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ABSTRACT 

 

 
The psycholinguistic model is a theoretical framework that details the speech processing 

system at various levels of input, storage, and output. In the case of a child with complex speech-

language impairment, this study sought to determine if: (1) a psycholinguistic approach to 

assessment was effective in identifying the participant’s level(s) of speech and language deficit 

and (2) if intervention targeted to the identified level(s) of deficit was effective in treating the 

participant’s speech and language difficulties. First, a comprehensive battery of assessments was 

administered to identify the participant’s speech processing difficulties and relative strengths. 

Then, treatment was targeted to specific areas of deficit indicated by assessment. Results indicate 

that psycholinguistic assessment was effective in identifying the participant’s levels of 

breakdown in speech processing. Treatment results were variable, although considerable gains 

were made on primary objectives such as phonological awareness, reading and spelling, and 

speech production. Overall, findings suggest that a psycholinguistic approach may be appropriate 

for some children with complex speech-language impairment, although rapid gains may not be 

seen in each targeted area. 
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CHAPTER 1 

 

INTRODUCTION 

 

 
The psycholinguistic model is a theoretical framework that details the speech processing 

system at various levels of input, storage, and output (Stackhouse & Wells, 1997). In contrast to 

linguistic and medical models that serve to describe children’s linguistic systems and their 

neuroanatomical components, the psycholinguistic model aims to explain the cognitive and 

psychological processes underlying these systems (Baker, Croot, Mcleod, & Paul, 2001). Using 

this model in the assessment of children with multifaceted speech, language, and/or literacy 

difficulties is proposed to help pinpoint particular areas of deficit along the speech processing 

chain, thereby providing implications for skills to be targeted in treatment. According to the 

psycholinguistic model, children may have deficits in input processing, stored linguistic 

knowledge, and/or output processing. A breakdown in one domain may result in deficits at 

multiple levels. For instance, a child with an underlying input processing deficit in speech 

perception will likely have inaccurate representations of words, which will then be revealed in 

the speech output derived from these representations (Stackhouse & Wells, 1997).  

This complex and interactive nature of the various mental processes that underlie speech 

sound disorders (SSDs) creates challenges in differential diagnosis, as the specific level(s) of 

children’s impairment vary. For example, deficits underlying true articulation disorders are 

specific to motor planning and/or the execution of speech movements at the level of output. 

Conversely, phonologically-based SSDs stem from difficulties using the sound system that 

governs language, which is associated with insufficient phonemic perception, organization, 

and/or inaccurate phonological representations (Dodd, 2013). A psycholinguistic approach 

promotes thorough assessment to identify the nature of a child’s SSD, as treatment should tap the 

specific level of breakdown. 

The majority of studies that have evaluated the clinical utility of a psycholinguistic 

approach are case studies, which is likely due to the highly individualized nature of the approach. 

Bryan and Howard (1992) implemented psycholinguistically-based assessment and intervention 

for a five-year-old with severe phonological deficits. They identified the participant’s primary 

level of deficit to be in stored phonological representations of real words, ultimately finding that 
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intervention targeted to this specific area led to substantial improvements in real word 

productions. Similarly, through extensive psycholinguistic investigation of a child who presented 

with severe hearing impairment, Ebbels (2000) found that breakdowns at levels of speech 

processing beyond peripheral hearing played a crucial role in the participant’s observable speech 

and language deficits. Psycholinguistic assessment indicated that not all of the participant’s 

observable deficits could be solely attributed to her hearing impairment. Even words that were 

correctly discriminated auditorily were produced incorrectly, suggesting a lack of awareness of 

the phonological significance of certain sound contrasts. This demonstrates the value of 

psycholinguistic assessment in developing a more complete picture of a child’s speech 

processing deficits. Pascoe, Stackhouse, and Wells (2005) provided further evidence for the use 

of psycholinguistic assessment and intervention, but cautioned against generalizing case study 

outcomes to other children with similar speech and language profiles due to the variability 

among children’s underlying speech processing deficits. Thus, more research on the clinical 

application of the psycholinguistic framework is warranted.  

While few studies have explicitly examined the use of a psycholinguistic approach in its 

entirety, many have applied principles of the psycholinguistic framework in differential 

diagnosis and subsequent treatment of speech processing deficits in children with SSD. For 

instance, the effects of auditory perceptual training on speech production in children with SSD 

have been investigated on the basis of the relationship between phonological and motor domains 

of speech processing. Specifically, some studies have examined the effectiveness of a perceptual 

approach to treating phonological errors by implementing computer-based speech perception 

training using the Speech Assessment and Interactive Learning System (SAILS; Rvachew, 

1994). The SAILS program requires a child to listen to series of correct and incorrect 

productions of a word containing the target sound. After each production, the child points to a 

picture of the target word if the word was produced correctly or an X if it was produced 

incorrectly. The clinician then reinforces correct responses and provides corrective feedback for 

incorrect responses. In 1994, Rvachew piloted the SAILS program and sought to determine if 

perceptual training for the /ʃ/ sound could facilitate greater progress in traditional articulation 

therapy for children who misarticulate /ʃ/. Participants in the experimental group demonstrated 

significantly greater improvements in speech perception and production of /ʃ/ than controls, 

thereby supporting the efficacy of perceptual training as a supplement to traditional speech 
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intervention. Using a similar treatment model, Wolfe et al. (2003) provided further evidence for 

perceptual training as part of traditional articulation therapy. However, speech production gains 

were only observed for sounds not well-identified by participants during pretesting, which 

suggests that perceptual training may only be effective for sounds that children have trouble both 

perceiving and producing. Rvachew and colleagues (2004) added the SAILS program to 

children’s regular speech therapy programs to further examine the effectiveness of perceptual 

training in conditions more representative of typical clinical practice. Consistent with previous 

findings, children who received the perceptual training showed more rapid improvement in both 

phonemic perception and articulatory accuracy than controls. These outcomes highlight the 

relationship between auditory perceptual abilities and speech production as defined by the 

psycholinguistic model. 

