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Abstract 

This study evaluates perceptual changes in speech production accuracy in six children (3 

– 11 years) with moderate-to-severe speech impairment associated with cerebral palsy before, 

during, and after participation in a motor-speech intervention program (Prompts for 

Restructuring Oral Muscular Phonetic Targets). An A1BCA2 single subject research design 

was implemented. Subsequent to the baseline phase (phase A1), phase B targeted each 

participant’s first intervention priority on the PROMPT motor-speech hierarchy. Phase C then 

targeted one level higher. Weekly speech probes were administered, containing trained and 

untrained words at the two levels of intervention, plus an additional level that served as a 

control goal. 

The speech probes were analysed for motor-speech-movement-parameters and 

perceptual accuracy. Analysis of the speech probe data showed all participants recorded a 

statistically significant change. Between phases A1 – B and B – C 6/6 and 4/6 participants, 

respectively, recorded a statistically significant increase in performance level on the motor 

speech movement patterns targeted during the training of that intervention. The preliminary 

data presented in this study make a contribution to providing evidence that supports the use 

of a treatment approach aligned with dynamic systems theory to improve the motor-speech 

movement patterns and speech production accuracy in children with cerebral palsy.
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Introduction 

Cerebral Palsy (CP) is a neurodevelopmental condition that includes a group of non-

progressive movement and posture disorders that are a result of lesions or dysfunction to the 

central nervous system. The worldwide prevalence is reported to be approximately 2 to 2.5 

per 1000 live births (Ashwal et al., 2004; Lin, 2003) making it one of the most prevalent 

childhood disorders. The literature identifies at least 40% of children with CP present with 

communication impairment (Kennes et al., 2002). Due to the complex interaction between 

multiple systems (e.g., physical, cognitive, sensory and communicative), children with motor 

speech disorders associated with CP are at increased risk of social and educational 

limitations, and participation restrictions (Voorman, Dallmeijer, Van Eck, & Schuengel, 

2010).  

Given this, one of the primary objectives of speech intervention is to improve 

communicative function and increase speech intelligibility by “maximizing the ability to 

speak within neurological limits”, thereby improving an individual’s quality of life 

(Workinger, 2005). Speech production is a goal oriented process requiring precise timing and 

accurate positioning of multiple sub speech systems of the jaw, lips, tongue, velum, vocal 

folds, and respiratory system (Green, Moore, Higashikawa, & Steeve, 2000). It has been 

hypothesised that impairment to the speech subsystems in children with CP, may be 

attributed to a poor relationship between the motor command and perceptual consequences of 

the speech movement (Hoon et al., 2009; Kent & Netsell, 1978). 

Recent brain imaging studies show that children with CP indeed present with injury to 

the sensory system that includes a reduction in white matter fibres connecting to the sensory 

cortex (Hoon et al., 2009). These findings support the hypothesis that impaired motor speech 

control in children with CP could be associated with the selection of inefficient or ineffective 

movement strategies due insufficient information regarding control, adjustment and 
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stabilisation through peripheral (sensory) input. Research findings indicate the enhancement 

of somatosensory input during speech can not only affect change in the coordination of 

movement synergies but also influence learning that can be maintained across time (Ito & 

Ostry, 2010). These findings suggest potential therapeutic value in enhancing tactile-

kinaesthetic input to children with CP.  

 

In this paper, the effectiveness of a motor-speech intervention approach, aimed at 

improving speech production accuracy in six children with cerebral palsy, is evaluated. The 

PROMPT (Prompts for Restructuring Oral Muscular Phonetic Targets) approach was selected 

due to the theoretical foundation of PROMPT; and the focus on enhancing motor learning 

through active task-specific augmentation of sensory information.  

Theoretical Foundation 

The PROMPT approach is aligned with the core principles of dynamic systems theory 

(DST) (Hayden, 2006). Within these principles, it is considered that: growth and 

development are driven by continuous change within the inter-dependent domains/ 

subsystems that are both within and external to an individual. In order for a new behaviour to 

develop there must be a state of disequilibrium that functions to move the system to 

reorganise (Thelen & Smith, 2003); sub-system re-organisation results in the emergence of 

new behaviours at a higher level of complexity and moves the system back to a new level of 

equilibrium. This process of self-organisation evolves in a hierarchical manner, building on 

lower levels of organisation (Howe & Lewis, 2005); and individual, task and environmental 

constraints/catalysts function as a means to (re)structure the system and guide emerging 

behaviours (Newell, 1991).  

Within the constructs of DST, impairments in body structure and function associated 

with CP have the potential to prevent integration between interdependent 
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domains/subsystems thus constraining the emergence of higher level behaviours (Hadders-

Algra, 2000). This may result in children with CP continuing to select the same inefficient 

motor solution as compared to typically developing children. The continued and persistent 

use of inefficient behaviour can create rate-limiting systems that maintain deep stable 

attractor states resistant to change. 

Within PROMPT, speech motor development is viewed as consisting of co-dependent 

subsystems, with skill acquisition subject to the bidirectional interaction between existing and 

developing systems. Thus, motor learning is characterised by an alteration to the movement 

synergies unique to each individual (Kostrubiec, Tallet, & Zanone, 2006). The PROMPT 

clinician is trained to assess the speech subsystems and work to promote coordination 

through the establishment of efficient functional higher order synergies. 

Evaluation of the motor speech system (respiration, phonation, articulation, prosody) is 

assessed and interpreted using the PROMPT Motor Speech Hierarchy (MSH) (Hayden & 

Square, 1994). The MSH is based upon the hierarchical sequence of motor speech 

development, (that is, the jaw provides the foundation for the integration of lip and tongue 

movements) and consists of seven levels. The first two levels focus on postural support for 

speech, and the ability to produce sound for at least 2 to 3 seconds. Levels 3 to 5 focus on 

training the appropriate movement patterns for speech of the jaw, the lips and the tongue. The 

last two levels address the sequencing of movements seen in speech and prosody. 

Intervention techniques are used to facilitate or act as a control parameter in bringing 

about change toward a higher level of functioning. This would occur as a result of the 

establishment of a new set of boundary conditions enhancing the search for stable and 

adaptive coordination solutions to task demands (Newell & Valvano, 1998). Tactile-

kinaesthetic input is used to restructure the degrees of freedom available in a speech system 
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to facilitate controlled flexible movements (as bound by conditions of time and space) for 

accurate speech production. 

