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Question & Answer 

¢ƻŘŀȅΩǎ {Ŝǎǎƛƻƴ 



A neurologic speech disorder reflecting an 
impaired capacity to plan or program 
sensorimotor commands necessary for directing 
movements that result in phonetically and 
prosodically normal speech.  It can occur in the 
absence of physiologic disturbances associated 
with the dysarthrias and in the absence of 
disturbance in any component of language. 

 

Definition of Apraxia - (Duffy 2005) 





Treatment Guidelines for  
Acquired AOS - ANCDS 

Academy of Neurologic Disorders & Sciences 
(ANCDS) developed documents describing AOS 
practice guidelines 

Available on website:  www.ancds.org 

Document published in 2006 

Comprehensive & extensive literature review of 
available evidence for treatment of acquired 
AOS 

Guidelines are based on reviews and 
assessments of scientific levels of evidence 



The following general categories of AOS 
treatment were found: 

Articulatory kinematic 

Rate and/or rhythm 

Alternative/Augmentative communication 
(AAC) 

Intersystemic facilitation/reorganization, and 

Other (described later in presentation) 

Acquired AOS Treatment Approaches 









Articulatory Kinematic Treatments 
Rationale: 

Half of investigations by ANCDS were considered to be 
this type of treatment category 

Based on assumptions consistent with Rosenbek, 
[ŜƳƳŜΣ !ƘŜǊƴΣ IŀǊǊƛǎΣ ϧ ²ŜǊǘȊΩǎ όмфтоύ ŘŜŦƛƴƛǘƛƻƴ ƻŦ 
AOS 

άbƻƴƭƛƴƎǳƛǎǘƛŎ ǎŜƴǎƻǊƛƳƻǘƻǊ ŘƛǎƻǊŘŜǊ ƻŦ 
ŀǊǘƛŎǳƭŀǘƛƻƴΧ¢ƘŜǊŜŦƻǊŜΣ ǘƘŜǊŀǇȅ ǎƘƻǳƭŘ ŎƻƴŎŜƴǘǊŀǘŜ ƻƴ 
ǘƘŜ ŘƛǎƻǊŘŜǊŜŘ ŀǊǘƛŎǳƭŀǘƛƻƴΧΦόŀƴŘύ ŜƳǇƘŀǎƛȊŜ ǘƘŜ 
regaining of adequate points of articulation and the 
ǎŜǉǳŜƴŎƛƴƎ ƻǊ ŀǊǘƛŎǳƭŀǘƻǊȅ ƎŜǎǘǳǊŜǎέ 

Techniques of AK treatment focuses on improving 
spatial & temporal components of speech production 



Articulatory Kinematic Techniques  
Consists of motoric practice of speech targets 

Verbal production is required 

Most techniques also rely on modeling/repetition 
tasks 

Variation of modeling ς ΨƛƴǘŜƎǊŀƭ ǎǘƛƳǳƭŀǘƛƻƴΩ 

.ŜǘǘŜǊ ƪƴƻǿƴ ŀǎ άǿŀǘŎƘ ƳŜΣ ƭƛǎǘŜƴ ǘƻ ƳŜΣ ǎŀȅ ƛǘ 
ǿƛǘƘ ƳŜέ 

Articulation placement cues also component of AK 
treatment; typically provided for error sounds 

Prompts for restructuring oral and muscular 
phonetic targets (PROMPT) example of AK 
treatment 



Most of participants in guidelines study 
presented Relatively wide range of stimuli 
utilized; frequently short sentences or phrases 

Limited number of functional target utterances 

/ƻƴǎƛǎǘŜŘ ƻŦ ǇŜǊǎƻƴŀƭ ǇǊƻŘǳŎǘƛƻƴǎΣ ŜΦƎΦΣ άaȅ ƴŀƳŜ 
ƛǎ ψψψψψέΤ άL ǿŀƴǘ ǘƻ Ŝŀǘέ 

Single, real words also utilized 

Selection of target sounds varied; all perceived 
problematic for AOS speaker 

Isolated nonwords/syllables chosen as 
treatment targets 

AK Treatment Targets 



In most AK investigations, probes of targeted 
stimuli used to evaluate effectiveness 

Outcomes usually reported as positive 

Data suggests that training sufficient number of 
exemplars (e.g., 8-10 phonetic targets) likely to 
result in progression to untrained exemplars of 
specific sound 