 Similar to the relationship between phonemic perception and production, deficits in 

stored linguistic knowledge will likely impact other areas of speech and language. For instance, a 

child may have poor phonological awareness, or understanding of the sound structure of spoken 

words. Difficulty at this level is correlated with poor literacy skills, which emphasizes its 

importance in treatment. Because phonological awareness, speech, and literacy abilities are all 

dependent upon the underlying speech processing system, children commonly experience 

deficits in more than one of these areas (Stackhouse & Wells, 1997). Understanding the sound 

structure of spoken language is vital in understanding and using its written form, which largely 

explains the causal link between phonological awareness and early literacy (Wagner & Torgesen, 

1987). Knowledge of individual sound units and how they are arranged to make up words is 

fundamental to the development of a variety of skills, such as phoneme segmentation and 

blending, which will ultimately be used in reading and spelling. For instance, when reading an 

unfamiliar word, children must be able to decode letters into sound segments and blend them 

together to form the word (Stackhouse & Wells, 2001). Therefore, it is not surprising that 

phonemic awareness, or knowledge of individual sounds, is the level of phonological awareness 

most strongly correlated with word-reading abilities (Melby-Lervåg, Lyster, & Hulme, 2012). 

The implications phonological awareness performance has for speech processing and early 

literacy skills make it an integral part of psycholinguistic assessment and potential treatment.  

Another component of storage is memory, which is intimately related to phonological 

processing and literacy skills. In addition to providing support for the causal role of phonological 
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awareness in learning to read, Wagner and Torgesen (1987) suggested that phonetic recoding 

ability, or using letter-sound associations to access the phonological and lexical referent of a 

written word, may have further implications for reading and spelling. This skill is somewhat 

dependent on short-term and working memory abilities, as a beginning reader must sound out the 

word letter-by-letter, blend the sounds to form the word, and access its lexical referent to attach 

meaning. In a review of several studies examining the relationship between short-term memory 

and reading, Brady (1986) emphasized the strength of the relationship between children’s 

phonetic skills and short-term memory capacity. Findings consistently demonstrated that poor 

readers’ decreased efficiency on phonetic coding processes (i.e., encoding and recoding) 

corresponds with their reduced memory ability. Rapid naming and sentence repetition tasks, both 

of which involve components of phonological processing and memory, have been shown to be 

strong predictors of literacy abilities in children (Catts, Fey, Zhang, & Tomblin, 2001; Norton & 

Wolf, 2012; Wagner & Torgesen, 1987). Therefore, these types of tasks may be included as part 

of psycholinguistic assessment to provide further insights into a child’s speech processing 

abilities involving storage.  

Principles of the psycholinguistic model have also been utilized to identify speech 

processing difficulties in complex SSDs such as childhood apraxia of speech (CAS), which is 

typically characterized by disordered output processing at the level(s) of motor planning and 

programming. While a variety of tools such as inconsistency assessments (e.g., DEAP; Dodd, 

2006) are frequently used to differentially diagnose CAS, inconsistent productions are also 

commonly observed in young typically-developing children and children with non-CAS SSD 

(Macrae, Tyler, & Lewis, 2014; Macrae & Sosa, 2015). Therefore, researchers have sought to 

identify more valid measures to be utilized in the differential diagnosis of CAS. Shriberg and 

colleagues (2009) devised the syllable repetition task (SRT), which requires a child to repeat 

simple syllable segments comprised of early developing sounds ranging from two to four 

syllables in length. The SRT is designed to eliminate the speech confound in the nonword 

repetition task, thereby providing information about the underlying speech processing constraints 

in children with SSD. It has been used to distinguish among transcoding (motor 

planning/programming), auditory-perceptual encoding (phonemic and semantic representations), 

and memory (storage and retrieval of representations) deficits in children with SSD to aid in 

differential diagnosis. 
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Subsequent studies have further examined the utility of the SRT in identifying underlying 

speech processing constraints in children with suspected CAS. Shriberg, Lohmeier, Strand, and 

Jaleski (2012) revealed that participants with CAS had significantly lower SRT competence, 

encoding, memory, and transcoding scores than controls, and they were over eight times more 

likely to have transcoding scores below 80%. On the SRT, transcoding errors are characterized 

by phoneme additions, which are often nasals inserted at syllable boundaries. This is consistent 

with the feature of atypical distortions indicative of deficits in motor planning/programming 

(Shriberg et al., 2012). Overall, the SRT was judged to have moderate diagnostic accuracy in 

identifying CAS. In accordance with these outcomes, Rvachew and Matthews (in press) found 

that children with suspected CAS who scored poorly on transcoding also obtained low encoding 

and memory scores. These findings suggest that the core deficit in CAS might not be limited to 

transcoding, but may also include deficits in encoding and memory. This supports the use of 

psycholinguistic principles in identifying specific speech processing deficits in complex SSDs.  

While principles of the psycholinguistic model may be useful in the assessment and 

diagnosis of children with complex speech and language difficulties, the ultimate aim is to 

provide effective intervention targeted to a child’s identified area(s) of deficit. A 

psycholinguistic approach does not include a specifically designed therapy program, but rather 

emphasizes the importance of implementing treatment tasks that tap the particular deficit area(s) 

intended to be targeted (Stackhouse & Wells, 2001). The present study served to address two 

questions regarding the clinical effectiveness of a psycholinguistic approach to assessment and 

treatment for a child with complex speech and language difficulties: 

1. Is a psycholinguistic approach effective in identifying the participant's level(s) of speech 

and/or language deficit? 

2. Is a psycholinguistic approach effective in treating the participant's persistent speech and/or 

language deficits? 

It was hypothesized that the psycholinguistic approach would be successful in identifying the 

participant’s specific levels of deficit and improving her speech and language skills shown to be 

in deficit.  
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CHAPTER 2 

 

METHODS 

 

 
Participant 

 

H, a 6-year, 11-month-old girl, had been receiving speech intervention since 4 years of 

age when she was first diagnosed with a speech sound disorder (SSD). While she had made some 

progress during her time in treatment, gains seemed to have plateaued. H is homeschooled and 

was following an approximate kindergarten to first grade level curriculum. She also has a 

reported family history of speech and language disorders. 