Enhancing Motor Learning through Active Task-Specific Augmentation of Sensory 

Information 

Increasingly, the literature is highlighting the significant role somatosensory input plays 

in motor speech control and learning (Estep, 2009; Ito & Ostry, 2010). In particular, recent 

research has shown that the speech production system is responsive to the provision of 

enhanced kinaesthetic information. Further the type, placement and context in which tactile-

kinaesthetic input is provided, are essential in facilitating sensory-motor reorganisation (Gick, 

Ikegami, & Derrick, 2010; Wilston, Reed, & Braida, 2010). These findings are supported by 

behavioural studies that indicate sensory augmentation can play a role in enhancing motor 

learning in general, particularly when stimuli are difficult to perceive (Atchy-Dalama, Peper, 

Zanone, & Beek, 2005). For example, researchers have demonstrated that modifications to 

the speech system through external perturbation (i.e., stretching of the facial skin at the lateral 

angle of the mouth), changes speech production (Estep & Barlow, 2007). Further, articulator 

coupling patterns will reorganise or compensate as a response to modifications/disruptions in 

articulator movements (Estep, 2009). 

Intervention approaches designed to utilise tactile-kinaesthetic input to improve speech 

production have been documented in the literature (Chumpelik, 1984; Gordon-Brannan & 

Weiss, 2007; Strand, Stoekel, & Baas, 2006). Of these approaches, PROMPT has developed 

specific types of prompts to facilitate improved articulatory control (Hayden, 2003). Tactile-

kinaesthetic input during active speech is directed to specific orofacial regions richly 

innervated with slowly adapting, cutaneous mechanoreceptors that are responsive to external 

low level inputs during motor activity (Feng, Gracco, & Max, 2011; Trulsson & Johansson, 
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2002). This approach has been identified as having direct relevance to children with motor 

speech disorders (Murdoch & Horton, 1998).  

The data reported in this paper form part of a longitudinal single subject research design 

(SSRD) study aimed at evaluating the effectiveness of PROMPT in making change to speech 

production accuracy, in children with CP (Ward, 2012; Ward, Strauss, & Leitão, 2013). Ward 

et al. (2013) report the kinematic and speech intelligibility data for six children with CP 

subsequent to receiving PROMPT intervention. This paper reports on the data addressing 

perceptual changes in speech production accuracy for these same six participants.  

A single subject research design (SSRD) was implemented based on the heterogeneity 

and small number of available participants for the study as well as the lack of existing 

efficacy studies. This study is consistent with a phase I intervention study (Robey, 2004). 

It was postulated that intervention focused on strengthening the weakest subsystem, with 

consideration given to individual, environmental and task constraints, will result in the 

emergence of new higher level functional behaviours. It was hypothesised: 

1. The training of new motor-speech movement patterns will result in improved speech 

production accuracy   

2. A non-linear treatment effect will be observed, with the initial treatment phase 

recording the greatest magnitude of change.  

3. No significant change in the control targets will be observed. 

4. Continued skill acquisition during the follow-up non-intervention period is expected 

with stabilisation of the newly acquired motor-speech-movement patterns. 

Method 

Participants 

Table 1 illustrates the participant characteristics of the six participants (3 males, 3 

females, age range 3-11 years), as described in Ward et al. (2013).  
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Inclusion criteria were: diagnosis of CP, aged between 3-14 years, a standard score ≥1. 5 

standard deviation (SD) below the mean on the Arizona Proficiency Scale – 3
rd

 Revision 

(Arizona-3) (Fudala, 2001) and a developmental quotient ≥70 as measured on the Leiter-

Brief International Performance Scale R Brief (Leiter-R) (Roid & Miller, 1997). Exclusion 

criteria were: receptive language impairment >2SDs below the mean on the CELF-P (Wiig, 

Secord, & Semel, 1992) or CELF 4 (Semel, Wiig, & Secord, 1995), a hearing impairment 

>25dB hearing loss, the absence of motor speech impairment (i.e., within age appropriate 

limits on The Verbal Motor Production Assessment for Children (VMPAC) (Hayden & 

Square, 1999), non-correctable visual impairment, and past exposure to PROMPT 

intervention. 

Procedure 

A single-subject A1BCA2 multiple-baseline-across-participants-and-behaviours research 

design was utilised as reported in Ward et al. (2013). The phases are summarised below:  

Phase A1: Baseline data collection phase. This phase ranged from 5-8 weeks. 

Upon completion of a 5-week baseline-data-collection period and evidence of stable 

baselines (as assessed through statistical process control), participants were randomly 

allocated to commence intervention, while other participants remained in baseline. This 

process continued on a staggered basis until all participants commenced intervention (Portney 

& Watkins, 2009). 

Phase B: PROMPT intervention aimed at one level of the PROMPT motor speech 

hierarchy (MSH). 

Phase C. PROMPT intervention aimed at one level higher on the MSH.  

Phases B and C each consisted of weekly individual intervention blocks, 45 minutes in 

length for 10 weeks. Therapy sessions occurred at the same time of day on the same day of 

the week. 
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Phase A2: Follow-up data collection at 12 weeks post phase C. This consisted of two 

data collection sessions, with the speech probe data collected in the second session. 

Following this study phase, all participants returned to their regular therapy services, 

consistent with the baseline phase. 

 

The use of a SSRD, with two inter-hierarchical phases (B and C) of intervention, 

provides the opportunity to evaluate the time course of motor learning in terms of skill 

acquisition, consolidation, savings and interference to achieve accurate speech production. 

Experimental control was maintained through the establishment of a stable baseline for all 

participants prior to the commencement of intervention; and the repeated measurements of 

both targeted and control behaviours, throughout the study phases.  

Measures 

Weekly speech probes were administered within each study phase. The speech probes 

consisted of three groups of twenty words. Group one contained trained and untrained words 

based on intervention priority one (IP1), group two contained trained and untrained words 

based on intervention priority two (IP2) and group three contained control words based on the 

untrained intervention priority three (control goal). 

At each testing session, six cards from each of the 5 trained and untrained 20- word pools 

were randomly selected, to give a total of 30 words to be used on that day. These cards were 

then shuffled and administered to the children in random order. At the end of the session, the 

cards were returned to the word pools. At the next session, six words were selected randomly 

again, without any consideration of which words had been chosen in any previous sessions. 

