a2 United States Patent

Rastatter et al.

US008257243B2

US 8,257,243 B2
*Sep. 4, 2012

(10) Patent No.:
(45) Date of Patent:

(%)

(75

(73)

@n
22

(65)

(63)

(60)

(D

(52)
(58)

FREQUENCY ALTERED FEEDBACK FOR
TREATING NON-STUTTERING
PATHOLOGIES

Inventors: Michael P. Rastatter, Greenville, NC
(US); Joseph S. Kalinowski, Greenville,
NC (US); Andrew M. Stuart,
Winterville, NC (US)

Assignee: East Carolina University, Greenville,

NC (US)
Notice:  Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 0 days.

This patent is subject to a terminal dis-
claimer.

Appl. No.: 12/901,916

Filed: Oct. 11, 2010
Prior Publication Data
US 2011/0028777 Al Feb. 3, 2011

Related U.S. Application Data

Continuation of application No. 10/530,669, filed as
application No. PCT/US03/30834 on Sep. 30, 2003,
now Pat. No. 7,828,712.

Provisional application No. 60/417,345, filed on Oct.
9,2002.

Int. CL.

AG6IF 5/58 (2006.01)

US.CLo e 600/23

Field of Classification Search 600/25;
434/112-118, 185; 381/312-331

See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

4,464,119 A 8/1984 Vildgrube et al.
4,727,582 A 2/1988 de Vries et al.
4,895,519 A * 1/1990 Belleretal. ............... 434/185
5,133,016 A 7/1992 Clark
D344,800 S 3/1994 Lamby
5,659,156 A 8/1997 Mauney et al.
5,765,134 A 6/1998 Kehoe
5,794,203 A *  8/1998 Kehoe .......ccccoovinnnnn 704/271
5,812,659 A 9/1998 Mauney et al.
5,940,798 A 8/1999 Houde
5,961,443 A 10/1999 Rastatter et al.
5,995,932 A * 11/1999 Houde ..o 704/261
6,231,500 B1* 52001 Kehoe ........cceeeveiiiinn. 600/23
D469,081 S 1/2003 Perszyk et al.
6,644,973 B2* 11/2003 Oster .......cccovvviinne. 434/178
7,828,712 B2* 11/2010 Rastatter etal. ............... 600/23

(Continued)

FOREIGN PATENT DOCUMENTS
WO WO097/04617 2/1997
OTHER PUBLICATIONS

Armson, J. et al., Effect of frequency altered feedback and audience
size on stutterin, European Journal of Disorders in Communication,
32, pp. 359-366, 1997.

(Continued)

Primary Examiner — Samuel Gilbert
(74) Attorney, Agent, or Firm — Myers Bigel Sibley &
Sajovec, PA.

(57) ABSTRACT

Methods and devices treat treating non-stuttering pathologies
having impaired or decreased communication skills by
administering a frequency altered auditory feedback signal to
a subject having a non-stuttering pathology while the subject
is speaking or talking to thereby improve the subject’s com-
munication skills.

36 Claims, 18 Drawing Sheets

The individual Is a child
having a non-stuttering
learning disability with
reduced reading ability

The non-stutterin
pathology or disorder

Delivering & frequency
altered auditory feedback
FAF) signal to a subject
‘aving & non-stuttering

presents in a reading - pathology or disorder
xmpallrﬁ\ent. prﬁximatse in time tokjwhen “The individual is a teenager
L the subJeChI% speaking. having a non-stuttering

¥

(which may be assessed
relative to age expectation
based on a standardized
diagno]s{if&s: test).

learning disability with

¥
Delivering the FAF to the
. individual while the
individual is reading in a
substantially normal
speaking voice speed and
level,

n
reduceg reading ability
(which may be assessed

relative to age expectation
based on a standardized

dmgnols}u?: test).

¥.

The individual is an adult
having a non-stutterin
disorder with reduct

Delivering the FAF to the
~ individual while the
individual is reading in a
speaking voice volurfie that
is reduted from a normal
volume.
3

Improving the
communication skills of the
subject responsive to the  j-..

delfvegg step.

¥

readin%abuity
(compréhension,
oogmzanclei 8or speed).

The ndividual s elderty with
a non-stuttering disorder
4 With reduced reading ability

(cemprehension,
cognlzanc;zi 9or speed).