 
Assessment Procedures 

 

Several assessments were administered to provide a comprehensive profile of strengths 

and weaknesses in order to identify particular areas of deficit, as detailed by the psycholinguistic 

model. Evaluation served to answer a series of questions presented across the different levels of 

speech processing (e.g., Can the child accurately articulate real words? Can the child manipulate 

phonological units?). Identifying the level(s) of breakdown guided the selection of treatment 

targets. Assessment tapping input, storage, and output included the following: 

1. Hearing Screening: pure-tone audiometry involving presentation of 500, 1000, 2000, and 

4000Hz at 20dB 

2. Auditory Discrimination: formal assessment (Speech Assessment and Interactive Learning 

System, SAILS; Rvachew, 2011) and informal assessment (discriminating between 

recordings of participant’s own correct and incorrect productions of speech sounds in words; 

participant pointed to a picture of the target word or a sad face to indicate whether the word 

was produced correctly or incorrectly, respectively)  

3. Overall Expressive and Receptive Language: Clinical Evaluation of Language Fundamentals, 

Fourth Edition (CELF—4; Semel, Wiig, & Secord, 2006) 

4. Expressive Vocabulary: Expressive Vocabulary Test, Second Edition (EVT—2; Williams, 

2007) 

5. Receptive Vocabulary: Peabody Picture Vocabulary Test, Fourth Edition (PPVT—4; Dunn 

& Dunn, 2007) 
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6. Phonological Processing (including Phonological Awareness, Phonological Memory, and 

Rapid Naming): Comprehensive Test of Phonological Processing (CTOPP; Wagner, 

Torgesen, & Rashotte, 1999) and portions of the Phonological Awareness Test, Second 

Edition (PAT—2; Robertson & Salter, 2007) 

7. Nonsense Word Repetition (NWR): Syllable Repetition Task (SRT; Shriberg et al., 2009) 

8. Real and Nonsense Word Decoding: Test of Word Reading Efficiency, Second Edition 

(TOWRE—2; Torgesen, Wagner, & Rashotte, 2012) 

9. Speech Motor Control: Oral and Speech Motor Control Protocol (OSMCP; Robbins & Klee, 

1987) 

10. Speech Sound Production: Goldman–Fristoe Test of Articulation, Second Edition (GFTA—

2; Goldman & Fristoe, 2000) 

11. Token-to-Token Inconsistency: Word Inconsistency Assessment from the Diagnostic 

Evaluation of Articulation and Phonology, American Edition (WIA; Dodd, Hua, Crosbie, 

Holm, & Ozanne, 2006) 

 
Treatment Procedures 

 

 Speech therapy sessions took place at the L.L. Schendel Speech and Hearing Clinic 1-2 

times weekly for 1 to 1.25 hours each. Treatment tasks were targeted to H’s primary areas of 

deficit as indicated by assessment results and areas of persistent difficulty. Primary objectives 

included phonological awareness, short-term auditory memory, reading and spelling, speech 

perception, and speech production.  

 
Phonological Awareness  

  

Phonological awareness, specifically phonemic awareness, was made a priority towards 

the beginning of treatment due to its importance for reading and spelling. Training included 

identifying medial and final sounds in words, primarily at the CVC level (e.g., what is the last 

sound in the word “cat”?). Phonemic awareness was also targeted informally in reading and 

spelling activities with the LiPS program.  
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Auditory Memory 

 

 Two different tasks were used to target short-term auditory memory. The first required 

the participant to repeat sentences (7-9 words in length) after the clinician. The second involved 

the clinician reading a sentence aloud, after which the participant answered two questions about 

details from the sentence. Although complexity and length of the sentences remained constant, 

different stimulus items were used each session to prevent carryover from prior sessions.  

 

Reading and Spelling  

 

To further address phonemic awareness as well as reading and spelling, the Lindamood 

Phoneme Sequencing Program for Reading, Spelling, and Speech, Fourth Edition (LiPS—4; 

Lindamood & Lindamood, 2011) was implemented and adapted based on the participant’s 

strengths and weaknesses. Reading and spelling chains were constructed with letter tiles to 

represent single phoneme changes at a time. Specifically, reading chains involved the clinician 

changing letter tiles (e.g., ‘bat’ to ‘hat’ by exchanging the ‘b’ for an ‘h’), and spelling chains 

required the participant to exchange letter tiles to match the dictated word (e.g., “if this says 

‘bat’, show me ‘hat’”). The complexity of reading and spelling chains was consistently increased 

by introducing new letter tiles, utilizing increasingly complex word structures (e.g., simple CVC 

words such as bat to more complex CCVC structures such as brush), incorporating reading and 

spelling conventions (e.g., ‘e’ at the end of a word makes the vowel say its name; ‘c’ makes the 

/s/ sound if followed by an ‘i’, ‘e,’ or ‘y’), making multiple phoneme changes at a time, and 

eventually writing words instead of using tiles. In accordance with the LiPS program guidelines, 

feedback and cues were intended to increase the participant’s self-monitoring skills. Thus, the 

clinician asked questions to promote self-reflection and guide the child to the correct answer. For 

instance, the clinician might ask, “what sound does this letter make?” Or, “what happens to the 

vowel when we have ‘e’ at the end of a word?” Additionally, LiPS activities incidentally targeted 

speech perception and production by incorporating ‘th’ in reading and spelling words.  

 
Speech Perception  
 

For sounds the participant had difficulty both perceiving and producing (/ð/ and /θ/), 

auditory perceptual training was implemented. H listened to a series of the clinician’s 

productions of real words containing the target sound produced correctly or incorrectly, and after 
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each presentation indicated whether the production was correct or incorrect. Incorrect 

productions contained the participant’s error sounds in place of the target sound. In addition, 

recordings of the participant’s own productions were utilized for perceptual training. H listened 

to recordings of her own correct and incorrect productions of words containing the target sound 

and indicated whether presentations were correct or incorrect. Following correct responses, the 

participant was given a token to add to her toy treasure box. Additionally, if she correctly 

identified an incorrect production, she was asked to identify what sound she heard instead of the 

target sound. For example, if ‘dem’ was presented for the target word ‘them’, H was expected 

state that she heard the ‘d’ sound instead of the ‘th’ sound. Following incorrect responses to 

auditory perceptual stimulus items, H listened to the presentation again and was asked to focus 

on the target sound (e.g., “Let’s listen again, and this time I want you to listen for the ‘th’ sound 

at the beginning of this word”).  After the second presentation of a stimulus item produced 

incorrectly, H was asked to identify which sound was produced instead of the ‘th’ sound. If she 

was unable to label the substituted sound, the stimulus item was presented a third time with the 

clinician pointing out the error (e.g., Let’s listen one more time, I hear the ‘d’ sound instead of 

the ‘th’ sound; it sounds like ‘dem’ not ‘them’).  

 
Speech Production  

 
Speech production was targeted both directly and indirectly throughout treatment. H was 

provided with auditory, visual, and tactile modeling to facilitate stimulability for the target 

sounds, /ð/ and /θ/. Once stimulable, H was instructed to repeatedly produce the sound in 

isolation and at the syllable level in initial and final positions. The clinician presented the target 

production and asked the child to repeat it (e.g., “say ‘the’ and let me hear your new ‘th’ sound”). 

