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Interpretation:Interpretation:
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Phase II only Phase II only 
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only only 
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Results consistent Results consistent 
with  stimulus effect. with  stimulus effect. 
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Interpretation:Interpretation:
ACQUISITION:            ACQUISITION:            
enhanced with HFF in   enhanced with HFF in   
phase I only (Lphase I only (L--
blends)blends)

RETENTION & RETENTION & 
TRANSFER: enhanced TRANSFER: enhanced 
with LFF in    phase II with LFF in    phase II 
only (Lonly (L--blends)blends)

Results consistent Results consistent 
with  stimulus effect. with  stimulus effect. 

Pathogenesis of Acquired AOSPathogenesis of Acquired AOS
Current research strongly supports the notion that AOS is a Current research strongly supports the notion that AOS is a 

disorder of motor control disorder of motor control (Itoh & Sasanuma, 1987; Hageman, Robin, Moon & (Itoh & Sasanuma, 1987; Hageman, Robin, Moon & 
Folkins, 1994; McNeil, Robin & Schmidt, 1997, Clark & Robin, 199Folkins, 1994; McNeil, Robin & Schmidt, 1997, Clark & Robin, 1998)8)

Specifically, AOS is related to difficulty programming and/or Specifically, AOS is related to difficulty programming and/or 
planning kinematic patterns used during speech production planning kinematic patterns used during speech production 
(McNeil, Robin, & Schmidt, 1997)(McNeil, Robin, & Schmidt, 1997)

Thus, application of principles of motor learning to treating Thus, application of principles of motor learning to treating 
AOS is a logical step in the clinical process.AOS is a logical step in the clinical process.

Principles of Motor LearningPrinciples of Motor Learning
Motor learning: Processes that underlie the changes in a capabilMotor learning: Processes that underlie the changes in a capability ity 

for movementfor movement

Which variables affect:Which variables affect:

Acquisition (i.e., temporary performance enhancement during Acquisition (i.e., temporary performance enhancement during 
treatment or practice)treatment or practice)

Learning (i.e., longLearning (i.e., long--term retention and generalization of term retention and generalization of 
improved performance) improved performance) 

E.g:E.g:

Target complexity Target complexity 

complexcomplex (e.g. clusters) vs. (e.g. clusters) vs. simplesimple (e.g. singleton consonants) (e.g. singleton consonants) 
(e.g. Maas et al., 2002)(e.g. Maas et al., 2002)

Practice sequencePractice sequence

randomrandom (practice multiple stimuli in random order) vs. (practice multiple stimuli in random order) vs. 
blockedblocked (practice one stimulus before moving on the next) (practice one stimulus before moving on the next) (e.g. (e.g. 
Li & Wright, 2000; Schmidt & Li & Wright, 2000; Schmidt & BjorkBjork, 1992; Wright et al., 2004), 1992; Wright et al., 2004)

Frequency of feedbackFrequency of feedback

lowlow (known to enhance error detection and promote increases (known to enhance error detection and promote increases 
in processing load) vs. in processing load) vs. high high (known to reduce processing load (known to reduce processing load 
during learning) during learning) (e.g. (e.g. BruechertBruechert et al., 2003; et al., 2003; WulfWulf et al., 1993)et al., 1993)

Current StudyCurrent Study
Question: Question: 

What is the effect of relative feedback frequency on What is the effect of relative feedback frequency on 
the learning of speech skills in adults with AOS?the learning of speech skills in adults with AOS?

PredictionsPredictions (based on limb literature): (based on limb literature): 
HighHigh--frequency feedback (HFFfrequency feedback (HFF--100%) will promote 100%) will promote 

temporary performance enhancement but interfere temporary performance enhancement but interfere 
with longwith long--term retention and transfer of speech skills term retention and transfer of speech skills 

LowLow--frequency feedback (LFFfrequency feedback (LFF--60%) will best 60%) will best 
promote longpromote long--term retention of treated speech term retention of treated speech 
sounds and generalization to similar but untreated sounds and generalization to similar but untreated 
behaviors.behaviors.

DesignDesign
Single subjectSingle subject
Multiple baseline across behaviors Multiple baseline across behaviors 
Alternating treatmentAlternating treatment——both conditions  each sessionboth conditions  each session

Principles of Motor Learning Principles of Motor Learning 
Applied to SpeechApplied to Speech
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Treatment Procedures
Frequency: 4x/week
Duration: 4 weeks (14-16 sessions total)
Intensity: 90 minutes
Probe sessions 

1x/week

0

0.2

0.4

0.6

0.8

1

1 2 3 8 13 17 21 22 23 1 2 3 8 13 17 21 22 23

Session Number

CV  ta rget

vow e l
gen
VC ge n.

CV C word
gen

m odifie d
probe

0

0.2

0 .4

0 .6

0 .8

1

HFF CV
ta rgets
(plosive )

LFF CV
ta rgets
(frica tive )

Pr
ob

e 
Se

ss
io

ns

Baseline BaselineTreatment Maintenance Treatment Maintenance

Tr
ea

tm
en

t S
es

si
on

s HFF LFF

%
 A

cc
ur

ac
y

8 mos8 mos

Subj. 1Subj. 1
MaleMale

Age Age 
74.374.3

6 mo 6 mo 
TPOTPO

Severe Severe 
AOSAOS

Interpretation:Interpretation:
ACQUISITION:        ACQUISITION:        
enhanced with HFF in   enhanced with HFF in   
Phase II onlyPhase II only

RETENTION & RETENTION & 
TRANSFER: enhanced TRANSFER: enhanced 
with LFF in both with LFF in both 
phasesphases

0

0.2

0.4

0.6

0.8

1

12 17 21 28 32 37 40 41 42 43 44 12 17 21 28 32 37 40 41 42 43 4426

V C target

vow e l
ge n

CVC w ord
ge n

modified
probe (VC
target)

0

0.2

0.4

0.6

0.8

1

HFF VC
targe ts
(frica tive )

LFF VC
targe ts
(plosive )

Baseline BaselineTreatment Maintenance Treatment Maintenance

HFF LFF

8 mos8 mos

Acknowledgements
This study was supported by SDSU Foundation Grant  GIA 0304 

Summary
HFF was not consistently associated with better temporary 
performance enhancement than LFF during speech skill acquisition

LFF was associated with enhanced long-term retention and/or 
generalization in at least 2 subjects (severe and moderate) 
and may be a factor in the remaining 2 cases (mild)

Conclusions
Reduced feedback frequency may enhance retention and 
generalization of speech skills in adults with AOS

Acquisition performance does not predict retention and 
generalization, the hallmarks of true learning

Independent of feedback manipulations, these data contribute to
the growing body of literature supporting the efficacy of treatment
for chronic AOS 
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Acoustic Analyses: StopAcoustic Analyses: Stop--gap durationgap duration
Subject 3 onlySubject 3 only

Correct items only, from Maintenance Phase 1 (session numbers 1Correct items only, from Maintenance Phase 1 (session numbers 1
and 2) and from Maintenance Phase 2 (session numbers 3and 2) and from Maintenance Phase 2 (session numbers 3--6)6)

InterInter--rater reliability (on 18% of data): 86% within 10 ms.; r = .96rater reliability (on 18% of data): 86% within 10 ms.; r = .96
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