US 8,257,243 B2
Page 2

U.S. PATENT DOCUMENTS
2001/0007050 Al* 7/2001 Adelman .............. 600/150

OTHER PUBLICATIONS

Armson et al., Interpreting Results of the Fluent Speech Paradigm in
Stuttering Research: Difficulties in Separating Cause From Effect,
Journal of Speech and Hearing Research, v. 37, pp. 69-82, Feb. 1994.
Black, J.. The effect of delayed side-tone upon vocal rate and inten-
sity, Journal of Speech and Hearing Disorders, 16, pp. 56-60, 1951.
Boller, F. et al; Delayed Auditory Feedback and Aphasia, Cortex 14,
pp. 212-226, 1978.

Breznitz, Zvia, Enhancing the Reading of Dyslexic Children by
Reading Acceleration and Auditory Masking, Journal of educational
Psychology, 1997, vol. 89, No. 1, pp. 105-113.

Burke, B., Susceptibility to delayed auditory feedback and depen-
dence on auditory or oral sensory feedback, Journal of Communica-
tion Disorders, 8, pp. 75-96, 1975.

Chapin, C. et al, Speech Production Mechanisms in Aphasia: A
Delayed Auditory Feedback Study, Brain and Language, 14, pp.
106-113, 1981.

Dayalu, V. et al., Active Inhibition of Stuttering Results in Pseudofiu-
ency: A Reply to Craig, Perceptual and Motor Skills, 94, pp. 1050-
1052, 2002.

Dayalu, V. et al., Producing the vowel/a/ prior to speaking inhibits
stuttering in adults in the English language, Neuroscience Letters
306, pp. 111-115, 2001.

Dayalu, V. et al., Pseudofluency in Adults Who Stutter: The Hlusory
Outcome of Therapy, Perceptual and Motor Skills, 94, pp. 87-96,
2002.

Dayalu, V. et al., Stuttering Frequency on Content and Function
Words in Adults Who Stutter: A Concept Revisited, Journal of Speech,
Language, and Hearing Research, vol. 45, pp. 871-878, Oct. 2002.
Dayalu, V. et al., Stuttering therapy results in pseudofluency, Int. J.
Lang. Comm. Dis., vol. 36, Letters to Editor, No. 3, pp. 405-408,
2001.

Dobbs, R.J. et al., Assessment of the bradyphrenia of parkinsonism:
a novel use of delayed auditory feedback, ACTA Neurol Scand 87, pp.
262-267, 1993.

Downie, A.W. et al., Speech Disorder in Parkinsonism—Usefitlness
of Delayed Auditory Feedback in Selected Cases, BIDC, vol. 16.2,
pp. 135-139, 1981.

Downie, A.W. et al., Speech disorder in Parkinsonism; use of delayed
auditory feedback in selected cases, Journal of Neurology,
Neurosurgery, and Psychiatry, 44, pp. 852, 1981.

Hanson, W.R. etal., DAF as Instrumental Treatment for Dysarthria in
Progressive Supranuclear Palsy: A Case Report; Journal of Speech
and Hearing Disorders, pp. 268-276, May 1980.

Hargrave, S. et al., Effect of frequency-altered feedback on stuttering
frequency at normal and fast speech rates, Journal of Speech and
Hearing Research, 37, pp. 1313-1319, 1994.

Harper, L.V. et al., Speech Self-Monitoring in Preschoolers. The-
Effects of Delayed Auditory Feedback on Recitation, Perceptual and
Motor Skills, 90, pp. 1157-1170, 2000.

Harris, J., Social neuroscience, empathy, brain integration, and
neurodevelopmental disorders, Physiology & Behavior vol. 79, pp.
525-531, 2003.

Hearit Complete Auditory Tool Kit, Auditory Tools by Hearit Com-
pany, http://'www.hearitllc.com/prodrhtm., (six sheets) unknown
date, but for exam purposes will be deemed to be prior to 2002.
Hughes, Mike, Electronic Fluency: The Future Stuttering Solution,
Speaking Out, vol. 19, No. 3, pp. 1-25, Mar. 2002.
http://www.kayelemetrics.com, Section 10—Using Auditory Feed-
back in School Settings, 7 pages, © 1996-2007 KayPENTAX, printed
from website on Jan. 25, 2008.
http://www.micro-dsp.com/engl/product html#AudioPRO, Micro-
Dsp Technology Co. Ltd, AudioPRO, 9 sheets, © 2002.

Jabra FreeSpeak BT200 wireless cellphone earset (included with
Pocket Fluency System), Pocket Fluency System™, http://www.
casafuturatech.com/Catalog/pfscatalog html, unknown date, but for
exam purposes will be deemed to be prior to Sep. 2011.