At first, directive feedback was provided following each production (e.g., “I heard the ‘d’ sound 

that time; put your tongue between your teeth for the ‘th’ sound.”). Cues and clinician modeling 

were continually decreased as production accuracy increased. Additionally, complexity increased 

to the word level in initial, medial, and final positions once approximately 80% accuracy was 

obtained at the syllable level. For the training task, H was asked to produce target words 

successively 15 times. Similar to the perceptual training, she was given a treasure box token for 

each correct production. Feedback following incorrect productions at the word level was mostly 

limited to ‘try again’, as H was usually able to self-correct when prompted. However, clinician 



 

	

	

10 

models were still occasionally provided as needed. As mentioned previously, speech production 

training was also incorporated into LiPS activities. For instance, if H was instructed to read 

‘bath’ and produced ‘bas’, she was prompted to correct her production (e.g., “remember to use 

the ‘th’ sound at the end of this word.”).  

 

Progress Monitoring 

 

 In addition to treatment data collected each session, the DIBELS Nonsense Word 

Fluency probes were administered as an independent measure of reading fluency, and DIBELS 

Phoneme Segmentation Fluency probes were administered to measure generalization from sound 

identification to the more advanced skill of segmenting words. Baseline probes for speech 

perception and production were administered and averaged over three consecutive weeks for 

each target sound prior to targeting these skills in therapy. After baseline, all probes were 

administered approximately every 1-3 weeks to monitor progress and generalization. 
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CHAPTER 3 

 

RESULTS 

 

 
Assessment 

 

Input 

 

Results of comprehensive testing revealed deficits in input, storage, and output. 

Regarding input, H passed the hearing screening. However, both formal and informal 

assessments of auditory discrimination revealed speech perception difficulties. On the SAILS 

assessment, H showed difficulty discriminating between other speakers’ correct and incorrect 

productions of /r/ (60% accurate) and /θ/ (75% accurate) in the word-initial position. 

Additionally, informal assessment showed that H had difficulty discriminating between her own 

correct and incorrect productions of /kr/ (50% accurate), /kw/ (50% accurate), /fl/ (50% 

accurate), /sl/ (50% accurate), /ð/ (8% accurate), and /v/ (50% accurate) in the word-initial 

position. 

 

Storage 

  
With regards to storage, H’s standard score of 101 on the PPVT–4 indicated an age-

appropriate receptive vocabulary. Similarly, her standard score of 89 on the EVT–2 revealed an 

age-appropriate expressive vocabulary, which includes aspects of both storage and output. On 

the CELF–4, H received subtest scaled scores of 6 for Recalling Sentences (RS) and 5 for 

Formulated Sentences (FS), which indicated difficulties listening to and accurately repeating 

spoken sentences and formulating semantically and grammatically correct sentences. She 

obtained subtest scaled scores of 8 on concepts and following directions (C&FD) and 7 on word 

structure (WS), which require auditory comprehension/verbal memory skills and knowledge of 

English morphological rules, respectively. H’s scores on these subtests fall in the low-average 

range, indicating mild difficulty in these areas. H’s total core language standard score or 79 fell 

below the typical range of 85-115, suggesting a mild to moderate impairment in her overall 

language abilities. In addition, H received standard scores of 73 for real words (Sight Word 
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Efficiency; SRE) and 78 for nonsense words (Phonemic Decoding Efficiency; PDE) on the 

TOWRE–2, revealing poor single-word decoding. 

Regarding phonological processing, H showed difficulty with rapid naming. She received 

standard scores of 79 on the Rapid Naming composite and 57 on the Alternate Rapid Naming 

composite on the CTOPP, revealing a decreased ability to rapidly process visual and 

phonological information. H received mostly age-appropriate scores on the phonological 

awareness tasks on the CTOPP and the PAT–2. She obtained a standard score of 91 on the 

phonological awareness (PA) composite of the CTOPP.  However, she did show difficulty 

identifying medial and final phonemes in words on the PAT–2 with subtest scaled scores of 0 

and 73, respectively. H obtained a standard score of 88 on the Phonological Memory (PM) 

composite on the CTOPP, revealing low-average phonological memory. The NWR task (SRT) 

further indicated difficulties with phonological memory, as H demonstrated increased difficulty 

repeating nonsense words of increasing syllable length (2 syllables: PCC = 100%; 3 syllables: 

PCC = 72%; 4 syllables: PCC = 56%). Additionally, The majority of H’s consonant substitutions 

on this task (7/8) reflected different manner classes to the consonant targets, which signifies 

auditory-perceptual encoding difficulties (Lohmeier & Shriberg, 2011; Shriberg, Lohmeier, 

Strand, & Jakielski, 2012).  

 

Output  

 

With regards to output, H’s Total Functional Score of 106 on the OSMCP fell slightly 

below the typical range of 108-112, revealing some difficulty with functional speech motor tasks 

(e.g., loudness variation). Additionally, she scored more than 2 standard deviations below the 

mean for 6;6–6;11-year-old children from Robbins and Klee (1987) (the oldest age group tested) 

on three of the five diadochokinetic tasks (rapidly alternating speech movements) on the 

OSMCP. H received a standard score of 73 on the GFTA–2, which revealed difficulty with 

speech sound production. The GFTA–2 also involves aspects of storage, as it requires the 

speaker to access stored representations for words, including their phonological representations. 

H used a typical number of consonant additions in her nonsense word repetitions compared to 

similarly-aged children with speech-language impairment (Lohmeier & Shriberg, 2011), 

revealing no particular difficulty with speech motor planning/programming. Lastly, H’s Word 
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Inconsistency Assessment (WIA) score was 44%, revealing some difficulty producing words 

consistently. A summary of H’s assessment results is provided in Table 1 below.  

 
 

Assessment Results 

Assessment Level Results 
Treatment 
Indicated? 

