
Velopharyngeal orifice areas during tasks used
clinically to stimulate improved velopharyngeal closure.

Item Type text; Dissertation-Reproduction (electronic)

Authors Tomes, Lucrezia Aida.

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 24/05/2023 21:17:23

Link to Item http://hdl.handle.net/10150/186790

http://hdl.handle.net/10150/186790


INFORMATION TO USERS 

This manuscript has been reproduced from the microfilm master. UMI 

films the text directly from the original or copy submitted. Thus, some 

thesis and dissertation copies are in typewriter face, while others may 

be from any type of computer printer. 

The quality of this reproduction is dependent upon the quality of the 
copy submitted. Broken or indistinct print, colored or poor quality 
illustrations and photographs, print bleedtbrough, substandard margins, 
and improper alignment can adversely affect reproduction. 

In the unlikely. event that the author did not send UMI a complete 

manuscript and there are missing pages, these will be noted. Also, if 

unauthorized copyright material had to be removed, a note will indicate 

the deletion. 

Oversize materials (e.g., maps, drawings, charts) are reproduced by 

sectioning the original, beginning at the upper left-hand comer and 

continuing from left to right in equal sections with small overlaps. Each 

original is also photographed in one exposure and is included in 

reduced form at the back of the book. 

Photographs included in the original manuscript have been reproduced 
xerographically in this copy. Higher quality 6" x 9" black and white 
photographic prints are available for any photographs or illustrations 

appearing in this copy for an additional charge. Contact UMI directly 
to order. 

U·M·I 
University Microfilms International 

A Bell & Howell Information Company 
300 North Zeeb Road. Ann Arbor. M148106-1346 USA 

313/761-4700 800/521-0600 





Order Number 9432857 

Velopharyngeal orifice areas during tasks used clinically to 
stimulate improved velopharyngeal closure 

Tomes, Lucrezia Aida, Ph.D. 

The University of Arizona, 1994 

U·M·I 
300 N. Zeeb Rd. 
Ann Arbor, MI 48106 





VELOPHARYNGEAL ORIFICE AREAS DURING TASKS 

USED CLINICALLY TO STIMULATE 

IMPROVED VELOPHARYNGEAL CLOSURE 

by 

Lucrezia Aida Tomes 

A Dissertation Submitted to the Faculty of the 

DEPARTMENT OF SPEECH AND HEARING SCIENCES 

In Partial Fulfillment of the Requirements 
For the Degree of 

DOCTOR OF PHILOSOPHY 

In the Graduate College 

THE UNIVERSITY OF ARIZONA 

1994 



THE UNIVERSITY OF ARIZONA 
GRADUATE COLLEGE 

As members of the Final Examination Committee, we certify that we have 

read the dissertation prepared by Lucrezia Aida Tomes 

entitled Velopharyngeal Orifice Areas During Tasks Used Clinically 

To Stimulate Improved Velopharyngeal Closure 

and recommend that it be accepted as fulfilling the dissertation 

of Doctor of Philosophy 

~<V:r '1. 1~<f1: 
Date • 

Date 

Date 

2 

Final approval and acceptance of this dissertation is contingent upon 
the candidate's submission of the final copy of the dissertation to the 
Graduate College. 

ify that I have read this dissertation prepared under my 
recommend that it be accepted as fulfilling the dissertation 

! If I lfitr,1 
Diiector Datet! i 



3 

STATEMENT BY AUTHOR 

This dissertation has been submitted in partial fulfillment of requirements for 
an advanced degree at The University of Arizona and is deposited in the University 
Library to be made available to borrowers under rules of the Library. 

Brief quotations from this dissertation are allowable without special 
pennission, provided that accurate acknowledgment of source is made. Requests for 
pennission for extended quotation from or reproduction of this manuscript in whole 
or in part may be granted by the head of the major department or the Dean of the 
Graduate College when in his or her judgment the proposed use of the material is in . 
the interests of scholarship. In all other instances, however, pennission must be 
obtained from the author. 



ACKNOWLEDGEMENTS 

I thank God for His sustaining presence in my life. 

II Corinthians 12:9. And, He said to me, "My grace is sufficient for 
you, for my power is made perfect in weakness." Therefore, I will 
boast all the more gladly about my weaknesses, so that Christ's 
power may rest on me. 