The word pools were individualised to each participant and designed to facilitate the 

establishment of new motor-speech movement patterns. See Appendix Table 1 for an 

example of the speech probe word-set for one participant. 
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An independent PROMPT trained speech-language pathologist (referred to as the 

transcriber), blinded to the phases of the study and the participants, completed the scoring of 

the speech data. Each word was scored for accuracy of the targeted motor speech movement 

pattern (MSMP) and perceptual accuracy (PA). A binary coding system was used to code 

each parameter, where 0 = inaccurate and 1 = accurate. A score of 1 was assigned as follows: 

MSMP:  the targeted motor speech movement pattern of that intervention priority for the 

individual participant was appropriately executed. Words containing more than one 

movement goal (e.g., push = lip-to-lip contact for /p/ and rounding /sh) were assigned a 

fraction (e.g., /p/ = ½, /sh/ = ½ point) to enable a maximum score of one point for each 

parameter. 

PA:  production of the target word was perceptually correct based on the extIPA 

diacritics (Ball & Müller, 2005) that code sliding articulation, tongue position (e.g., retracted, 

bladed), dental production of bilabials, labial spreading and nasalisation. 

Scoring Process. 

Pre-training. 

The transcriber and chief investigator jointly transcribed a speech sample of a child (non-

participant) with moderate-to-severe speech disorder, with speech characteristics similar to 

the speech of the children anticipated to participate in the study. The key error patterns 

sampled were discussed and key diacritics of the extIPA used to represent these errors were 

identified.  

Consensus. 

The transcriber and chief investigator independently transcribed a speech sample of a 

child (non-participant) with a moderate- to-severe speech disorder using narrow phonetic 

transcription. All points of difference or disagreement were discussed and transcription 
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consensus reached. Upon obtaining 90% inter-rater agreement, the transcriber commenced 

independent transcription of the speech samples of the participants. 

Intervention 

Intervention protocols were designed and administered in accordance with the tenets of 

the PROMPT philosophy, as detailed in the Introduction to Technique manual (Hayden, 

2003). The PROMPT approach incorporates dynamic tactile-kinaesthetic-proprioceptive 

input to facilitate speech production. The tactile input administered was dependent on the 

needs of the individual participant. 

Video footage of each participant completing the Arizona-3, and the chief investigator’s 

observations of each participant’s motor speech movement patterns, was sent to Ms Deborah 

Hayden (Director and Founder of the PROMPT Institute) for confirmation of the intervention 

priorities for each participant, and the speech probe word-sets. 

Upon confirmation of the intervention goals, the chief investigator consulted with the 

treating speech pathologist to set the intervention protocol tailored to reflect the individual 

interests and age of each participant as described in Ward et al. (2013). 

Three intervention priorities were selected:  Treatment objectives written for the first two 

objectives and the third intervention priority served as an untreated control goal. Participants 

2, 3, 5 and 6 targeted mandibular control in phase B and labial-facial control in phase C. 

Participant 1 targeted labial-facial control in phase B and lingual control in phase C. 

Participant 4 targeted mandibular and labial-facial control simultaneously in phase B and 

lingual control in phase C. Each participant’s intervention priorities across the intervention 

phases are illustrated in Table 2.  

Participants attended therapy once a week for a duration of 45 minutes. Each treatment 

session followed the same format. The session commenced with a 5-minute warm-up period, 

followed by a 15-minute activity. Upon completion of the activity a second 5-minute warm-
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up was followed by a second 15-minute activity. The warm-up period consisted of massed 

practice of individual phonemes and words. All participants were encouraged to start in a 

neutral posture (i.e. lips softly closed together without excessive retraction). Knowledge of 

performance feedback was provided after each trial. During the 15-minute activity words 

from the trained word-set pool were practiced in a distributed manner. Knowledge of 

performance and results were randomly given. No prescribed schedule was adhered to and 

varied across the therapy sessions. However, therapists were required to provide information 

regarding the motor movement pattern and perceptual accuracy. For example, “you opened 

your mouth too wide, let’s do that again with a smaller mouth”. The PROMPT technique was 

applied as described in the Introduction to Technique Manual (Hayden, 2003).  

Four PROMPT trained therapists administered the intervention protocols. Inclusion 

criteria for therapist participation in the study included (a) completion of the Introduction to 

Technique workshop, (b) completion of the case study detailed in the Introduction to 

Technique manual within 3 months of the workshop, (c) regular use of the technique for at 

least 9 months, (d) attendance at a PROMPT mentoring day held by Deborah Hayden in 

October 2006, (e) a fidelity rating to the PROMPT approach of no less than 80% as assessed 

by an independent senior PROMPT Instructor, and (f) an expression of interest to participate 

in the study. The therapists only administered the PROMPT intervention and were not 

involved in any scoring or administration of testing protocols. 

Reliability and Fidelity  

Speech Data. 

Twenty percent of the data were randomly selected by the research assistant and given to 

the transcriber for rescoring. An intra-rater agreement of 94% and 93% for accuracy of 

speech production and motor-speech-movement-parameters respectively, was achieved.  
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Fifty percent of the data were randomly selected for determination of inter-rater 

reliability. An inter-rater agreement of 87% and 91% for accuracy of speech production and 

motor-speech-movement-parameters respectively, was achieved. These agreement values are 

within the range deemed “acceptable” for research needs (Shriberg et al., 2010). 

Intervention. 

The PROMPT Institute provided an independent senior PROMPT Instructor, who was 

blinded to the phases of the study and the intervention session, to evaluate each therapist’s 

fidelity to the treatment approach, using the PROMPT fidelity protocol (Rogers et al., 2006).  

 Prior to commencing the study, each therapist’s fidelity to the PROMPT approach was 

evaluated, with all therapists obtaining a minimum of 80% fidelity. Two further fidelity 

measures, per participant, per intervention phase were taken to generate a total of four fidelity 

ratings per participant. Fidelity measures throughout intervention block one (phase B) ranged 

between 77.7% and 93.7%. All therapists achieved the desired 80% fidelity during 

intervention block two (phase C) with scores ranging between 80.2% and 97%. 

 

Data Analyses 

The determination of intervention effects in SSRD requires a judgement about changes 

in: stability (consistency of response over time), magnitude (level); and trend (direction) of 

performance both within and between the study phases (Portney & Watkins, 2009).  

