Sex  Female 
Test Date  6/3/21 

 

Comprehensive Test of Phonological Processing- Second Edition (CTOPP-2) 
 

Subtest Percentile 
Rank 

Scaled Score 
(average range = 8-12) 

Descriptive Term 

Elision 50% 10 Average 

Blending Words 37% 9 Average 

Sound 
Matching  

9% 6 Below Average 

Rapid Digit 
Naming 

25% 8 Average 

Rapid Letter 
Naming 

50% 10 Average 

 
Composite Area Percentile 

Rank 
Composite Score 

(average range = 90-110) 
Descriptive Term 

Phonological 
Awareness 

25% 90 Average 

Rapid Naming  37% 95 
 

Average 

 
Goldman Fristoe Test of Articulation- Third Edition (GFTA-3) 

 

Subtest Percentile 
Rank 

Composite Score 
(average range = 86-114) 

Descriptive Term 

Sounds-in-Words  34% 94 Average 

Sounds-in-Sentences 39% 96 Average 

 

Bruininks-Oseretsky Test of Motor Proficiency- Second Edition (BOT-2) 
 

Short Form  Percentile 
Rank 

Composite Score 
(average range = 41-59) 

Descriptive Term 

Motor Proficiency  7% 35 Below Average 
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General Information 
Participant  63 
Date of Birth  2/1/16 
Chronological Age  5;1 
Sex  Male 
Test Date  3/3/21 

 

Comprehensive Test of Phonological Processing- Second Edition (CTOPP-2) 
 

Subtest Percentile 
Rank 

Scaled Score 
(average range = 8-12) 

Descriptive Term 

Elision 37% 9 Average 

Blending Words 50% 10 Average 

Sound 
Matching  

25% 8 Average 

Rapid Color 
Naming 

5% 5 Poor 

Rapid Object 
Naming 

<1% 2 Very Poor 

 
Composite Area Percentile 

Rank 
Composite Score 

(average range = 90-110) 
Descriptive Term 

Phonological 
Awareness 

35% 94 Average 

Rapid Naming  <1% 61 
 

Very Poor 

 
Goldman Fristoe Test of Articulation- Third Edition (GFTA-3) 

 

Subtest Percentile 
Rank 

Composite Score 
(average range = 86-114) 

Descriptive Term 

Sounds-in-Words  82% 114 Average 

Sounds-in-Sentences 77% 111 Average 

 

Bruininks-Oseretsky Test of Motor Proficiency- Second Edition (BOT-2) 
 

Short Form  Percentile 
Rank 

Composite Score 
(average range = 41-59) 

Descriptive Term 

Motor Proficiency  73% 56 Average 
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General Information 
Participant  64 
Date of Birth  10/27/13 
Chronological Age  7;8 
Sex  Female 
Test Date  7/14/21 

 

Comprehensive Test of Phonological Processing- Second Edition (CTOPP-2) 
 

Subtest Percentile 
Rank 

Scaled Score 
(average range = 8-12) 

Descriptive Term 

Elision 9% 6 Below Average 

Blending Words 16% 7 Below Average 

Phoneme  
Isolation 

9% 6 Below Average 

Rapid Digit  
Naming 

25% 8 Average 

Rapid Letter 
Naming 

25% 8 Average 

 
Composite Area Percentile 

Rank 
Composite Score 

(average range = 90-110) 
Descriptive Term 

Phonological 
Awareness 

6% 77 Poor 

Rapid Naming  21% 88 
 

Below Average 

 
Goldman Fristoe Test of Articulation- Third Edition (GFTA-3) 

 

Subtest Percentile 
Rank 

Composite Score 
(average range = 86-114) 

Descriptive Term 

Sounds-in-Words  55% 102 Average 

Sounds-in-Sentences 63% 105 Average 

 

Bruininks-Oseretsky Test of Motor Proficiency- Second Edition (BOT-2) 
 

Short Form  Percentile 
Rank 

Composite Score 
(average range = 41-59) 

Descriptive Term 

Motor Proficiency  14% 39 Below Average 
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General Information 
Participant  65 
Date of Birth  3/12/14 
Chronological Age  7;4 
Sex  Female 
Test Date  7/14/21 