To my family, friends, and faculty who remained loyal and helpful 
throughout my doctoral program, I extend my deep appreciation. 

4 

I thank Professor Ralph Shelton, Ph.D., for serving as my faculty advisor. I 
thank Richard Curlee, Ph.D., and Theodore Glattke, Ph.D., for their assistance as 
members of my committee. 

Instruments for making the aerodynamic measurements belonged to the 
Speech-Language Clinic and the Speech Science Laboratory of the University of 
Arizona Department of Speech and Hearing Sciences. I am grateful to Anthony 
DeFeo, Ph.D, and Thomas Hixon, Ph.D., for permitting me to use this equipment. 

Computer hardware and software used in this study were funded by National 
Science Foundation grant # SER 8013978807450 to Theodore Glattke. 

This dissertation research was supported by two grants from the Graduate 
College of the University of Arizona: one from the Summer Research Support 
Program and the other from the Graduate Student Program Development Fund. A 
gift from the Seratoma Club of Tucson, Arizona, provided assistance in processing 
the data. 



5 

TABLE OF CONTENTS 

Page 

ABSTRACT ......................................... 12 

CHAPTER 

1. INTRODUCTION ................................... 14 

Velopharyngeal Impainnent during Speech .................... 14 
Evaluation and Treatment of Velopharyngeal Impainnent during Speech .. 15 
Behavioral Treatments to Improve Velopharyngeal Function ......... 17 
Related Research and Theory ............................ 19 
Summary ........................................ 19 
The Current Study . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 

2. REVIEW OF THE LITERATURE ......................... 22 

History and Current Use of Behavioral Treatments of Velopharyngeal 
Impairment ..................................... 24 
Brief History of the Fluctuating Acceptance of Behavioral Treatment 

Alternatives .................................. 24 
Overview of Current Opinions and Evidence Concerning Behavioral 

Treatments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27 
Treatments Not Commonly Advocated Today .............. 27 
Currently Advocated Treatments . . . . . . . . . . . . . . . . . . . . . . 28 

Who may profit from behavioral treatments ............ 30 
Which treatments may be effective . . . . . . . . . . . . . . . . . . 32 

Summary .................................... 33 
Testing Stimulability for Reduced Velopharyngeal Orifice Area . . . . . . . . 34 

What is Stimulability Testing? . . . . . . . . . . . . . . . . . . . . . . . . . . 34 
Eliciting Improved Velopharyngeal Function as a By-Product of 

Speaking Louder and with Increased Effort ... . . . . . . . . . . . . 36 
Past Clinical Suggestions and Speculations . . . . . . . . . . . . . . . . 39 

Speaking with increased effort and loudness ............ 39 
Speaking with increased oral opening ................ 40 
Speaking at a slower rate . . . . . . . . . . . . . . . . . . . . . . . . 41 
Summary ................................. 41 

Effect of Increased Effort on Intensity and Velar Elevation ..... 43 
Relation Between Intensity and Perceived Nasality ........... 44 
Effect of Increased Oral Opening on Nasalization and 

Velopharyngeal Movements ...................... 46 



6 

TABLE OF CONTENTS--continued 

Speaking Rate and Effects of Changes in Speaking Rate ....... 47 
Speaking rate and speech segment durations ............ 47 
Effects of increasing speaking rate on nasality and 

velopharyngeal function .... . . . . . . . . . . . . . . . . . . 49 
Effects of reducing rate on velopharyngeal function . . . . . . . . 51 
Summary ................................. 52 

Shaping Improved Velopharyngeal Closure .................. 53 
Shaping Improved Velopharyngeal Function from Blowing . . . . . . 55 

Similarities in velopharyngeal movements for speech and 
blowing ................................ 55 

Shprintzen, McCall, and Skolnick's approach to shaping 
improved velopharyngeal closure from blowing . . . . . . . . 57 

Other reports of the use of blowing to facilitate 
velopharyngeal closure during speech . . . . . . . . . . . . . . 60 

Velopharyngeal closure during blowing as a sign of the 
potential for improved closure during speech ......... 62 

Shaping Improved Velopharyngeal Function from Other 
Obstruents .............................. 64 

Reports of shaping improved velopharyngeal closure from 
closure achieved on other obstruents .............. 66 