In addition to visual inspection, statistical methods were used to evaluate changes in the 

data as follows:  

1. Change in performance level using the two standard deviation (2SD) band analysis. 

Typically a significant change is considered to have occurred when two consecutive points 

fall outside the upper and lower confidence levels. However, given there were insufficient 
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data points to calculate the degree of serial dependency, a more stringent criterion of 3 

consecutive data points was used (Orme & Cox, 2001). 

2. Change in trend using the conservative dual-criterion method of trend estimation with 

binomial test (Fisher, Kelley, & Lomas, 2003; Wambaugh & Mauszycki, 2010). 

3. The magnitude of the treatment effect calculated using a modified Cohen’s d, based on 

the pooled standard deviation (Dunst, Hamby, & Trivette, 2004; Solanas, Manolov, & 

Onghena, 2010). 

Results 

Visual Inspection 

Graphs of the speech probe data across the study phases are shown in Figures 1-6 for 

each participant. These graphs show the effect of treatment on the motor-speech movement 

patterns and speech production accuracy following the training of the intervention priorities. 

Data for the MSMPs and PA for each intervention priority are presented in separate graphs, 

ordered from top to bottom with the IP1 presented at the top, IP2 in the middle and the 

control goal at the bottom. The data indicate low and stable baselines with a positive 

treatment effect evident for all participants on the trained and untrained word-sets. No 

significant changes were recorded in the control goal. 

Statistical Analysis 

Change in level. 

Table 3 details a summary of the 2SD-band analysis on the speech probes for each 

intervention priority for each of the participants, across the study phases.  

The data show a significant change in performance level subsequent to the PROMPT 

intervention for: 

1. All participants on the MSMPs of intervention priority1 between phases A1-B; and 4/6 

between phases B-C during the training of intervention priority 2. Five participants (one 
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participant had no follow-up data) achieved a statistically significant increase at 12-weeks 

post-intervention (A2) as compared to phase A1. 

2. Four participants in PA of intervention priority 1 and intervention priority 2 between 

phases A1-B. In addition, one participant recorded a statistically significant increase in PA 

between phases B-C; and five participants achieved a statistically significant increase in 

intervention priority 2 between phases A1-C. 

3. All participants in PA on both intervention priorities at 12-weeks post-intervention. 

No significant change to the control goal was recorded. 

Change in slope. 

Table 5 summarises the split-middle and binomial tests on the speech probes for each of 

the participants across the study phases. 

The data show a significant change in trend direction subsequent to the PROMPT 

intervention for: 

1. All participants on the MSMPs of IP1 between phases A1-B. 

2. Five participants on the MSMPs of IP2 between phases A1-C, and 3/6 between phases 

B-C.  

3. Five participants in PA on IP1 between phases A1-B   

4. All participants in PA on IP2 between phases A1-C and, 1 participant between phases 

B-C. 

No significant change to the control goal was recorded. 

Effect size. 

The magnitude of the treatment effect was evaluated using the Cohen’s d effect size, 

calculated across each of the study phases (see table 5). The data indicate a cumulative 

treatment effect for all perceptual outcome measures across the study phases, with phases A1-

B and A1-A2 recording the largest effect size. 
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Discussion 

The findings of this study show all participants recorded substantial change in speech 

production accuracy subsequent to the PROMPT intervention. Speech production accuracy 

was assessed for both attainment of the targeted motor-speech movement pattern (MSMP) 

and perceptual accuracy (PA) using weekly speech probes. All participants recorded changes 

on the trained and untrained speech probes for the intervention priorities targeted during both 

intervention phases of the study, with the initial treatment phase recording the greatest 

magnitude of change. There was no significant change to the control word-sets thus providing 

evidence that the changes in perceptual accuracy and motor speech movement patterns were 

due to the effectiveness of the therapy. These findings are consistent with the study 

hypotheses. 

The use of a single-subject research design with two inter-hierarchical phases of 

intervention provided the opportunity to evaluate the time course of motor learning in terms 

of skill acquisition and consolidation (Kostrubiec, et al., 2006; Luft & Buitrago, 2005). 

Specifically, the initial relatively short-term skill acquisition of the first intervention priority 

in intervention block one (phase B) can be compared to the ongoing skill 

acquisition/consolidation of that same skill, during a second intervention phase that targeted a 

second intervention priority (phase C). The subsequent introduction of a second priority 

during the second intervention phase presented the opportunity to make observations 

regarding effect of therapy on the first intervention priority during the training of the second 

intervention priority (anterograde interference).  

The results of this study are discussed in turn, for each intervention priority across the 

study phases. 
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Intervention priority one. 

Phase B: Skill Acquisition. 

Two patterns of motor learning were evident. An initial rapid and immediate change 

followed by incremental improvement was observed in P2-P6. The second pattern was 

defined by small and gradual change that continued throughout the intervention phase (P1). 

This second pattern had limited change from baseline data until week eight, where a rapid 

gain followed by gradual skill acquisition was observed. These results are consistent with 

data reported from intervention studies aimed at developing complex motor control skills in 

children with cerebral palsy (Barnes & Whinnery, 2002; Shumway-Cook, Hutchinson, 

Kartin, Price, & Woollacott, 2003).  

Possible explanations for the different patterns of learning in children with CP could be 

linked to severity, diagnosis, age or any non-linear combination of these. Shumway-Cook et 

al. (2003) suggested patterns of motor learning observed in their study were associated with 

the level of disability. They report two participants rated level I on the GMFCS (least severe) 

with spastic hemiplegia showed rapid change, whilst three participants rated at level II with 

diplegia showed gradual improvement. Similar to Shumway-Cook et-al. (2003), the 

participant to record the most gradual change in this study (P1) differed from the other 

participants in terms of diagnosis and intervention priorities targeted. P1 was rated level III 

on the GMFCS with a diagnosis of athetosis, had the severest global motor score on the 

VMPAC and was also the oldest. Thus, it is also possible that the pattern of learning is 

influenced by age. For example, the youngest participants (P5, P6) in this study recorded a 

rapid profile of change.  