 

Comprehensive Test of Phonological Processing- Second Edition (CTOPP-2) 
 

Subtest Percentile 
Rank 

Scaled Score 
(average range = 8-12) 

Descriptive Term 

Elision 25% 8 Average 

Blending Words 50% 10 Average 

Phoneme  
Isolation  

16% 7 Below Average 

Rapid Digit 
Naming 

25% 8 Average 

Rapid Letter 
Naming 

37% 9 Average 

 
Composite Area Percentile 

Rank 
Composite Score 

(average range = 90-110) 
Descriptive Term 

Phonological 
Awareness 

25% 90 Average 

Rapid Naming  30% 92 
 

Average 

 
Goldman Fristoe Test of Articulation- Third Edition (GFTA-3) 

 

Subtest Percentile 
Rank 

Composite Score 
(average range = 86-114) 

Descriptive Term 

Sounds-in-Words  14% 84 Below Average 

Sounds-in-Sentences 55% 102 Average 

 

Bruininks-Oseretsky Test of Motor Proficiency- Second Edition (BOT-2) 
 

Short Form  Percentile 
Rank 

Composite Score 
(average range = 41-59) 

Descriptive Term 

Motor Proficiency  31% 45 Average 
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General Information 
Participant  66 
Date of Birth  5/2/15 
Chronological Age  6;2 
Sex  Female 
Test Date  7/13/21 

 

Comprehensive Test of Phonological Processing- Second Edition (CTOPP-2) 
 

Subtest Percentile 
Rank 

Scaled Score 
(average range = 8-12) 

Descriptive Term 

Elision 25% 8 Average 

Blending Words 37% 9 Average 

Sound 
Matching  

37% 9 Average 

Rapid Digit  
Naming 

50% 10 Average 

Rapid Letter 
Naming 

50% 10 Average 

 
Composite Area Percentile 

Rank 
Composite Score 

(average range = 90-110) 
Descriptive Term 

Phonological 
Awareness 

30% 92 Average 

Rapid Naming  53% 101 
 

Average 

 
Goldman Fristoe Test of Articulation- Third Edition (GFTA-3) 

 

Subtest Percentile 
Rank 

Composite Score 
(average range = 86-114) 

Descriptive Term 

Sounds-in-Words  4% 74 Low  

Sounds-in-Sentences 14% 84 Below Average 

 

Bruininks-Oseretsky Test of Motor Proficiency- Second Edition (BOT-2) 
 

Short Form  Percentile 
Rank 

Composite Score 
(average range = 41-59) 

Descriptive Term 

Motor Proficiency  66% 54 Average 
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General Information 
Participant  67 
Date of Birth  12/3/14 
Chronological Age  6;7 
Sex  Male 
Test Date  7/16/21 

 

Comprehensive Test of Phonological Processing- Second Edition (CTOPP-2) 
 

Subtest Percentile 
Rank 

Scaled Score 
(average range = 8-12) 

Descriptive Term 

Elision 50% 10 Average 

Blending Words 16% 7 Below Average 

Sound 
Matching  

50% 10 Average 

Rapid Digit 
Naming 

75% 12 Average 

Rapid Letter 
Naming 

63% 11 Average 

 
Composite Area Percentile 

Rank 
Composite Score 

(average range = 90-110) 
Descriptive Term 

Phonological 
Awareness 

68% 107 Average 

Rapid Naming  75% 110 
 

Average 

 
Goldman Fristoe Test of Articulation- Third Edition (GFTA-3) 

 

Subtest Percentile 
Rank 

Composite Score 
(average range = 86-114) 

Descriptive Term 

Sounds-in-Words  27% 91 Average 

Sounds-in-Sentences 58% 103 Average 

 

Bruininks-Oseretsky Test of Motor Proficiency- Second Edition (BOT-2) 
 

Short Form  Percentile 
Rank 

Composite Score 
(average range = 41-59) 

Descriptive Term 

Motor Proficiency  62% 53 Average 
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General Information 
Participant  68 
Date of Birth  4/15/14 
Chronological Age  7;3 
Sex  Male 
Test Date  7/16/21 