Hearing screening Input Passed No 

Auditory discrimination 

- Formal (SAILS) 

- Informal (own 

productions) 

Input/storage SAILS: difficulty with 
/θ/* and /r/ 

Own speech: 43% 
(consonant clusters, /ð/*) 

Yes 

Expressive & Receptive 

Language (CELF-4) 

Input, Storage, & 
Output 

Core Language: 79   
C&FD: 8; WS: 7; RS: 6*; 

FS: 5 

Yes 

Phonological processing 

(CTOPP; PAT-2) 

Input, Storage, & 
Output 

CTOPP - PA: 91; PM: 88; 
RN: 79; ARN: 57 
PAT-2 – Isolation 67* 

Yes 

Receptive Vocabulary 

(PPVT-4) 

Storage 101 No 

Expressive Vocabulary 

(EVT-2) 

Storage/Output 89 No 

Real and Nonsense Word 

decoding (TOWRE-2) 

Storage/Output Total WRE: 74* 
SWE: 73; PDE: 78 

Yes 

Speech Sound Production 

(GTFA-2) 

Output/Storage 73* Yes 

Word Inconsistency 

Assessment (WIA)  

Output/Storage   44% No 

Nonsense Word Repetition 

(SRT) 

Input, Storage, & 
Output 

Encoding 13%* 
Memory 54%  

Transcoding 89% 

Yes 
 

Oral and Speech Motor 

Control Protocol (OSMCP) 

Output 106  No 

Table 1: Summary of assessment results     * Indicates primary treatment target 
 
 

Treatment 

 

Phonological Awareness 

 

Primary treatment targets were identified based on assessment results. Phonological 

awareness, particularly identifying medial and final sounds in words, was made a priority at the 

start of treatment due to H’s difficulty with phoneme isolation on the PAT–2. Stimulus items 
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used in treatment were primarily CVC words, although more complex structures were 

incorporated as accuracy increased. Substantial gains were seen on this objective over a five-

week period. H’s accuracy on identifying medial sounds increased from 60% to 90%, while her 

accuracy on identifying final sounds increased from 0% to 90% and then dropped back down to 

60%. The decrease in accuracy observed on identifying final sounds on 3/21 may be partially 

attributed to the more complex word structures incorporated as stimulus items (e.g., CVCVC). 

These objectives were discontinued due to adequate progress and a subsequent shift in focus to 

reading and spelling with the LiPS program, where phonological awareness skills continued to 

be targeted indirectly. 

 
 

	
      Figure 1: Identifying medial and final sounds in words	

 
 

In conjunction with indirect phonemic awareness treatment via the LiPS program, the 

DIBELS phoneme segmentation fluency (PSF) probes measured H’s ability to segment words 

into their individual phonemes. Steady improvement on this measure was observed over the 

course of H’s treatment. The DIBELS benchmark goal for the PSF probes is 33 during the 

middle of kindergarten (Good & Kaminski, 2003). After the first two weeks (5/12 and 5/23), H 
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surpassed this benchmark each time the probes were administered.  Her consistent improvement 

on the PSF probes reflects increased phonemic awareness.  

 

 
      Figure 2: DIBELS Phoneme Segmentation Fluency probes  

 
 

Auditory Memory 

 

  Two treatment objectives were implemented to target auditory memory. The first 

required H to repeat simple 7-9-word sentences after the clinician. Although the length and 

complexity of the sentences remained consistent across sessions, H’s performance varied 

considerably. Accuracy ranged from 10% to 80%. This was likely due in part to her attention, 

which was variable from session to session.  Notably, the most substantial decrease in accuracy 

on 5/12 occurred following a 3-week break between treatment periods. This suggests that any 

gains observed within this task may have been dependent on consistent training.  

The second auditory memory task required H to answer questions about sentences read 

aloud by the clinician. Although slightly more consistency was observed on this objective than 

repeating sentences, performance was still variable. Accuracy ranged from 38% to 81%. The 

majority of H’s errors occurred on details including names and time-related information (e.g., 

day of the week, month, etc.). Auditory memory goals were discontinued due to steady 

performance after approximately six months of treatment. 
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      Figure 3: Percentage of sentences repeated completely and accurately  
 

 

 
      Figure 4: Percentage of sentence questions answered correctly 

 
 

Reading and Spelling 

 

 Throughout the majority of treatment, reading and spelling with the LiPS program was a 
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increases nearly every week. For instance, as depicted in figures 5 and 6, simple CV and VC 

word shapes were targeted initially, but the focus gradually shifted to more complex structures.  

 

 

 
      Figure 5: Session by session accuracy on LiPS Program reading chains 

 

 

 
      Figure 6: Session by session accuracy on LiPS Program spelling chains 
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As word structure complexity increased, expectancies for reading and spelling were also 

introduced (e.g., ‘e’ at the end of a word makes the vowel say it’s name; ‘c’ makes the /s/ sound 

if followed by an ‘i’, ‘e,’ or ‘y’, etc.). Furthermore, letter tiles were discontinued in October as 

reading and spelling activities were targeted using a white board and/or pencil and paper. New 

learning objectives were introduced in 70% of therapy sessions. Despite these regular increases 

in complexity, H’s reading and spelling accuracy generally remained at or above 60%. 

 The DIBELS nonsense word fluency (NWF) probes monitored H’s ability to efficiently 

and accurately decode CVC nonsense words. These probes (as well as the PSF probes) were 

administered nearly every week from May to September, and approximately every three weeks 

from October to December. H’s performance was relatively consistent, demonstrating limited 

improvement in reading fluency. The DIBELS benchmark goal for correct letter sounds (CLS) 

on the NWF probes is 39 by the end of kindergarten (Good & Kaminski, 2003). H’s CLS score 

consistently fell below this benchmark. However, the benchmark goal for words read completely 

(WRC) is 3 by the end of kindergarten, which H met or surpassed each time the NWF probes 

were administered.   

 
 

	
      Figure 7: DIBELS Nonsense Word Fluency probes (kindergarten level) 
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Speech Perception 

 

Speech perception training was implemented due to H’s continued difficulty perceiving 

and producing /ð/ and /θ/, and probes were used to monitor progress. The SAILS assessment was 

used for /θ/ probes and recordings of H’s own productions were used for /ð/  probes since the 

SAILS inventory does not include /ð/. At baseline, H was 72% accurate for /θ/ and 33% accurate 

for /ð/. Treatment data shows a general trend of improvement for both /θ/ and /ð/ using the 

clinician’s speech, especially when accounting for increased complexity from simple syllables to 

the word-level (e.g., ‘the’ to ‘them’). Using her own productions, H’s accuracy went from 67% 

to 77% on /θ/ and 70% to 60% on /ð/ from the first data points to the last. However, only 3 data 

points were collected due to time constraints. 

 
 

 
Figure 8: Speech perception training using clinician’s speech and recordings of H’s speech 

 

 
The speech perception probes reflect trends similar to the treatment data. Some 

improvement was shown on /θ/ compared to baseline, as H obtained 90% and 87% accuracy at 

the final two data points, respectively. For /ð/,  H was 50% accurate at each point after baseline. 
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obtained because H chose “correct” for each presentation, indicating that she was unable to 

identify her own incorrect productions.  