These data indicate a complicated and non-linear relationship of skill acquisition in 

individuals with neurologic impairment. This is illustrated in the data of P3. This participant 

had a diagnosis of spastic quadriparesis, was rated level II on the GMFCS, and recorded the 
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second lowest global motor score on the VMPAC. The severity of motor impairment suggests 

this participant should have recorded a gradual pattern of change. However, P3 recorded a 

pattern more consistent with rapid change. 

Phase C: Consolidation. 

The hypothesis that training the second intervention priority in phase C would not 

interfere with consolidation of the earlier trained behavior (intervention priority one) in phase 

B was supported. During phase C, when intervention priority two was targeted, the overall 

pattern observed in the data for intervention priority one was consistent with a phase of 

consolidation. This was indicated by a decrease in the steepness of the slope, small 

incremental gains in performance level and increased stability in the data. 

The results obtained in phase C are discussed within the context of resource allocation as 

well as the role of tactile-kinaesthetic input. In this study, resource allocation is considered in 

terms of both cognitive attention required for the task and strength of coupling between the 

existing and “to-be-learned” behavior (Temprado, Zanone, Monno, & Laurent, 2001). 

Learning a sequenced task (as is required in speech) involves consolidation of both 

explicit and implicit components of the task, with these two components operating on 

different time scales (Ghilardi, Moisello, Silvestri, Ghez, & Krakauer, 2009). The literature 

suggests children with CP are less successful than TD peers in learning sequences due to 

increased cognitive demands that contributed to impaired implicit and explicit memory skills 

(Gagliardi, Tavano, Turconi, Pozzoli, & Borgatti, 2011). 

Empirical evidence to support the hypothesis that training one intervention priority at a 

time has the benefit of decreasing the cognitive load can be found in coordination studies. For 

example, Serrien (2009) explored the competition between new (2:1 finger-tapping task) and 

existing (1:1 in/anti-phase finger task) dynamics in a bimanual finger-tapping task, using two 

experimental conditions with an ABA design.Whilst both groups recorded significantly 
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improved performance in the training task, the participants that had their training schedules 

interrupted with another task (that consisted of an already acquired behaviour) were less 

accurate. The interpretation of this finding was that competition occurred as a result of 

attending to two tasks, and provides evidence that attending to two tasks during the rapid 

acquisition phase can create competition between the existing skill and the new to be-

developed skill.  

Despite the lesser complexity of these experimental tasks compared to speech, the 

findings could support the interpretation that training the second intervention priority 

separately, as opposed to interweaving the two intervention priorities in the same phase, 

promoted stabilization due to minimization of competing resource allocation. Further, 

empirical data indicates the greater the coupling (intrinsic biomechanical properties, 

cognitive demands and task constraints) between the existing (intervention priority one) and 

new behaviour (intervention priority two), the greater the resistance to interference 

(Temprado, et al., 2001). The speech science literature supports the notion of a lower order 

jaw/lip and higher order lip aperture synergy (Smith & Zelaznik, 2004). It is possible that the 

interarticulator coupling associated with the jaw/lower lip synergy, and use of tactile-

kinaesthetic input to control the degrees of freedom of movement, promoted consolidation. 

It is proposed that the tactile-kinaesthetic input provided in this study served to stabilise 

the first intervention priority (as shown by the small incremental gain and decrease in 

variability) whilst destabilising the second intervention priority, to facilitate a phase shift 

toward a transition of change. Kelso, Fink, DeLaplain, and Carson (2001) state “coupling 

specific aspects of an individual movement to specific sensory information from the 

environment serves to stabilise coordination globally” (p. 1210). They report haptic 

information serves to stabilise movement patterns in one training condition, whilst 

destabilising in another condition. The data from this study are consistent with this statement. 
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Intervention priority two. 

Phase B: Skill Acquisition. 

Visual inspection of the speech probe data indicates the training of IP1 affected the 

performance of IP2 during phase B. Two participants (P4 and P5) recorded a significant 

change in performance level to the MSMPs of IP2, whilst four participants recorded a 

significant change in PA. Further, the data shows increased variability in comparison with the 

baseline phase. 

Mattar and Ostry (2007), provide evidence that suggests increased generalisation should 

be expected when training movements that are close together and involve similar patterns of 

muscle activation. The results observed in this study support these findings for the four 

participants who were directly targeted for mandibular control (intervention priority one). 

Empirical data indicate the jaw is the primary articulator, with early lip movements tied to 

mandibular control in early motor development (Green, et al., 2000; Green, Moore, & Reilly, 

2002; Walsh, Smith, & Weber-Fox, 2006). Studies have also demonstrated that perturbation 

of the jaw will cause compensatory changes to the lips (Gomi, Honda, Ito, & Murano, 2002). 

It was therefore hypothesised that improving and refining control of the mandible would 

result in changes at the labial-facial level of control. 

Additional support for the interpretation that movements that involve similar patterns 

show better generalisation is also found in the data recorded for P1. This participant 

commenced training at the labial-facial level of control (IP1). The second intervention 

priority targeted lingual control. Whilst there was an increase in the variability of IP2 during 

the training of IP1, there was no change in performance level or trend direction. As explained 

by Mattar and Ostry (2007), it may be that the patterns of muscle activation were too 

dissimilar and thus generalisation was less. 
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Research aimed at evaluating single versus concurrent acquisition would further our 

knowledge pertaining to competing attention in skill acquisition in children with CP. It is 

well recognised that the type of training schedule affects motor learning (Maas et al., 2008). 

Whilst the literature also provides evidence to support concurrent skills training, there are 

limited data available that examine schedules of motor skill learning in children with CP. 

Recently, Wambaugh and Mauszycki (2010) reported evidence of over-generalisation in a 

participant with acquired apraxia of speech, subsequent to dual skills training. They 

postulated impaired sensory motor integration may have attributed to over-generalisation 

observed in the participant in their study. Given children with CP present with impaired 

sensory motor integration this needs to be further examined when considering intervention 

protocols. 

Phase C: Interference. 