Summary .................................... 71 
Other Research and Theory Suggesting that Velopharyngeal Function 

May Be Changed Behaviorally ......................... 72 
Studies of Velopharyngeal Movement Patterns Suggesting the 

Potential for Behavioral Change . . . . . . . . . . . . . . . . . . . . . . 73 
Within Subject Indications of the Potential for Improvement ..... 74 
Indications that Some Speakers May Have Developed 

Compensatory Movements ....................... 75 
Summary .................................... 77 

Speech Motor Control Theory Suggesting that Change of 
Velopharyngeal Movement Patterns is Possible . . . . . . . . . . . . . 77 

Need for Research ................................... 79 
Need for Studies of Stimulability Testing . . . . . . . . . . . . . . . . . . . 79 
Who Should Be Studied ............................. 81 
Experimental Design Considerations . . . . . . . . . . . . . . . . . . . . . . 82 

Subjects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82 
Treatments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83 

Statement of the Problem . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84 
Purpose 1--Describe Stimulability of Individual Subjects . . . . . . . . . . 85 
Purpose 2--Summarize Effectiveness of Each Task . . . . . . . . . . . . . 88 
Purpose 3--Report Intrasubject Variability .................. 88 



7 

TABLE OF CONTENTS--continued 

3. METHOD ........................................ 90 

Subjects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90 
Subject Selection Criteria . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90 
Subject Recruitment Procedures . . . . . . . . . . . . . . . . . . . . . . . . . 92 

Identifying Prospective Subjects ...................... 92 
Verifying that Children Met the Subject Selection Criteria . . . . . . 93 

Estimating velopharyngeal orifice area . . . . . . . . . . . . . . . . 94 
Measuring nasal airflow ........................ 96 
Screening hearing sensitivity . . . . . . . . . . . . . . . . . . . . . . 96 
Checking ability to imitate stimulability tasks ........... 96 
Examining palate for presence of palatal fistulas . . . . . . . . . . 97 

Summary .................................... 97 
Making the Decision to Select Subjects . . . . . . . . . . . . . . . . . . 98 

Characteristics of Subjects Selected ...................... 98 
Procedures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99 

Describing Subjects and Preparing Them for Stimulability Testing ... 99 
Day 1 ...................................... 99 

Examining the oral mechanism .................... 99 
Checking accuracy of articulation . . . . . . . . . . . . . . . . . . . 100 

Day 2 ...................................... 100 
Familiarizing subjects with the intraoral pressure tube for 

obstruents other than bilabials .................. 10 1 
Estimating velopharyngeal orifice area . . . . . . . . . . . . . . . . 102 
Computing the rate of syllable production . . . . . . . . . . . . . . 103 
Practicing stimulability tasks . . . . . . . . . . . . . . . . . . . . . . 104 
Asking the parent for additional descriptive information . . . . . 105 

Screening Intelligence on Day 4 or 6 . . . . . . . . . . . . . . . . . . . 105 
Stimulability Testing ............................... 105 

No Special Instructions Condition ..................... 108 
Stimulability Tasks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110 

Tasks designed to stimulate smaller velopharyngeal orifice 
area during Ipl ............................ 112 

Tasks designed to stimulate smaller velopharyngeal orifice 
area during lsi . . . . . . . . . . . . . . . . . . . . . . . . . . . . 116 

Paying the Subjects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 120 
Instrumentation for Making Air Pressure and Flow Measurements .... 120 

Nasal Patency and Nasal Pathway Resistance .............. 121 
Nasal airflow .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 126 
Intraoral air pressure .......................... 128 
Air pressure inside the nasal mask .................. 129 



8 

TABLE OF CONTENTS--continued 

Velopharyngeal Orifice Area ........................ 130 
Nasal airflow . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... 132 
Intraoral air pressure .......................... 132 
Nasal air pressure ............................ 133 

Nasal Airflow ................................. 134 
Computer Processing of Pressure and Flow Analogs .......... 134 
Data Reduction ................................ 137 

Qualifications of Assistants ........................... 139 
Data Analysis .................................... 140 

4. RESULTS ......................................... 149 

Responses of Individual Subjects to the Stimulability Tasks .......... 149 
Subject 1 ...................................... 151 