 
 

 
      Figure 9: Speech perception probes for voiced and voiceless ‘th’ 

 
 
Speech Production 

 

Speech production training targeted /ð/ and /θ/ in initial, medial, and final positions at the 

syllable and word levels. Baseline probes revealed that H was 0% accurate for /ð/ and 2% 

accurate for /θ/ prior to treatment. After stimulability was achieved, treatment began at the 

syllable level. H’s accuracy within treatment tasks improved from 47% at the syllable level to 

93% at the word level for /ð/ and 74% at the syllable level to 83% at the word level for /θ/. She 

had more difficulty moving to the word-level with /θ/ (see figure 10). The speech production 

probes reflect generalized improvement from baseline. H’s highest levels of accuracy on both /ð/ 

and /θ/ were obtained during the final week of treatment, with 38% accuracy on /ð/ and 50% 

accuracy on /θ/.  
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      Figure 10: Speech production training at the syllable and word levels 

 
 

 
      Figure 11: Speech production probes for voiced and voiceless ‘th’ 
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CHAPTER 4 

 

DISCUSSION 

 

 
Assessment 

 

Input 

 

 Psycholinguistic assessment revealed valuable information regarding the participant’s 

speech processing abilities at the various levels of input, storage, and output. The extensive 

battery of assessments was intended to isolate particular skills in order to determine whether or 

not deficits were present at each level. Assessments specifically tapping input included the 

peripheral hearing screening and formal and informal measures of speech perception. The 

identified breakdown in speech perception indicated that, in the absence of peripheral hearing 

impairment, H had difficulty with (a) perceiving and discriminating the acoustic-phonetic 

differences among sounds, and/or (b) understanding the linguistic implications of certain sound 

contrasts. The word identification task used to assess these skills required H to access her 

phonological representations of a lexical referent (e.g., ‘thumb’) and compare it to the presented 

auditory stimulus (e.g., a correct or incorrect production of the word ‘thumb’). Therefore, this 

task also relies on some aspects of storage, including the stored perceptual qualities of words. An 

assessment tapping auditory discrimination alone would instead require the child to listen to 

presentations of two nonwords (e.g., ‘fim’ and ‘pim’) and indicate whether the words are the 

same or different. A word identification task is typically preferred to a simple auditory 

discrimination task, as it provides information about both auditory perceptual abilities and stored 

acoustic-phonetic representations (Rvachew et al., 2004). Likewise, treatment of auditory 

perceptual abilities using real words can directly target speech perception abilities as well as 

underlying phonological representations, which ultimately aims to correct the child’s speech 

output derived from these stored representations. This premise was used to guide H’s speech 

perception training.  
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Storage 

 

While assessment revealed mild to moderate impairment in H’s overall language abilities, 

deficits were most evident on tasks related to phonological processing, phonological awareness, 

and literacy. All of these skills involve components of stored linguistic knowledge and memory. 

For instance, H’s low encoding score on the SRT suggested deficits in her ability to convert 

auditory input into phonemic, sublexical, and/or lexical representations (Shriberg et al., 2012). 

Her poor memory score on the SRT revealed additional difficulty with the storage and retrieval 

of such representations, while her low-average phonological memory composite on the CTOPP 

further suggested some degree of impairment in this area. Moreover, H’s difficulty with the 

recalling sentences subtest of the CELF-4 indicated general auditory memory deficits. Because 

inadequate representations due to encoding and/or memory constraints are considered a primary 

origin of language impairment and speech delay (Shriberg et al., 2012), these skills were 

addressed in treatment. 

 Several of the skills assessed with regards to stored linguistic knowledge had implications 

for H’s literacy abilities. Although many of H’s scores on phonological awareness tasks from the 

CTOPP and PAT-2 were within normal limits, some of these skills, such as sound segmentation, 

had been targeted in prior treatment. Poor performance on subtests including isolation of medial 

and final sounds in words may suggest that she had not generalized previously learned 

phonological awareness skills to untreated tasks. Thus, further treatment was indicated, 

especially given the implications phonological awareness has for reading ability. H’s marked 

difficulty on the rapid naming tasks provided additional evidence of potential literacy 

difficulties, as this task is designed to evaluate underlying cognitive processes that are essential 

to fluent reading (i.e., rapidly processing visual as well as phonological information). Consistent 

with the difficulty demonstrated on rapid naming tasks, H’s performance on the TOWRE-2 

confirmed substantial deficits in word-reading abilities. This further indicated a need for direct 

literacy intervention.  

 

Output  

 
Assessment at the level of output provided further information regarding H’s speech 

processing abilities, thereby aiding in differential diagnosis and the identification of potential 

treatment targets. H’s initial assessment included the GFTA-2, which revealed difficulty with 
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speech sound production. However, more information was needed to identify the specific level(s) 

of deficit. Although H’s score on the OSMCP revealed some difficulty with functional speech 

motor tasks, no structural abnormalities were identified. However, her difficulty with the 

diadochokinetic tasks initially raised concerns about a potential diagnosis of dysarthria or CAS. 

Dysarthria was ruled out based on the absence of muscle weakness, no known etiology, and the 

inconsistency observed in H’s speech errors. Further assessment was necessary to examine a 

potential diagnosis of CAS. Although the DEAP revealed that H’s speech was considerably 

inconsistent, this finding alone does not substantiate a diagnosis of CAS as similar profiles of 

inconsistency have been observed in children with non-CAS SSD (Macrae et al., 2014; Macrae 

& Sosa, 2015). The SRT, therefore, was administered to explore the presence of speech motor 

planning/programing deficits, and H’s transcoding score revealed no particular difficulty at this 

level. Thus, a diagnosis of CAS was ruled out, and H’s speech production deficits were attributed 

to phonological impairment and breakdown(s) at levels of input processing and stored linguistic 

knowledge.  

 

Treatment 

 

Phonological Awareness  
 

Identifying medial and final sounds in words was used to target phonological awareness 

at the start of treatment, as these were H’s primary areas of difficulty indicated by assessment. 

More specifically, these tasks were intended to strengthen H’s phonemic awareness, or 

knowledge and awareness of individual sounds. H’s rapid progress on these tasks was 

encouraging, as it suggests an increased level of phonemic awareness at the CVC level. 

However, as indicated by decreased accuracy on identifying final sounds on 3/21, H 

demonstrated some difficulty with more complex word structures (e.g., CVCC). Identifying 

individual sounds within consonant clusters requires an even higher level of phonemic 

awareness, which was later targeted indirectly with the LiPS program.  