Production of untrained sounds not likely to 
ƻŎŎǳǊΤ ǘǊŜŀǘƳŜƴǘ ŜŦŦŜŎǘǎ ΨǎƻǳƴŘ ǎǇŜŎƛŦƛŎΩ 

Treatments targeting words, phrases, sentences 
generally resulted in item specific 
improvements 

Outcomes of AK Treatment 



All patients within AK literature were diagnosed 
with severe AOS 

Patient should wish to improve speech 
production 

Some research participants were mute or 
produced significantly limited verbal 
stereotypes 

Basic candidacy includes disrupted speech 
production 

Patients were noted to present with sufficient 
auditory comprehension for following 
instructions 

AK Treatment Candidacy 



Conclusions of AK Treatment Studies  

More than half of AK studies were 
ΨŜȄǇŜǊƛƳŜƴǘŀƭΩ ƛƴ ƴŀǘǳǊŜΣ ŜΦƎΦΣ ǎƛƴƎƭŜ ǎǳōƧŜŎǘ 
designs 

AK studies, as a whole, assigned Level B 

/ƻƴǎƛŘŜǊŜŘ άǇǊƻōŀōƭȅ ŜŦŦŜŎǘƛǾŜέ 

AK treatments for AOS likely to produce 
speech production gains, even for chronic 
and/or severe AOS 





Rationale: 
Underlying premise is that AOS is disruption in 
timing of speech production 

Rhythm control treatments may facilitate re-
establishment of temporal patterns 

Hypothesized central pattern generators (CPGs) 
involved in speech production; may be 
dysfunctional in AOS 

wƘȅǘƘƳƛŎ ǘǊŜŀǘƳŜƴǘǎ Ƴŀȅ ƘŜƭǇ ΨǊŜǎŜǘΩ ǘƘŜ /tDǎ 

Further slowing AOS speech rate thought to 
provide additional motor planning/programming 
time and sensory feedback processing 

 

Rate and/or Rhythm Treatments 



An external source of control was provided , 
e.g., metronome 
Rates of production varied across and within 
investigations 
Target productions were trained to the beat of a 
metronome 
Additional techniques such as verbal feedback, 
clinician modeling, computer display, and hand 
tapping noted 
Rate control research also included the use of a 
pacing board 
 

 

Rate/Rhythm Techniques 



Types of productions systematically 
manipulated in terms of perceived increased 
complexity 

For example, use of nonspeech movements 
(tongue elevation) to rhythm/beat of metronome 
documented 

Progressed to AMR practice, then multisyllabics, 
and sentence production 

Other targets have included reiterative nonsense 
syllables, isolated vowels, and vowel combinations 

 

Treatment Targets 



Outcomes in Rate/Rhythm Control 

Improvements in speech production reported 
even when no direct sound training occurred 

Positive changes occurred for trained words as 
well as for untrained words with same stress 
pattern 

Results mixed in regard to generalization to 
untrained words with different stress patterns  



Conclusions for Rate/Rhythm Treatment 

Participants generally had less severe AOS 

Candidates demonstrated need to improve 
behaviors amenable to rate/rhythm practice 

Evidence suggested Level C rating 

¢ǊŜŀǘƳŜƴǘ ƛǎ άǇƻǎǎƛōƭȅ ŜŦŦŜŎǘƛǾŜέ 

Gains may be seen as improvement of articulation, 
increased fluency, reduced rate or decrease in 
overall AOS symptoms 

 





Intersystemic Facilitation/Reorganization 
Treatments 

Rationale: 

Involves utilization of relatively intact 
system/modality to facilitate functioning of 
impaired modality 

Treatment effects probably derived from provision 
of afferent or efferent cues 

Use of limb gestures in reorganization may provide 
additional organizational framework for speech 
production 



Intersystemic Facilitation Techniques 
Gestural reorganization most frequently studied 
technique 

Limb gesture approach 

Meaningful gestures (e.g., Amer-Ind) 

Nonmeaningful gestures (e.g., finger-counting) 

In all but one study, gestures were paired with 
verbalizations 

Singing has also been technique for AOS 

Using graphic stimuli considered to be form of 
intersystemic facilitation 

Treatment has targeted verbal production at word, 
phrase, and sentence levels.  