History ..................................... 151 
Subject Characteristics . . . . . . . . . . . . . . . . . . . . . . . . . . . . 152 
Aerodynamic Measures of Velopharyngeal Function under the 

Stimulability Task Conditions . . . . . . . . . . . . . . . . . . . . . 155 
Task A: Production of Ipl with greater intraoral air 

pressure and at a slower rate ................... 155 
Task B: Production of Ipl by shaping from blowing ....... 155 
Task C: Production of lsi with greater intraoral air 

pressure and at a slower rate ................... 159 
Task D: Production of lsi by shaping from blowing ....... 159 
Task E: Production of lsi by shaping from other 

obstruents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 160 
Summary for Subject 1 ......................... 162 

Subject 2 ...................................... 163 
History ..................................... 163 
Subject Characteristics . . . . . . . . . . . . . . . . . . . . . . . . . . . . 166 
Aerodynamic Measures of Velopharyngeal Function under the 

Stimulability Task Conditions .......................... 169 
Task A: Production of Ipl with greater intraoral air 

pressure and at a slower rate . . . . . . . . . . . . . . . . . . . 169 
Task B: Production of Ipl by shaping from blowing ....... 169 
Task C: Production of lsi with greater intraoral air 

pressure and at a slower rate . . . . . . . . . . . . . . . . . . . 171 
Task D: Production of lsi by shaping from blowing . . . . . . . 172 
Task E: Production of lsi by shaping from other 

obstruents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 173 
Summary for Subject 2 ......................... 175 



9 

TABLE OF CONTENTS--continued 

Subject 3 ...................................... 176 
History ..................................... 176 
Subject Characteristics . . . . . . . . . . . . . . . . . . . . . . . . . . . . 179 
Aerodynamic Measures of Velopharyngeal Function under the 

Stimulability Task Conditions . . . . . . . . . . . . . . . . . . . . . 183 
Task C: Production of lsi with greater intraoral air 

pressure and at a slower rate . . . . . . . . . . . . . . . . . . . 183 
Task D: Production of Is/ by shaping from blowing ....... 184 
Task E: Production of lsi by shaping from other 

obstruents ............................... 185 
Follow-up stimulability testing on Days 5 and 6 .......... 188 
Summary for Subject 3 . . . . . . . . . . . . . . . . . . . . . . . . . 192 

Subject 4 ...................................... 194 
History ..................................... 194 
Subject Characteristics ............................ 195 
Aerodynamic Measures of Velopharyngeal Function under the 

Stimulability Task Conditions ..................... 197 
Task A: Production of Ipl with greater intraoral air 

pressure and at a slower rate . . . . . . . . . . . . . . . . . . . 197 
Task B: Production of Ipl by shaping from blowing . . . . . . . 197 
Task C: Production of lsi with greater intraoral air 

pressure and at a slower rate . . . . . . . . . . . . . . . . . . . 198 
Task D: Production of lsi by shaping from blowing ....... 199 
Task E: Production of lsi by shaping from other 

obstruents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 200 
Summary for Subject 4 . . . . . . . . . . . . . . . . . . . . . . . . . 201 

Subject 5 ...................................... 201 
History ..................................... 201 
Subject Characteristics . . . . . . . . . . . . . . . . . . . . . . . . . . . . 203 
Aerodynamic Measures of Velopharyngeal Function under the 

Stimulability Task Conditions . . . . . . . . . . . . . . . . . . . . . 206 
Task A: Production of Ipl with greater intraoral air 

pressure and at a slower rate . . . . . . . . . . . . . . . . . . . 206 
Task B: Production of Ipl by shaping from blowing ....... 207 
Task C: Production of If I with greater intraoral air 

pressure and at a slower rate .... . . . . . . . . . . . . . . . 208 
Task D: Production of If I by shaping from blowing ....... 210 
Summary for Subject 5 . . . . . . . . . . . . . . . . . . . . . . . . . 211 



10 

TABLE OF CONTENTS--continued 

Subject 6 ...................................... 211 
History ..................................... 211 
Subject Characteristics ............................ 212 
Aerodynamic Measures of Velopharyngeal Function under the 

Stimulability Task Conditions ..................... 214 
Summary for Subject 6 ......................... 217 