The changes observed in IP2 in phase C are interpreted with reference to behavioural 

studies that have explored the effect of anterograde interference on motor learning (Kelso & 

Zanone, 2002; Krakauer, Mazzoni, Ghazisadeh, Ravindran, & Shadmehr, 2006; Sing & 

Smith, 2010). Anterograde interference refers to the process by which learning a novel task 

(task B) is influenced by the previously learned behaviours (task A). Of particular interest to 

this study are the data reported by Sing and Smith (2010) that suggest the learning of a 

subsequent task may proceed more slowly than the previously trained task. Visual inspection 

of the data during the training of the second intervention priority (phase C), show the 

maximum performance level achieved was 67% for MSMPS and 75% for PA on the trained 

word set. Whilst the change in performance level was statistically significant for 5 

participants, the level of performance and rate of learning on IP2 was less than IP1 for all 

participants in this study. These results are therefore consistent with findings reported in the 

literature. 
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Two possible explanations for interference include the level of skill mastery and the 

effect of task similarity. Sing and Smith (2010) found that duration of training, and not 

necessarily the level of mastery, had a significant impact on the degree of interference. They 

state “the amount of anterograde interference depends systematically on the strength of a 

particular component of the initial adaptation rather than on the total amount of adaptation 

that is achieved” (p. 2). Specifically, the group of participants in their study that had more 

training trials (230-trial group) had more interference than the group that received less 

training (13-trial group), even though this group had recorded a lower level of mastery. 

The data from this study challenge the application of high level skill mastery as a 

criterion for continuing or terminating intervention. Typically the success of an intervention 

program is based on performance mastery, with a mastery criterion typically of 

approximately 80% - 90% applied before proceeding to the next intervention phase 

(Williams, 2000). This study differed in that an a priori decision was made to continue 

intervention regardless of performance gain (Gierut, 1998). None of the participants recorded 

performance mastery of the MSMPs above 66% in IP1. However, all participants with the 

exception of P4 made progress on IP2. In addition, there was minimal interference on IP1. It 

is therefore interpreted that a mastery of 80% accuracy is not a requirement for moving to a 

second intervention priority. In fact, it could be argued that setting a criterion of mastery too 

high could interfere with the mastery of a second higher-order skill. These results support the 

statement of Rvachew, Rafaat and Martin (1999) that “it is unnecessary and inefficient to 

treat an individual target sound continuously until mastery is achieved [emphasis added]” (p. 

33).  

A second explanation for the observation of minimal interference is based on evidence 

that suggests learning both requires and results in the modification of pre-existing behaviours 

(Kelso & Zanone, 2002). Thus, the learning of a new task may be expected to either 
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cooperate or compete with existing behaviours. A “to-be-learned behaviour” that cooperates 

with a previously learned behaviour is expected to increase the rate of learning as a result of a 

reduction of competition between task requirements. 

The data from this study indicate that the training of IP1 was a cooperative priority to 

IP2, for the participants who commenced training at the mandibular level of control. 

Continued improvement to IP1 was recorded in five participants, between baseline and the 

second intervention priority.  

An example of how training of a second intervention priority competes with previously 

learned behaviour is evident in the data from P4. The clinician was required to support 

mandibular stability for P4 whilst targeting labial-facial control. This participant recorded 

data that showed rapid but variable skill acquisition in the first intervention priority. During 

the training of the second intervention priority, the first intervention priority maintained a 

variable pattern of performance, with a slight decrease in the trend direction. No real change 

was observed in the performance accuracy of the second intervention priority in this phase. 

Thus the data from this participant support the notion that training of the first intervention 

priority was successful because the muscles of activation were similar; however, the second 

intervention priority (lingual control) introduced patterns of activation that were too 

dissimilar and contributed to resource competition.  

Further, the results suggest that changes to the higher order synergy of lip aperture 

required greater refinement and therefore lagged the MSMP changes. Whilst significant 

changes in the MSMPs were recorded between phases B-C, changes in PA reached statistical 

significance between phases A-C for five participants but only one participant recorded a 

statistically significant change between phases B-C. 

Interpretation of the results of this study, as considered within the theoretical perspective 

framework of dynamic systems theory (and coordination dynamics) suggest the learning of 
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IP2, (for five participants) was sympathetic to the skills acquired in IP1, and therefore 

promoted learning of the second intervention priority. For one participant, the second 

intervention priority introduced competition. This perspective supports the results that were 

obtained not only on the speech production measures discussed here, but also the kinematic 

measures discussed in Ward et al. (2013). 

The results obtained in this study indicate the need for additional research to further 

develop our understanding of our ability to predict the influence of interference on motor 

learning. The role for further research aimed at not only examining the rate and level of 

performance change, but also potential to influence performance mastery by manipulating 

time frames within treatment designs requires further investigation.  

   

Limitations 

Single word measures were used in this study due to the severity of the speech 

impairment in the participants. This does not recognise that speech intelligibility is a multi-

dimensional construct influenced by factors that include linguistic complexity. For example, 

Hustad, Schueler, Schultz and Duhadway (2012) reports data that indicates children with CP 

experience decreased speech intelligibility with increasing sentence length. This study could 

have been strengthened through the use of an outcome measure designed to enable the 

systematic evaluation of changes to speech production with increasing linguistic complexity 

(Hodge & Whitehall, 2010). 

Further, it is acknowledged this is an early phase experimental research study, with a 

small participant sample. Further research is required to evaluate the effectiveness of this 

approach in a larger group of children with CP, as well as compare the effectiveness with an 

alternate approach. 
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Conclusion 

The data from this study provide preliminary evidence to suggest that an intervention 

approach framed within the principles of DST; and aimed at developing efficient functional 

movement patterns, through the establishment of appropriate movement boundaries, resulted 

in improved motor-speech control. These findings support the need for further investigation 

of therapy protocols designed to accommodate different phases of motor-learning in targeting 

motor-speech strategies in children with CP.  