In most investigations, IF/R appeared to improve verbal 
productions 

Improvements documented as improved accuracy of 
articulation and increase in test scores 

Improvements in articulation may be sound 
dependent; generalization to untrained sounds was 
variable 

Maintenance of gains measured in only 1 investigation; 
decrease in accuracy during treatment withdrawal 
phases noted 

wŀǘŜŘ ŀǎ [ŜǾŜƭ /Τ άǇƻǎǎƛōƭȅ ŜŦŦŜŎǘƛǾŜέ 

Outcomes of IF/R Treatment 





Alternative/Augmentative 
Communication (AAC) Approaches 

Common motivation for using AAC was perceived need 
to improve communication through other modalities 
than speech 

AAC approaches largely individualized for each 
participant 

Comprehensive systems may include: 
Incorporation of natural speech 

Communication book 

Spelling system 

Drawing system 

Gestural system 

Communication partner training 

Writing/orthographic systems 

 



Outcomes for Use of AAC with AOS 
Positive outcomes reported for most of subjects 
using AAC 

Outcome measures varied and included increases 
in: 

Formal speech/language test scores 

MLU 

Adequacy in conveying predetermined utterances 

Communicative success 

Acquisition of symbols 

Self-initiation of writing strategy 

Outcomes can be negatively affected by potential 
AAC user not readily accepting the system 



Majority of participants were considered to have 
ΨǎŜǾŜǊŜΩ ƻǊ ΨƳƻŘŜǊŀǘŜ-ǎŜǾŜǊŜΩ ŘƛǎƻǊŘŜǊ 

Issues for candidacy in AAC use not restricted to 
individuals with AOS 

Individuals must be motivated to use AAC system 

Must have adequate motor skills to access AAC; 
presence of limb apraxia may be limiting factor 

Must also possess sufficient visual perceptual skills 

Impairments in comprehension, reading and writing 
must also be considered 

 

Candidacy Issues 



Conclusions from AAC/AOS Research 

Overall, quality and levels of evidence 
inadequate to determine treatment effects 

AAC approaches may be appropriate for some 
individuals with AOS in these situations: 

Extremely limited verbal output 

Communication needs not likely to be met through 
speech production skills 

Insufficient data to determine success of AAC  
use 

Successful use of AAC may be heavily 
ŘŜǇŜƴŘŜƴǘ ƻƴ ƴŀǘǳǊŜ ƻŦ ƛƴŘƛǾƛŘǳŀƭΩǎ ŀǇƘŀǎƛŀ 





Sentences alone and in pseudoconversations 
with significant other (SO) 

SO taught communication strategies to use with 
person with AOS 

Head movements paired with nonspeech & 
speech production 

Biofeedback for increased tension interfering 
with speech/language production 

Imitation versus silent rehearsal 

Limited studies above not of sufficient quality 
from which to draw adequate conclusions 

 

Other Treatments 





Speech production is a motor skill 
Motor learning literature may valuable information 
on facilitation of (re)learning/organization of 
speech motor system 

Ultimately, may improve quality of life for persons 
with MSD 

Clinical decisions for treatment must include the 
following factors: 

Practice structure 

Stimulus selection 

Nature of feedback 

 

Principles of Motor Learning in Treatment of 
Motor Speech Disorders 



Speech production, as a motor skill, is governed by 
similar principles of motor learning 

Consistent with EBP philosophy: 

ά¢ǊŜŀǘƳŜƴǘ ƻŦ a{5ǎ Ƴǳǎǘ ōŜ ƎǳƛŘŜŘ ōȅ ǘƘŜ ōŜǎǘ 
available knowledge about motor skill learning, and 
that this knowledge base includes evidence from 
ƴƻƴǎǇŜŜŎƘ ƳƻǘƻǊ ƭŜŀǊƴƛƴƎ ǊŜǎŜŀǊŎƘΦέ 

Unknown whether impaired motor systems are 
sensitive to same principles of learning as intact 
systems 

In absence of evidence to the contrary, principles of 
intact motor learning can provide framework for 
treatment efforts.  

Maas et al (2008) 



Important to consider distinction between 
performance during acquisition and 
retention/transfer 

Learning, which is a permanent change in 
capability for skilled movement, must be 
measured by retention and/or transfer tests 

Retention = performance levels after practice 
completion 

Transfer (generalization) = whether practice on 
one movement affects related but untrained 
movements 

Learning vs Performance 





Assumes motor programs are generalized (GMP) 

GMP is abstract movement pattern that specifies 
relative timing and relative force of muscle 
contractions, whereas the absolute timing and force 
are specified by parameters 

To select optimal instructions to the musculature and 
control the body in a wide range of situations, the 
motor system must know: 

The relations among the initial conditions 

The generated motor commands 

The sensory consequences of these motor 
commands 

The outcome of the movement 

Schema Theory 



Schemas = memory representations that 
encode the relations among types of 
information based on past experience with 
producing similar actions involving the GMP 

These types of information temporarily 
available in short-term memory and used to 
update or create 2 different schemas: 

Recall schema 

Recognition schema 

 

Schema Theory (cont) 



Encodes the relations among the initial 
conditions, the parameters used to execute the 
movement, and the outcome of the movement.   