Subject 7 ......................................217 
History ..................................... 217 
Subject Characteristics ............................ 218 
Aerodynamic Measures of Velopharyngeal Function under the 

Stimulability Task Conditions . . . . . . . . . . . . . . . . . . . . . 220 
Summary for Subject 7 ......................... 221 

Subject 8 ...................................... 222 
History ..................................... 222 
Subject Characteristics . . . . . . . . . . . . . . . . . . . . . . . . . . . . 223 
Aerodynamic Measures of Velopharyngeal Function under the 

Stimulability Task Conditions ... . . . . . . . . . . . . . . . . . . 225 
Summary for Subject 8 . . . . . . . . . . . . . . . . . . . . . . . . . 226 

Summary of Individual Subjects' Responses to the Stimulability Tasks . 227 
Task Results Across Subjects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 228 
Intrasubject Variability of Velopharyngeal Orifice Area Estimates 

during the No Special Instructions Condition ................. 231 
Variability Within and Across Sessions .................... 232 
Variability Across Utterance Type and Position in Syllable String .... 233 
Variability Across Phonetic Context and Across Manner of 

Production . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 234 

5. DISCUSSION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 235 

Characteristics of Subjects Likely to be Stimulable ............... 236 
Velopharyngeal Performance During the Stimulability Tasks ......... 239 

Producing Obstruents with Greater Intraoral Air Pressure and at a 
Slower Rate .................................. 239 

Shaping Obstruents from Blowing ....................... 240 
Shaping /s/ from Other Obstruents ....................... 241 
Potential Clinical Significance of Observed Changes in 

Velopharyngeal Orifice Area ........................ 242 
Suggestions for Future Studies of Stimulability Tasks and Related 

Behavioral Treatments .............................. 244 



11 

TABLE OF CONTENTS--continued 

Variability of Velopharyngeal Orifice Area ...... . . . . . . . . . . . . . . 246 
Variability of Areas Less Than 20 mm2 

• • • • • • • • • • • • • • • • • • • • 246 
Variability of Areas Greater Than 20 mm2 

• • • • • • • • • • • • • • • • • • 248 
Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .250 

APPENDIX A: TELEPHONE QUESTIONNAIRE ADMINISTERED 
DURING INITIAL CONTACT WITH PARENTS ........ 251 

APPENDIX B: EXAMINATION OF ORAL STRUCTURES ........... 252 

APPENDIX C: PROCEDURES COMPLETED DURING DAY 1 ........ 253 

APPENDIX D: REASONS WHY 48 CHILDREN REFERRED TO THIS 
STUDY DID NOT PARTICIPATE ................. 254 

APPENDIX E: WORDS USED IN CHECKING THE ACCURACY OF 
CONSONANT ARTICULATION .................. 256 

APPENDIX F: PROCEDURES COMPLETED DURING DAY 2 ........ 257 

APPENDIX G: PARENT QUESTIONNAIRE .................... 258 

APPENDIX H: PROCEDURES COMPLETED DURING DAYS 3 
THROUGH 6 ............................... 262 

APPENDIX I: SUBJECT CONSENT AND INSTRUCTIONS TO THE 
SUBJECTS FOR THE NO SPECIAL INSTRUCTIONS 
CONDITION AND THE STIMULABILITY TASKS ...... 265 

APPENDIX J: TABLES ... .............................. 269 

APPENDIX K: FIGURES .. .............................. 373 

REFERENCES ......... .............................. 396 



ABSTRACT 

Data-based evidence supporting behavioral treatments of velopharyngeal 

impairment is sparse. This study examined the initial step in some behavioral 

treatments--testing stimulability for improved velopharyngeal closure--to explore 

whether velopharyngeal orifice areas for obstruents produced during stimulability 

tasks are smaller than areas for the consonants produced without special 

stimulability instructions. 

12 

Subjects were eight children between 5 and 15 years of age who had audible 

nasal emission during pressure consonants. Six subjects were born with overt or 

submucous palatal clefts and two showed no evidence of palatal clefting. 

Three kinds of tasks were used to probe each subject's stimulability for 

reduced velopharyngeal orifice during one or more pressure consonants: (a) 

increasing a consonant's intraoral air pressure and slowing rate of syllable 

production, (b) moving from oral blowing to production of a consonant, and (c) 

moving from an obstruent produced with a relatively smaller velopharyngeal 

opening to production of another obstruent that was typically produced with a 

relatively larger velopharyngeal opening. 