The application of the principles of motor learning in speech-language intervention 

protocols is strongly recommended (Ludlow et al., 2008; Maas, et al., 2008). Whilst the 

principles of motor learning are considered essential components of intervention approaches 

focused on the development of motor skills, research into these principles has been largely 

limited to the typically developing population. The results of our study suggest that 

participants not only exhibited the two phases of skill acquisition and consolidation consistent 

with the general motor control literature, but that they also continued to record improvements 

during the non-intervention follow-up phase. This phenomenon has been previously 

documented in the motor learning literature for children with CP subsequent to physiotherapy 

intervention (Trahan & Malouin, 2002).  
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Table 1 

 

Participant Characteristics 

 

Characteristic P1 P2 P3 P4 P5 P6 

Age 11;9 8;5 5;4 5;2 3;0 3;6 

Sex F F F M M M 

Type of CP Dyskinetic RH Quad LH RH LH 

GMFCS 3 3 2 2 2 1 

Vision NAD Corrected NAD NAD NAD Reduced in 

left eye 

Hearing NAD NAD NAD NAD NAD NAD 

Epilepsy NAD Controlled NAD NAD NAD Controlled 

IQ Estimate a 79 70 85 73 95 121 

Attention and Memory 
a
 93 90 73 81 - 100 

Receptive language b -1SD +1SD -1SD -2SD -1SD +1SD 

Intelligibility c 54% 54% 36% 20% 34% 30% 

Arizona-3 -2SD -2SD -1.5SD -1.5SD -1.5SD -1.5SD 

Total Score 67.5 79 69 68.5 60.5 54.4 

PPC 2.5% 12.6% 8% 13.5% 6.5% 5.6% 

VMPACd       

Global Motor 25% 65% 50% 60% 60% 70% 

Focal Oromotor 37% 53% 26% 57% 29% 43% 

Sequencing 91% 65% 83% 24% 0% 34% 

Connected 

Speech/Language 

58% 78% 58% 51% 35% 46% 

Speech 

Characteristics 

14% 57% 14% 57% 28% 57% 

Note. CP = cerebral palsy, RH = spastic right hemiparesis, LH = spastic left hemiparesis, Quad = spastic 

quadriparesis, NAD = no abnormality detected, GMFCS = Gross Motor Function Classification System, 

Arizona-3 = Standard deviation and total score obtained on The Arizona Proficiency Scale, Third Revision 

(Fudala, 2000), PPC = percentage phonemes correct. 
a Based on the Leiter-R International Performance Scale - Revised (Roid and Miller, 1997).b Obtained on the 

Clinical Evaluation of Language Fundamentals - Preschool ( Wiig, Secord and Semel, 1992) or Clinical 

Evaluation of Language Fundamentals - 4 (Semel, Wiig and Secord, 2003).  
c Obtained on the Children’s Speech Intelligibility Measure (Wilcox and Morris, 1999). 
d Verbal Motor Production Assessment for Children (Hayden and Square, 1999). 
 

 



 

Table 2 

Participant Intervention Priorities 

Participant Intervention Priority One:  

Phase B 

Intervention Priority Two:  

Phase C 

Intervention Priority 

Three: Control 

1 Reduce jaw open distance in words containing high vowels. 

Lip to lip contact during bilabial productions. 

Anterior elevation of the tongue within the mouth 

and independent of the jaw (tongue movements 

external and laterally rotated). 

Sequenced movements 

(e.g CCVC). 

    

2 Facilitate jaw grading and distance between low vowels. Decrease 

anterior thrust of jaw (evident with increased jaw open distance). 

Decrease jaw open distance on high vowels. 

Facilitate appropriate neutral, rounded and retracted 

lip movements. 

Anterior tongue 

movements independent 

of jaw. 

    

3 Reduce path distance travelled on low vowels. Promote controlled 

open-to-closed jaw actions (ballistic action pushing lower lip 

superior to upper lip and excessive retraction used to stabilise jaw). 

Independent lip movements - rounded movements 

for rounded vowels. 

Lip-to-lip contact during bilabial contact. 

Anterior tongue 

movements independent 

of jaw. 

    

4 Facilitate jaw grading in words containing low and high vowel 

positions. 

Facilitate rounding and retraction. 

Anterior tongue control independent of jaw. Sequenced movements. 

    

5 Increase jaw grading between the jaw height positions.  Maintain 

midline stability on low vowels. 

Facilitate appropriate neutral and rounded lip 

movements (excessive retraction). 

Anterior tongue 

movements independent 

of jaw. 

    

6 Increase jaw open distance on low vowels with return to closure on 

CVC words. 

Facilitate appropriate neutral and rounded lip 

movements (excessive retraction). 

Anterior tongue 

movements independent 

of jaw. 

Note: C= consonant, V= vowel. 



Table 3 

Summary of the Two-Standard Deviation Band Analysis on the Speech Probes across the 

Study Phases for each of the Participants 

 

Note. *S = significant, I = insignificant, P = Participant, IP = Intervention Priority, TR = trained, UT = 

untrained, MSMP = motor-speech-movement pattern, PA = perceptual accuracy, A1→B = baseline (phase A) to 

intervention block 1 (phase B), A1→C = baseline (phase A) to intervention block 2 (phase C), B→C = 

intervention block 1(phase B) to intervention block 2 (phase C) - = no data, ‡ = baseline data-point six removed 

from the analysis, C = = unable to calculate due to ceiling effect. 

 

   IP 1  IP 2   IP 3 

  TR  UT  TR   UT  Control 

P  Phase 

MS

MP PA   

MS

MP PA   

MS

MP PA   

MS

MP PA   

MS

MP PA 
1 A1→ B *S *S  *S *S  I I  I I  I I 
 A1→C *S *S  *S *S  *S *S  *S *S  I I 
 B→C I I  I *S  *S *S  I *S  I I 
 A1→A2 *S *S  *S *S  *S *S  *S *S  I I 

2 A1→ B *S *S  *S I  I *S  I *S  I I 
 A→C *S *S  *S *S  *S *S  *S *S  *S I 
 B→C C I  I C  *S I  *S C  I I 
 A1→A2 *S *S  *S *S  *S *S  *S *S  I I 

3 A1→ B *S *S  *S *S  I *S  I *S  I I 
 A1→C *S I  *S I  *S *S  *S *S  I I 
 B→C I I  I I  *S I  *S I  I I 
 A1→A2 *S *S  *S *S  *S *S  *S *S  I I 

4 A1→ B *S I  *S I  *S *S  I I  I I 
 A1→C *S *S  *S *S  I *S  I I  I I 
 B→C I I  I I  I I  I I  I I 
 A1→A2 *S *S  *S *S  *S *S  *S *S  I I 

5 A1→ B *S I  *S ‡S  *S I  *S I  I I 
 A1→C *S *S  *S *S  *S *S  *S I  I *S 
 B→C I I  I I  *S I  *S I  I I 
 A1→A2 - -  - -  - -  - -  - - 

6 A1→ B *S *S  *S *S  I *S  *S I  I I 
 A1→C *S *S  *S *S  *S I  *S I  I I 
 B→C I I  I I  I I  I I  I I 
 A1→A2 *S *S  *S *S  *S *S  *S *S  I I 