Jabra Ear-Bud Cellphone earset (included with Pocket Fluency Sys-
tem), Pocket Fluency System™, http://www.casafuturatech.com/
Catalog/pfscatalog.html, unknown date, but for exam purposes will
be deemed to be prior to 2002.

Kalinowski, I. et al., 4 common element in the immediate inducement
of effortless, natural-sounding, fluent speech in people who stutter:
‘the second speech signal’, Medical Hypotheses, 58(1), pp. 61-66,
2002.

Kalinowski, J. et al., Cautionary notes on interpreting the efficacy of
treatment programs for children who stutter, Int. j. Lang. Comm.
Dis., vol. 37, No. 3, pp. 359-361, 2002.

Kalinowski, J. etal., Effects of Monitoring Condition and Frequency-
Altered Feedback on Stuttering Frequency, Journal of Speech, Lan-
guage, and Hearing Research, vol. 42, pp. 1347-1354, Dec. 1999.
Kalinowski, J. et al., Mremonics Helpful for Physician-Patient Com-
munication, Family Medicine, Letters to the Editor, pp. 7-8, Jan.
2003.

Kalinowski, J. et al., Re: Second speech signals versus prolonged
speech techniques: a reply to Onslow, Int. J. Lang. Comm. Dis.,
Letter to Editor, 3 sheets, 2001.

Kalinowski, J. et al., Self-reported efficacy of an all in-the-ear-canal
prosthetic device fo inhibit stuttering during one hundred hours of
university teaching: an autobiographical clinical commentary, Dis-
ability and Rehabilitation, vol. 25, No. 2, pp. 107-111, 2003.
Kalinowski, J. et al., Stutter-free and stutter-filled speech signals and
their role in stuttering amelioration for English speaking adults,
Neuroscience Letters 293, pp. 115-118, 2000.

Kalinowski, J. et al., The Efficacy of the SpeechEasy™ Protocol for
Managing Stuttering: 4 Month Data. Poster Presentation at ASHA
Convention, pp. 1-15, Nov. 21, 2002.

Kalinowski, J. et al., Inducement of fluent speech in persons who
stutteer via visual choral speech, Neuroscience Letters 281, pp. 198-
200, 2000.

Kalinowski, J. etal., Choral speech: theamelioration of stuttering via
imitation and themirror neuronal system, Neuroscience and
Biobehavioral Reviews, pp. 339-347, 2003.

Kalinowski, J. et al., Speaking with a mirror: engagement of mirror
neurons via choral speech and its derivatives induces stuttering
inhibition, Medical Hypotheses 60(4), pp. 538-543, 2003.
Kershner, et al., Modified Voice Feedback Improves Letter naming in
Reading Disabled Children with Central Auditory Dysfunction, Jour-
nal of Clinical Child Psychology, 1985, Viol. 14, No. 2, pp. 157-161.
Kohler, E. et al.,, Hearing Sounds, Understanding Actions: Action
Representation in Mirror Neurons, Science vol. 297, pp. 846-848,
Aug. 2002.

Labtec Axis-002 (included with Pocket Fluency System) Pocket Flu-
ency System™, http://'www.casafuturatech.com/Catalog/pfscatalog.
html, unknown date, but for exam purposes will be deemed to be prior
to Apr. 25, 2002.

Langova, J. et al., Experimental interference with auditory feedback,
Folia Phoniatrica, 22, pp. 191-196, 1970.

Lee, B.S.. Effects of delayed speech feedback, Journal of the Acous-
tical Society of America, 22, pp. 824-826, 1950.

Lee, B.S.. Artificial stutterer, Journal of Speech and Hearing Disor-
ders, 16, pp. 53-55, 1951.

Levy et al., Fast and Slow Namers: Benefits of Segmentation and
Whole Word Training Journal of Experimental Child Psychology
73:115-138, 1999.

Lozano, R.A. et al., Some Effects of Delayed Auditory Feedback on
Dyspraxia of Speech, Journal of Communication Disorders, L1, pp.
407-415, 1978.

McCormick, B., Therapeutic and Diagnostic Applications of
Delayed Auditory Feedback, British Journal of Disorders of Commu-
nication, 10, pp. 98-110, 1975.

New HEARIT se, LDS Newsbriefs, vol. 37, No. 2, pp. 15, Mar./Apr.
2002.