Velopharyngeal orifice areas were computed during obstruents produced in 

the stimulability task conditions and during the obstruents produced with no special 

instructions. Performance of each subject on each task was classed as meeting 

criteria for strong, moderate, weak, or no evidence of stimulability. For each 

stimulability task, the performance of all subjects was summarized. 



One subject's velopharyngeal areas were consistently reduced when she 

produced obstruents with greater intraoral air pressure during single syllables. 

None of the children had smaller velopharyngeal areas when speaking at a slower 

rate. Obstruents shaped from oral blowing were produced with smaller 

velopharyngeal areas in five of the eight subjects. Of the six subjects for whom 

production of lsi was shaped from I S I, lSI, or It!, three showed smaller 

velopharyngeal areas. 

13 

These results indicate that, for at least some individuals with velopharyngeal 

impairment, the stimulability tasks involving shaping from oral blowing or other 

obstruents may yield relatively immediate reductions in velopharyngeal area. 

However, the reductions in velopharyngeal area will be of clinical significance only 

if they are accompanied by improvements in speech and if the child can learn to use 

the improved velopharyngeal behavior in spontaneous speech. 
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Chapter 1. 

INTRODUCTION 

Velopharyngeal Impairment1 during Speech 

During normal speech, the velopharynx is a valve that opens and closes for 

production of nasal and oral speech sounds respectively. For nasal sounds, the 

velopharyngeal valve opens to allow sound and air to pass through the nasopharynx 

and the nasal cavities. For oral sounds, the valve closes when the velum elevates 

and the pharyngeal walls move medially to close around it, thus separating the oral 

and nasal cavities so that sound and airflow are directed orally. 

The velopharyngeal valve may not open and close in a normal manner if the 

structure or function of the velum or pharyngeal walls is impaired. Such 

impairments may be present in individuals who have a wide variety of conditions 

including unrepaired or repaired palatal clefts, submucous palatal clefts, palatal 

lesions as a result of surgery or injury, neuromuscular conditions or diseases 

affecting the velum or pharyngeal walls, phoneme-specific nasal emission, or 

1 "Velopharyngeal impairment" is used in this manuscript to refer to any failure 
of the velopharyngeal mechanism to open or close in a normal fashion. The etiology 
of this failure may be structural, physiological, or psychological. Other terms that 
have been used to refer this phenomenon include "velopharyngeal insufficiency," 
"velopharyngeal incompetency," "velopharyngeal inadequacy," and "velopharyngeal 
dysfunction." Currently, the most well accepted term to indicate velopharyngeal 
failure from unspecified etiology is probably "velopharyngeal inadequacy," as 
suggested by Trost-Cardamone (1989). However, "velopharyngeal inadequacy" has a 
very specific operational definition in this manuscript. Therefore, to avoid confusion, 
the term "impairment" is used here to refer to velopharyngeal failure of unspecified 
etiology and severity. "Inadequacy" is defined on pages 91 - 92. 



hearing ~pairment (Bradley, 1989; McWilliams, Morris, & Shelton, 1990; 

Peterson-Falzone, 1988b; Trost-Cardamone, 1989). 
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Some children and adults with atypical structure or function of the 

velopharyngeal mechanism have normal speech. However, others have mildly to 

severely disordered speech. Deviations from normal speech production may include 

nasal emission of air during obstruent consonants, "weak" production of pressure 

consonants, substitution of glottal or pharyngeal consonants for oral pressure 

consonants, hypemasality, or some combination of these (McWilliams et al., 1990; 

Trost, 1981, 1990). Because such speech characteristics usually indicate 

velopharyngeal impairment (Curtis, 1968; McWilliams, 1985), treatment of these 

speech problems should be preceded by evaluation of the structure and function of 

the velopharyngeal mechanism. 

Evaluation and Treatment of 

Velopharyngeal Impairment during Speech 

To assess the structure and function of the velopharyngeal mechanism, 

examiners observe the person's performance on speech, aerodynamic, physiological, 

and acoustic variables, or often a subset of these variables. Based on this 

information about the velopharyngeal mechanism, patients' velopharyngeal 

mechanisms are classified as "competent," "borderline competent," or 

"incompetent" (McWilliams et al., 1990), or as aeromechanically "adequate," 

"borderline adequate," or "inadequate" for normal speech production (Warren, 



1975, 1979). These competency or adequacy judgments then influence subsequent 

treatment decisions. 