 The LiPS program incidentally targeted phonemic awareness through its systematic 

approach to teaching letter-sound correspondence and phonemic manipulation for reading and 

spelling. For instance, if H was asked to change the word ‘bat’ to ‘hat’, she had to identify that 

the first sound was changed and then select the appropriate letter to match this change. This 

involves initial sound awareness and letter-sound knowledge, as well as phonological memory. 
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Therefore, as the complexity of words increased throughout treatment, a higher level of 

phonemic awareness was required. H’s ability to maintain at or above 60% accuracy on reading 

and spelling during most sessions, even when only more complex structures were addressed, 

suggests improvement in this area. H’s steady increase on the DIBELS Phoneme Segmentation 

Fluency Probes further indicated generalized gains in phonemic awareness skills. However, her 

improved performance on this measure was largely attributed to increased speed and efficiency 

in segmenting words of CVC structure, as H would still frequently treat consonant clusters as a 

single unit (e.g., ‘cl-a-p’ instead of ‘c-l-a-p’). 

 

Auditory Memory 

 

Auditory memory was addressed in an effort to improve H’s short-term capacity for 

verbally presented information. Her inconsistent performance and limited improvement in this 

area may be attributed to a variety of factors, as auditory memory ability is particularly difficult 

to isolate. For instance, H’s overall language difficulties may have impacted her ability to 

accurately encode the presented information, thereby resulting in inadequate retrieval. To 

eliminate the interaction of language ability would have required a more basic task, perhaps 

repeating nonwords similar to the SRT or a list of linguistically simple stimuli such as numbers. 

The sentence repetition and recalling details tasks were selected instead to more closely emulate 

functional memory activities such as following instructions. H’s attention varied from week to 

week, which may have also contributed to her highly variable performance on the auditory 

memory tasks.  

 While memory is generally thought to be a malleable process, there is limited research 

explicitly observing memory intervention for children with speech and language impairment. 

This brings up the question of whether or not memory capacity itself can be expanded in order to 

facilitate functional improvement, or if compensatory strategies are more effective. Introducing 

the use of compensatory strategies such as repetition, visualization, and association was intended 

to be the next step in H’s auditory memory treatment, but this objective was instead discontinued 

due to time constraints within sessions and a shift in priority to reading/spelling and speech 

perception/production.  
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Reading and Spelling 

 

Consistent with psycholinguistic principles, the LiPS program was adapted to H’s 

specific areas of need for reading and spelling. Although the first portion of the curriculum 

includes instruction for identifying and classifying consonants and vowels based on oral motor 

movements, H’s foundational knowledge of letter-sound correspondence was considered a 

relative strength. Therefore, this portion of the program was omitted and letter tiles were 

gradually introduced for phoneme sequencing. H’s variable session-to-session performance on 

reading and spelling tasks may be associated with a variety of factors, although the consistent 

introduction of new learning objectives was judged to be the primary source of this variability. 

For example, two of the most substantial decreases in reading accuracy (6/27 and 10/17) 

occurred during the sessions in which the ‘c’ and ‘g’ expectancies were introduced. These 

particular conventions may add considerably to the working memory load required for reading 

and spelling, as the child must remember that an ‘i’, ‘e’, or ‘y’ following these letters can change 

‘c’ from /k/ to /s/ and ‘g’ from /g/ to /dʒ/. Additionally, as the support of letter tiles was faded out 

and reading and spelling moved to pencil and paper, spelling became more challenging for H. 

This is likely due to the fact that, without the visual support of letter tiles to choose from, she had 

to rely solely on her stored knowledge of sounds and their corresponding letters. Therefore, 

reading chains were typically made slightly more complex than spelling chains at this point in 

order to support her learning of more advanced skills. Still, H’s maintenance of reading and 

spelling accuracy at or above 60% was encouraging, as it reflected her ability to learn and apply 

new reading and spelling conventions and decode more complex word structures with decreased 

support.   

 Reading fluency was intended to be targeted by addressing response latency, or the 

amount of time it took H to complete each reading and spelling chain. Towards the end of 

treatment after most of the primary learning objectives were introduced, a visual timer on the 

clinician’s iPhone was used so that H could self-monitor her timing. While this was judged to 

increase H’s focus and motivation to complete reading and spelling tasks, latency was highly 

variable due to inconsistent factors such as the amount of clinician feedback needed, H’s 

attention, and continued increases in complexity. Therefore, timing data were not reported, as 

high inconsistency limited its ability to illustrate meaningful changes in H’s reading fluency.  
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Instead, the DIBELS Nonsense Word Fluency Probes independently measured reading fluency, 

and H’s consistent performance showed limited gains in this area. Throughout treatment, H 

demonstrated more difficulty with nonwords than real words, which may have contributed to the 

lack of improvement demonstrated on this measure.  

 
Speech Perception 

 

 Although speech perception difficulties were identified initially, direct training was not 

implemented until the last three months of treatment. Speech perception was first indirectly 

targeted with the LiPS program, but H demonstrated persistent difficulty identifying and using 

/θ/ and /ð/ within reading and spelling tasks. Therefore, direct perceptual training of these sounds 

was warranted. H’s improvement in perceiving the clinician’s productions of /θ/ and /ð/ within 

treatment activities and /θ/ on the SAILS probes indicates that she became more proficient in 

recognizing these sounds in other speakers’ speech. She exibited considerably more difficulty 

discriminating among her own correct and incorrect productions of these sounds, as 

demonstrated by little to no gains on measures of speech perception using recordings of her own 

speech. It is likely that additional cues or feedback using the clinician’s speech were more 

faciltative of gains in this area. For example, in using live productions, H had access to visual 

input in addition to auditory input, as she was able to watch the clinician’s mouth as the sounds 

were produced. Additionally, progress in perceiving her own correct and incorrect productions 

may have simply required more intensive treatment, as this was only addressed during three 

sessions due to time limitations.  