In order to produce movement, system supplies 
recall schema with the movement goal 
(intended outcome) and information about 
current conditions 

From this, recall schema computes appropriate 
parameters 

Recall Schema 



Encodes the relations among initial conditions, sensory 
consequences of movement, and outcome of movement 

Given movement goal and initial conditions, recognition schema 
predicts sensory consequences that will occur if movement goal 
is reached 

Allows the system to evaluate movements by comparing actual 
sensory consequences with expected sensory consequences 

Mismatch between actual & expected consequences represents 
error signal used to update recall schema 

Before recognition schema can be used to judge accuracy of 
movement, system must first learn which sensory consequences 
ŀǊŜ ŎƻƴǎƛŘŜǊŜŘ άŎƻǊǊŜŎǘέ 

Lƴ ǎƻƳŜ ŎŀǎŜǎΣ ǘƘŜ ǊŜŦŜǊŜƴŎŜ ǘƻ άŎƻǊǊŜŎǘέ ŘŜǇŜƴŘǎ ƻƴ ŦŜŜŘōŀŎƪ 
from an instructor, e.g., clinician to client so that internal error 
signal may serve to correct errors in the future w/o external 
feedback 

 

 

Recognition Schema 



Schema Theory assumes series of GMPs occur in a 
particular serial order and become integrated or 
άŎƘǳƴƪŜŘέ ƛƴǘƻ ŀ ǎƛƴƎƭŜΣ ƭŀǊƎŜǊ Dat ǿƛǘƘ ƭŀǊƎŜ ŀƳƻǳƴǘǎ 
of practice 

If any of these are unavailable following movement, no 
schema updating can occur: 

Relations among the initial conditions 

Generated motor commands 

Sensory consequences of these motor commands 

Outcome of the movement 

Schema Theory appears to provide framework for 
speech motor programming 

 

Schema Theory (cont) 





Schema Theory emphasizes motor programming and 
appears particularly applicable to MSDs 

AOS may involve deficit in activating and/or 
parameterizing GMPs due to any of the following: 

Damage to GMP 

Schema that supplies the parameter settings is impaired 

Both of the above 

Disruptions in processing somatosensory feedback: 
Information about initial conditions is unavailable or 
incorrect 

Damage to recognition schema may lead to poor error 
detection: 

Augmented (clinician-provided) feedback about accuracy 
especially critical 

 

 

MSDs and Speech Motor Learning 



Prepractice 

Structure of Practice 

Practice Distribution 

Practice Variability 

Practice Schedule 

Attentional Focus 

Movement Complexity 

Feedback Type 

Feedback Frequency 

Feedback Timing 

 

Principles of Motor Learning 



Largely independent of specific training 
program employed 

Intended to prepare learning for the practice 
session 

Important goals to ensure: 
Proper motivation to learn 

Adequate understanding of task (including 
άŎƻǊǊŜŎǘέ ǊŜǎǇƻƴǎŜǎύ 

Stimulability for expected responses (to avoid 
frustration due to complete inability to produce 
target) 

Prepractice 



Motivation enhanced by understanding the 
relevance of practice tasks and treatment 
activities toward overall goal, e.g., improved 
speech 

Reduce risk of communication breakdown 

Select functionally relevant targets 

Include client in target-selection process 

{Ŝǘ ǎǇŜŎƛŦƛŎ Ǝƻŀƭǎ Ǿǎ ŀǎƪƛƴƎ ŎƭƛŜƴǘ ǘƻ άŘƻ ȅƻǳǊ 
ōŜǎǘέ 

Task understanding important for learning 

Avoid lengthy or complex task instructions, 
especially with comprehension disorders 

 

Prepractice (cont) 



Practice amount:  refers to amount of time 
spent practicing movements 

Large number of practice trials provide more 
opportunities to establish relationships among 
various types of movement information 

Large practice trials thought to enhance stability 
of recall and recognition schemas 