Table 4 

Summary of the Split-middle and Binomial Test on the Speech Probes across the Study Phases for each of the 

Participants 

Note. *S = significant, I = insignificant, P = Participant, IP = Intervention Priority, TR = trained, UT = 

untrained, MSMP = motor-speech-movement pattern, PA = perceptual accuracy, A1→B = baseline (phase A) to 

intervention block 1 (phase B), A1→C = baseline (phase A) to intervention block 2 (phase C), B→C = 

intervention block 1(phase B) to intervention block 2 (phase C) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
IP 1 

 
IP 2 

 
IP3 

 

 

  

  TR  UT  TR  UT  Control 

P Phase 

MS

MP PA  

MS

MP PA  

MS

MP PA  

MS

MP PA  

MS

MP PA 

1 A1→B *S *S  *S *S  I I  I I  I I 

 A1→C *S *S  *S *S  *S *S  *S *S  I I 

 B→C I I  I I  *S *S  I I  I I 

2 A1→B *S *S  *S I  *S I  I I  I I 

 A1→C *S *S  *S *S  *S *S  *S *S  I I 

 B→C I I  I I  I I  I *S  I I 

3 A1→B *S *S   *S *S   I *S   I I   I I 

 A1→C *S *S  *S *S  *S *S  *S *S  I I 

 B→C I I   I I   *S I   *S I   I I 

4 A1→B *S *S   *S *S   I I   I I   I I 

 A1→C *S *S  *S *S  I *S  I *S  I I 

 B→C I I   I I   I I   I I   I I 

5 A1→B *S I  *S I  *S *S  *S *S  I I 

 A1→C *S *S  *S *S  *S *S  *S *S  I I 

 B→C I I   I I   I I   I I   I I 

6 A1→B *S *S   *S *S   I *S   *S *S   I I 

 A1→C *S *S  *S *S  *S *S  *S *S  I I 

 B→C I I   I I   *S I   I I   I I 



Table 5 

Effect Size Data on the Speech Probes across the Phases of the Study for each Participant 

   PHASE B   PHASE C 

  IP 1   IP 2  IP 3  IP 1  IP 2  IP 3 
P Measure TR UT   TR UT   C   TR UT   TR UT   C 

1 MSMP 1.5 2.2  0.7 0.2  U/C  1.6 1.5  1.8 1.2  U/C 

 PA 1.9 2.6  0.5 0.0  0.2  1.2 1.3  2.4 2.7  0.2 

2 MSMP 3.0 2.5  1.4 1.5  0.9  0.8 1.4  2.3 1.8  0.3 

 PA 2.4 0.7  1.5 1.8  1.2  0.7 0.7  0.5 0.7  0.6 

3 MSMP 1.7 2.1  0.6 1.3  -0.4  0.4 0.5  2.9 2.1  -0.5 

 PA 0.5 0.7  1.0 1.0  0.0  1.0 0.6  1.1 1.1  -1.2 

4 MSMP 1.9 2.3  1.0 0.9  U/C  1.1 0.9  1.1 0.5  U/C 

 PA 1.2 1.4  1.2 0.6  0.7  0.9 0.7  1.0 0.5  0.4 

5 MSMP 1.8 2.5   3.2 3.1   -0.1   0.1 0.5   1.9 1.5   0.3 

 PA 1.1 1.7  1.0 1.8  0.8  1.1 0.8  0.8 -0.2  0.3 

6 MSMP 2.2 3.1  1.4 3.3  0.5  0.9 0.5  2.0 1.7  -0.5 

 PA 2.1 1.8  1.2 1.6  0.3  0.2 0.1  0.1 -0.3  0.2 

Note: IP = Intervention Priority, TR = trained, UT = untrained, C = control, U/C = unable to calculate due to 

data consisting of zero scores. 

 



Table 1A 

Example of a Speech Probe Wordlist 

  

 

 

 

 

 MANDIBULAR LABIAL-FACIAL LINGUAL 

 TRAINED UNTRAINED TRAINED UNTRAINED CONTROL 

1 BAA (SHEEP) MAA (GOAT) POOH MOO SAT 

2 ARM AM NOW WOW CUP 

3 ONE DONE YOU DO COAT 

4 BUBBLE 

(BABAL) 

PAPA WASH WISH DUCK 

5 UP HIGH PUSH BUSH SACK 

6 MY BYE BOAT BOW SIP 

7 BA (BALL) MA (MUM) NO DOUGH GOOD 

8 PAN PAT WATER OW OW (SORE) HOUSE 

9 HOT POT BOW MOW NOTE 

10 POP MOP GO WHOA GIRL 

11 ONE DONE SHOE SHOW BIG 
12 MINE MANE MOON (S)POON SIT 

13 ON UNA (UNDER) BOW BOA(T) CHEESE 

14 MORE POUR BEE PEA GOAT 

15 MAN NAN OH OH PO(LE) DOG 

16 PUP BUB  EAR HERE SOCK 

17 MY EYE B(L)UE DO SUN 

18 DOWN OU(T) BIR(D) PURR (CAT) PLANE 

19 BA(T) PA(T) HOME WORM CAKE 

20 PAN MAN BEEP PEEP KNOT 



 

Figure 1. Accuracy of performance on the speech probes as scored for motor speech movement patterns (MSMP) and perceptual accuracy (PA) 

across the intervention priorities and study phases for P1 
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Figure 2. Accuracy of performance on the speech probes as scored for motor speech movement patterns (MSMP) and perceptual accuracy (PA) 

across the intervention priorities and study phases for P2 
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Figure 3. Accuracy of performance on the speech probes as scored for motor speech movement patterns (MSMP) and perceptual accuracy (PA) 

across the intervention priorities and study phases for P3 
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Figure 4. Accuracy of performance on the speech probes as scored for motor speech movement patterns (MSMP) and perceptual accuracy (PA) 

across the intervention priorities and study phases for P4 
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Figure 5. Accuracy of performance on the speech probes as scored for motor speech movement patterns (MSMP) and perceptual accuracy (PA) 

across the intervention priorities and study phases for P5 
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Figure 6. Accuracy of performance on the speech probes as scored for motor speech movement patterns (MSMP) and perceptual accuracy (PA) 

across the intervention priorities and study phases for P6 
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