Rastatter et al., Quantitative Electroencephalogram of Posterior Cor-
tical Areas of Fluent and Stuttering Participants During Reading
With Normal and Altered Auditory Feedback, Perceptual and Motor
Skills, 1998, 87, pp. 623-633.

Rastatter et al. The Effects of Frequency Altered Feedback on Reading
Comprehension Abilities of Normal and Reading Disordered Chil-
dren Neuroscience Letters 416:266-271, 2007.



US 8,257,243 B2
Page 3

Rizzolatti, G. etal., Language within our grasp, Trends Neuroscivol.
21, No. 5, pp. 188-194, 1998.

Salame and Baddeley. Noise, Unattended Speech and Short-Term
Memory Ergonomics 30(8):1185-1194, 1987.

Saltuklaroglu, T. et al., Reduction of stuttering. the dual inhibition
hypothesis, Medical Hypotheses, 58(1), pp. 67-71, 2002.
Saltuklaroglu, T. etal., Say it with me: Stuttering Inhibited, Journal of
Clinical and Experimental Neuropsychology, vol. 00, No. 0, pp. 1-8,
2003.

Saltuklaroglu, T. et al., SpeechEasy™ Hardware, Software Installa-
tion, and Treatment Protocol Manual, Version 3.0 Stuttering
Research Group LLC, pp. 1-52, © 2002.

Saltuklaroglu, T. et al., The end-product of behavioural stuttering
therapy: three decades of denaturing the disorder, Disability and
Rehabilitation, vol. 24, No. 15, pp. 786-789, 2002.

Saltuklaroglu, T. et al., 4 temporal window for the central inhibition
of stuttering via exogenous speech signals in adults, Neuroscience
Letters, pp. 1-5, 2003.

Sapir et al., Linguistic and nonlinguistic auditory processing of rapid
vowel formant (F2) modulations in university students with and
without developmental dyslexia, Brain Cogn. Mar.-Apr. 2002; 48(2-
3):520-6, http://www.ncbi.nlm.nih.gov/entrez/query.
fegi?emd=Retrieve&db=PubMed&list_uids=12030500
&dopt=Abstract, 1 page.

Speaking Freely, People, pp. 112, Sep. 16, 2002.

Stager, S.V. et al., Modifications in Aerodynamic Variables by Per-
sons Who Stutter Under Fluency-Evoking Conditions, JSLHR, vol.
40, pp. 832-847 Aug. 1997.

Stager, S.V. etal., Speech Production Changes Under Fluency-Evok-
ing Conditions in Nonstuttering Speakers, Journal of Speech and
Hearing Research, vol. 36, pp. 245-253, Apr. 1993.

Stager, S.V. et al., The Effects of Fluency-Evoking Conditions on
Voicing Onset Types in Persons Who do and do not Stutter, J. Com-
mun. Disord., 31, pp. 33-52, 1998.

Stuart, A. et al., Investigations of the Impact of Altered Auditory
Feedback In-The-Ear Devices on the Speech of People Who Stutter:
Initial Fitting and Four-Month Follow-up, International Journal of
Language & Communication Disorders, pp. 1-48, Date Unknown but
believed to be before Oct. 2002.

Stuart, A., Effect of delayed auditory feedback on normal speakers at
two speech rates, J. Acoust. Soc. AML. 111 (5) Pt. 1, pp. 2237-2241,
May 2002.

Stuart, A. et al., Self-Contained In-the-Ear Device to Deliver Altered
Auditory Feedback: Applications for Stuttering, Annals of Biomedi-
cal Engineering, vol. 31, pp. 233-237, 2003.

Stuart, A. et al., Effect of monaural and binaural altered auditory
feedback on stuttering frequency, J. Accoust. Soc. Am. 101, pp.
3806-3809, Jun. 1997.

Stuart, A. et al., ABSTRACT Effect of DAF on Normal Speakers at
normal and fast Speech Rates, 13 pages, Date unknown but believed
to be before Oct. 2002.

The Second Generation Design of SpeechEasy, Micro-DSP Technol-
ogy Co., LTD., 2 sheets, date unknown but believed to be before Oct.
2002.

Umilta, M. et al., I know What You Are Doing: A Neurophysiological
Study, Neuron vol. 31, pp. 1-20, Jul. 2001.

Vrtunski, P.B. et al., Response to Delayed Auditory Feedback in
Patients with Hemispheric Lesions; Cortex, 12, pp. 395-404, 1976.
Whats New With Hearit??, (2 sheets), http://www.hearitlle.com/
newl.html , unknown date, but for exam purposes will be deemed to
be prior to Apr. 25, 2002.