 

Comprehensive Test of Phonological Processing- Second Edition (CTOPP-2) 
 

Subtest Percentile 
Rank 

Scaled Score 
(average range = 8-12) 

Descriptive Term 

Elision 9% 6 Below Average  

Blending Words 9% 6 Below Average 

Phoneme  
Isolation   

9% 6 Below Average 

Rapid Digit 
Naming 

37% 9  Average 

Rapid Letter 
Naming 

25% 8 Average 

 
Composite Area Percentile 

Rank 
Composite Score 

(average range = 90-110) 
Descriptive Term 

Phonological 
Awareness 

5% 75 Poor 

Rapid Naming  30% 92 
 

Average 

 
Goldman Fristoe Test of Articulation- Third Edition (GFTA-3) 

 

Subtest Percentile 
Rank 

Composite Score 
(average range = 86-114) 

Descriptive Term 

Sounds-in-Words  23% 89 Average 

Sounds-in-Sentences 70% 108 Average 

 

Bruininks-Oseretsky Test of Motor Proficiency- Second Edition (BOT-2) 
 

Short Form  Percentile 
Rank 

Composite Score 
(average range = 41-59) 

Descriptive Term 

Motor Proficiency  10% 37 Below Average 
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General Information 
Participant  69 
Date of Birth  11/23/13 
Chronological Age  7;7 
Sex  Female  
Test Date  7/20/21 

 

Comprehensive Test of Phonological Processing- Second Edition (CTOPP-2) 
 

Subtest Percentile 
Rank 

Scaled Score 
(average range = 8-12) 

Descriptive Term 

Elision 25% 8 Average 

Blending Words 25% 8 Average 

Phoneme  
Isolation   

37% 9 Average 

Rapid Digit  
Naming 

25% 8 Average 

Rapid Letter 
Naming 

25% 8 Average 

 
Composite Area Percentile 

Rank 
Composite Score 

(average range = 90-110) 
Descriptive Term 

Phonological 
Awareness 

30% 92 Average 

Rapid Naming  21% 88 
 

Below Average 

 
Goldman Fristoe Test of Articulation- Third Edition (GFTA-3) 

 

Subtest Percentile 
Rank 

Composite Score 
(average range = 86-114) 

Descriptive Term 

Sounds-in-Words  55% 102 Average 

Sounds-in-Sentences 88% 118 Above Average 

 

Bruininks-Oseretsky Test of Motor Proficiency- Second Edition (BOT-2) 
 

Short Form  Percentile 
Rank 

Composite Score 
(average range = 41-59) 

Descriptive Term 

Motor Proficiency  76% 57 Average 
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General Information 
Participant  70 
Date of Birth  6/9/14 
Chronological Age  7;11 
Sex  Female  
Test Date  7/22/21 

 

Comprehensive Test of Phonological Processing- Second Edition (CTOPP-2) 
 

Subtest Percentile 
Rank 

Scaled Score 
(average range = 8-12) 

Descriptive Term 

Elision 25% 8 Average 

Blending Words 75% 12 Average 

Phoneme  
Isolation 

9% 6 Below Average  

Rapid Digit 
Naming 

37% 9 Average 

Rapid Letter  
Naming 

25% 8 Average 

 
Composite Area Percentile 

Rank 
Composite Score 

(average range = 90-110) 
Descriptive Term 

Phonological 
Awareness 

30% 92 Average 

Rapid Naming  30% 92 
 

Average 

 
Goldman Fristoe Test of Articulation- Third Edition (GFTA-3) 

 

Subtest Percentile 
Rank 

Composite Score 
(average range = 86-114) 

Descriptive Term 

Sounds-in-Words  79% 112 Average 

Sounds-in-Sentences 95% 124 Above Average 

 

Bruininks-Oseretsky Test of Motor Proficiency- Second Edition (BOT-2) 
 

Short Form  Percentile 
Rank 

Composite Score 
(average range = 41-59) 

Descriptive Term 

Motor Proficiency  27% 44 Average 
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