Large practice trials requires many occurrences 
of motor program retrieval; may automatize the 
activation of GMPs 

This evidence available in research involving 
nonspeech motor skills 

Structure of Practice 



Refers to how a given (fixed) amount of practice is 
ŘƛǎǘǊƛōǳǘŜŘ ƻǾŜǊ ǘƛƳŜΣ ǊŜƎŀǊŘƭŜǎǎ ƻŦ ΨōƭƻŎƪŜŘΩ ƻǊ 
ΨǊŀƴŘƻƳΩ ǎŎƘŜŘǳƭŜ 

Evidence suggests distributed practice (more time 
between practice trials or sessions) results in 
greater learning than massed practice (less time 
between trials/sessions) 

Distribution across several days is frequently 
encountered in clinical settings 

[{±¢ ƛǎ ŜȄŀƳǇƭŜ ƻŦ άƳŀǎǎŜŘέ ǇǊŀŎǘƛŎŜ 

Distributed practice facilitates both short-term 
performance and long-term learning in nonspeech 
domain 

Practice Distribution 



Constant practice refers to practice on only 1 variant 
(parameterization) of a movement (GMP) 

Variable practice targets more than 1 variant of a given 
movement 

Experiences with wide range of movement outcomes, 
initial states, and sensory consequences for a particular 
GMP should result in more reliable schema 

A more reliable schema should facilitate transfer to 
other movements of same general class, but not to 
movements that require different GMP. 

Variable practice appears to benefit learning of 
absolute aspects of movements (schema rules) 

Constant practice early in practice benefits learning of 
relative aspects of movements (GMPs) 

Practice Variability 



Random practice ς practice schedule in which different 
movements (GMPs) are produced on successive trials 
and where target for upcoming trial is not predictable 
to learner 

Blocked practice ς practice schedule in which learner 
practices a group of same target movements before 
beginning practice on next target 

Random practice may reduce occurrence of 
overgeneralization & facilitate maintenance 

Random practice resembles daily life situations, e.g., 
conversation 

Evidence that random practice enhances motor 
learning as documented in retention & transfer tests in 
nonspeech motor domain 

Practice Schedule 



Internal focus:  involves concentrating on aspects of 
movements, e.g., kinematic, somatosensory  
(articulatory placement cues) 

External focus:  concentrating on external task-relevant 
aspects of movements to achieve a goal (CV 
production) 

Speakers with MSDs may benefit from using an 
external focus not only during practice but also in 
everyday communication 

External focus has strong learning advantage over 
internal focus in nonspeech motor domains 

External focus promotes movement automaticity and 
greater retention/transfer 

 

Attentional Focus 



Motor skills typically involve multiple components (complex) 

Intuitively appealing to segment complex movement into 
component parts during practice 

Targeting complex behaviors promotes learning relative to 
targeting simple behaviors, although evidence of this in MSD 
research is just emerging 

Targeting nonspeech oral motor movements does not transfer 
to complex speech acts 

LŦ ǇŜǊǎƻƴΩǎ Ǝƻŀƭ ƛǎ ǎǇŜŜŎƘ ǇǊƻŘǳŎǘƛƻƴΣ ƛƳǇƻǊǘŀƴǘ ǘƻ ǇǊƻǾƛŘŜ 
treatment trials in speech-like productions 

Effects of part vs whole practice depend on nature of speech 
task 

Movement Complexity 



Two types of augmented feedback: 
Knowledge of results (KR) 
Knowledge of performance (KP) 

KR ς information about the movement outcome after 
completion of a movement 

 ά¸ƻǳ ƳƛǎǎŜŘ ǘƘŜ ǘŀǊƎŜǘέ 
ά/ƻǊǊŜŎǘέ Ǿǎ άLƴŎƻǊǊŜŎǘέ ǾŜǊōŀƭ ŦŜŜŘōŀŎƪ ŦǊƻƳ ŎƭƛƴƛŎƛŀƴ 
Clinician decision to try sound again or move to different target 

KP ς refers to nature or quality of movement pattern 
 ά¸ƻǳǊ ƭƛǇǎ ŘƛŘ ƴƻǘ ŎƭƻǎŜ ŦƻǊ ǘƘŀǘ ǎƻǳƴŘέ 
Inherently provided at levels of cueing hierarchy more specific to 
performance error 

KR & KP appear to be equally effective in most cases 
KP feedback appears useful for novel tasks or if person cannot 
distinguish correct vs incorrect productions 

 

Feedback Type 