 

Speech Production 

 

 Like speech perception, speech production was not formally addressed until the last three 

months of treatment due to the prioritization of phonological awareness and reading and spelling 

intervention. Follow-up probing of all of the sounds H had difficulty producing at her initial 

assessment revealed that she no longer exhibited the vast majority of these errors. Incidental 

gains in speech production may have occurred as a result of indirect treatment from the LiPS 

program, which required H to correctly produce sounds during reading tasks. It is also possible 

that some of the errors observed in her initial assessment were a result of her inconsistent speech, 

as indicated by the DEAP assessment. Nonetheless, /θ/ and /ð/ were the only sounds H had 
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consistent difficulty producing. In conjunction with speech perception training, articulation 

treatment was effective in facilitating notable gains in H’s production of /θ/ and /ð/. However, 

probes indicated that, at the end of treatment, H was still only able to generalize correct 

productions to 40% to 50% of untrained words. H inconsistently demonstrated appropriate use of 

‘th’ in reading and spelling activities after speech perception and production training was 

initiated, which suggested an emerging understanding of the linguistic significance of these 

sounds. This is encouraging given that H was not initially stimulable for /θ/ and /ð/, implying 

that they were not in her phonetic inventory at all prior to treatment. Further treatment may have 

included a minimal pairs approach to further facilitate understanding of the communicative 

significance of these sounds. This approach was recommended for H’s continued treatment after 

the conclusion of this study.  
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CHAPTER 5 

 

CONCLUSIONS 

 

 
 Overall, a psycholinguistic approach was judged to be an effective means of identifying 

the participant’s specific levels of deficit in speech processing. Deficits were identified at levels 

of input, storage, and output, and assessment results provided salient information that was 

ultimately used to guide treatment. While the battery of assessments used to achieve 

comprehensive psycholinguistic assessment was thorough and effective, it required a substantial 

amount of time. This is certainly considered a drawback of a psycholinguistic approach, as the 

time requirements may not be realistic in clinical settings such as schools. However, 

psycholinguistic principles may be applied without necessarily administering a full battery of 

assessments, as demonstrated by prior studies that have examined the utility of psycholinguistic 

principles in differentially diagnosing CAS (Shriberg et al., 2012; Rvachew & Matthews, in 

press). These findings ultimately support the use of psycholinguistic principles in identifying 

specific speech processing deficits and guiding treatment decisions for children who present with 

complex speech and language impairment. 

 Treatment targeted to the participant’s specific areas of deficit yielded variable results. 

Considerable gains were observed in phonological awareness and speech production, while 

moderate gains were observed in speech perception and reading and spelling. Marginal 

improvement was seen in auditory memory. It is important to note that, in order to confirm a 

treatment effect for each of these skills, a stable baseline would need to be obtained. However, 

this was only the case for speech perception and speech production. Although the results of 

treatment have implications for the utility of the psycholinguistic approach as a whole, treatment 

results are also largely dependent upon the effectiveness of treatment tasks used to target each 

deficit area. Thus, treatment tasks with a strong evidence-base are ideal. Additionally, progress 

should be continually monitored so that treatment can be adapted based on the child’s progress 

or lack thereof. The results of this study suggest that a psycholinguistic approach may be 

appropriate for some children with complex speech and language impairment, although rapid 

gains may not be seen in each targeted area.  
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1200

Phone Number:
8506456566
Fax:
 

University Department:
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hugh.catts@cci.fsu.edu

The training and education completed in the protection of Occupational Position:
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APPENDIX B 

CONSENT FORM 

 

  

 

                                

My name is Dr. Toby Macrae and I am a faculty member in the School of Communication 
Science and Disorders at The Florida State University. Your child is invited to be in a research 
study about assessment and treatment of speech-language impairment. Accurate assessment is 
needed so that speech-language pathologists can work on the right skills. 

The study: The purpose of this study, called “Assessment and treatment of complex cases of 
speech-language impairment”, is to see if the psycholinguistic approach allows us to more 
accurately identify difficulties in children with complex speech-language impairment. If you 
allow your child to participate, he/she will be asked to take part in a speech-language evaluation 
and then in treatment targeting specific difficulties. The study will take place in the L. L. 
Schendel Speech and Hearing Clinic. Assessment will last for 2 or 3 sessions. Treatment will 
take place once or twice each week and will last for a minimum of 1 semester and a maximum of 
3 semesters, depending on your child’s progress in treatment. If you children still requires 
treatment at the conclusion of the study, you will be able to return to the regular clinic schedule. 
We will audio- and video-record all session(s) using the clinic’s in-room recording system and 
we will record all assessment sessions using a portable audio-recorder. 

Risks and benefits: There are no known risks and minimal discomfort involved in this study. 
Your child may become tired or frustrated during the sessions. If this occurs, you will be asked if 
you would like for your child to be given a short break. You may remove your child from the 
study at any time for any reason. I will talk to you regularly about the results of testing and your 
child’s progress in treatment. 

Compensation: You will be given a $10 fuel card for your participation in this study regardless 
of the duration of your participation. If you withdraw at any time, you will be allowed to keep 
the fuel card. You also will receive speech-language assessment and treatment services at no 
cost. 

Confidentiality: The records of this study will be kept confidential, to the extent permitted by 
law. Your child’s name and date of birth and your name, address, phone number and email 
address will be kept in a locked cabinet in my office at the university. Only members of the 
research team will have access to this information. Your child will be given a code (e.g., “01”), 
which will be used on any papers or computer files relating to him/her. When results of the study 
are shared with others, your child’s name will not be used. 

Voluntary Participation: Your child’s participation in this study is completely voluntary. Your 
decision whether or not to allow your child to take part will not affect your current or future 
relationship with The Florida State University. If you decide to allow your child to take part, you 
are free to withdraw him/her at any time without affecting your relationship with the university. 

Parental Permission Form 
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You may reach Dr. Toby Macrae at (850) 899-1960 or toby.macrae@cci.fsu.edu. Please feel free 

to ask any questions you have now, or at any point in the future. If you have any questions or 

concerns about your child's rights as a research subject, you may contact the FSU Institutional 

Review Board (IRB) at (850) 644-8633 or you may access their website at 

http://www.fsu.research.edu. You will be given a copy of this consent form for your records. 

Please enter your child's name and sign below if you give consent (a) for your child to participate 

in this study and (b) for your child to be audio- and video-recorded. 

Your child's name: ______________________________________________________________ 

Your signature: _____________________________________________ Date: ______________ 

Principal Investigator’s signature: ______________________________ Date: _______________ 

 

Principal Investigator:  Toby Macrae, Ph.D., CCC-SLP 

Associate Professor 

School of Communication Science and Disorders 

Florida State University 

Ph. (850) 899-1960 

Email: toby.macrae@cci.fsu.edu 

 

Co-Principal Investigator: Emily Berteau, B.S. 

Graduate Student Clinician 

School of Communication Science and Disorders 

Florida State University 

Ph. (850) 899-1960 

Email: eab11c@my.fsu.edu 

 

 
FSU Human Subjects Committee approved on 05/11/16. Void after 05/10/17. HSC # 2016 -18020  
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