Wile and Borowsky. What Does Rapid Automatized Naming Mea-
sure? A New RAN Task Compared to Naming and Lexical Decision
Brain and Language 90:47-62, 2004.

Williams, JHG et al., Imitation, mirror neurons and autism,
Neuroscience and Biobehavioral Reviews 25 pp. 287-295, 2001.
Wolf and Bowers, The Double-Deficit Hypothesis for the Develop-
mental Dyslexias Journal of Educational Psychology 91(3):415-438,
1999.

Tansey et al., EMG and EEG Biofeedback Training in the Treatment
of a 10-Year-Old Hyperactive Boy with a Developmental Reading
Disorder, Biofeedback and Self-Regulation, vol. 8, No. 1, 1983.
Tansey, EEG Sensorimotor Rhythm Biofeedback Training: Some
Effects on the Neurologic Precursors of Learning Disabilities, Inter-
national Journal of Psychophysiology, (1984), vol. 1, pp. 163-177.
Gillis et al., The Influence of Differential Auditory Feedback Upon the
Reading of Dyslexic Children, Neuropsychologia, 1978, vol. 16, pp.
483-489.

* cited by examiner



US 8,257,243 B2

Sheet 1 of 18

Sep. 4, 2012

U.S. Patent

[31
*(poads Jo ‘soueziubod

'uoisusya1dwiod) :
Ayjiqe burpead psonpas yim
JapJosip bupspnis-uou e i
Yam ASpIe I [enpIAIpul By ;

|||||| SR ey |

T T

811
‘(p9ads Jo HmucmNEaS
"uoisusypidiuiod)

Alljige Buipeay <
paONpPaJ YIM Jopaosip i
Bupiennis-uou e buiaey i

jnpe ue si [enpiAipul oyl

LT1 :
(1591 2nsoubeip :
pazipJepuels e uo paseq i
uonepadxs abe 03 aanepRl i
Passasse 3q Aew YIym)  +
Ayjge buipeal paonpas i
Uyim Ajijiqesip bujues)
bujJennis-uou e buiaey
J1abruaa) e SI [enpiAlpul BY] i
: 971
: *(3s33 dpsoubelp
i pazIplepueis e Uuo paseq
i uopneadxs sbe 03 aAnefa.
i passasse aq Aew LIYM)

R L L .

Aljge Buipea. psonpal
Yam Ajjigesip bujules)
Buiisnis-uou e buiaey
PIIyd € SI [enplAIpUl 8y |

v
'
R L L S e TR

4!
'd2]5 bullsAljep
3y} 01 aAlsuodsal 10s[gns
93 JO S||MS UoneIIUNWWOD
ay3 buirodwy

01T

‘Bupjeads S| 03lgns ay}
USUM 03 SWI} Ul 3ewixo.d

Jap.osip Jo Abojoyied

buiia1In]s-uou e buiaey
18[gns e 03 jeubis (Jv4
Yoeqpas) zs_w% paJaye

Aduanbalj e buliaalRQ

£TT

: 3LWNjoA

{ [ewJou B WO PIonpa. S|
: 12U AWN|OA 33j0A Bupeads
i e u| buipeal s| [enpiAipul

o3 01 4v4 843 DULBAIPR(

o3 [Iym

[enpIAIpU

llllllllllllllll I%llll —————— )

P T A

: “Jusldredu

»  bBuipeal e uj sjussald
i JopJosip Jo Abojoyzed
: UlI91INIS-Uou syt

Al
: BELE] m
: pue paads 010A Bupyeads
i [euwou Ajenueisgns !

e Ui buipeal si jenpiapul
SU3 S[IyM [ENPIApUI

o3 01 4vd 83U} DULIBAI[3]
B s =L i i

TIT



U.S. Patent Sep. 4, 2012 Sheet 2 of 18 US 8,257,243 B2

/’_-\\\
// \\ \\
/= N \
/ v AN \
/ A\ |
/oy / P \ |
/ /// N\ \ \\ {
\ /| A~y )
——F | —_ /32
| ,"L T /T
! AN (\ | py \\ I
7\ / ~J
S i \\ /
A |
NN o ’
N _~ |
I N I
7 \ \—// /
Ve ~ -
/ S~ e
S

10
Remote |/ r FIG 2
Housing -

FIG. 3





















































