16 

Treatment to improve the function of the velopharyngeal mechanism, thereby 

facilitating appropriate production of oral speech sounds, may include physical 

management, speech therapy, or both. For individuals whose mechanisms are 

classified as incompetent or inadequate, physicians and speech-language clinicians 

generally agree that physical management--such as secondary palatal surgery or use 

of prostheses--is a necessary component of treatment. Speech-language clinicians 

may also provide behavioral treatments of velopharyngeal function, but they alone 

would not be sufficient to treat a mechanism that is clearly inadequate. 

For individuals whose mechanisms are classified as borderline competent, 

treatment decisions are not as clear-cut because of uncertainty regarding whether 

they have velopharyngeal mechanisms capable of supporting normal speech (Hardin, 

Morris, & Van Demark, 1986). Rather than recommend possibly unnecessary 

physical management for these individuals, physicians and clinicians often 

recommend trial behavioral treatment to improve the function of the velopharyngeal 

mechanism and to elicit oral speech (Coston, 1986; Lotz & Netsell, 1987; Ruscello, 

1982, 1989; McWilliams et aI., 1990; Schneider & Shprintzen, 1980). The 

structural and physiological characteristics of the mechanism, as well as other 

variables such as intelligence and hearing sensitivity (Starr, 1993), may limit a 

person's ability to profit from behavioral treatments. Nevertheless, if the individual 

has not yet tried movements that the mechanism is capable of or has not yet learned 



to use specific movements in appropriate contexts, behavioral treatments may be a 

reasonable approach to improving velopharyngeal function (McWilliams et al., 

1990). 

Behavioral Treatments 

to Improve Velopharyngeal Function 

17 

The effectiveness of behavioral treatments to improve velopharyngeal 

function has been questioned and certain behavioral treatment procedures are no 

longer widely advocated (McWilliams et aI., 1990; Ruscello, 1989). Those who 

believe that these treatments are ineffective point out that, in the past, many 

individuals with velopharyngeal impairment have endured long-term speech therapy 

treatments that have not altered velopharyngeal function (Van Demark & Hardin, 

1990). Furthermore, reviewers of reports of behavioral treatments note that data

based evidence supporting these treatments is sparse (e.g., McWilliams et aI., 1990; 

Ruscello, 1989; Starr, 1990, 1993). 

Nevertheless, some clinicians and researchers continue to propose and 

advocate behavioral treatments to modify velopharyngeal function. These efforts are 

apparently motivated by concern that surgery is highly invasive and constitutes 

overtreatment at least in cases of mild velopharyngeal impairment (Bradley, 1989; 

Peterson-Falzone, 1982b). The reports that some speakers are helped by behavioral 

procedures encourage clinicians to believe that at times behavioral treatments may 

be effective alternatives to surgery and, therefore, they should be studied further. 

In addition, the development of new instruments for assessing velopharyngeal 



function ~ave made it possible for clinicians to devise new treatments that provide 

feedback related to velopharyngeal movements (Peterson-Falzone, 1988a). 
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Behavioral treatments recently reported to facilitate improved velopharyngeal 

closure in some speakers with velopharyngeal impairment include: obturator 

reduction (Israel, Cook, & Blakeley, 1993), articulation therapy (Ysunza, Pamplona, 

& Toledo, 1992), resistance exercise of the velopharyngeal mechanism (Kuehn, 

1991), elicitation of improved velopharyngeal function as a by-product of speaking 

louder and with increased effort (Netsell & Lotz, 1991), successive approximation 

of improved velopharyngeal function from speech contexts or nonspeech activities in 

which closure is achieved (Riski, 1984), and provision of feedback such as nasal 

airflow (Van Demark & Hardin, 1990) or videoendoscopic images (Hoch, Golding

Kushner, Siegel-Sadewitz, & Shprintzen, 1986; Witzel, Tobe, & Salyer, 1989). 

Clinicians and investigators who develop and advocate these behavioral 

treatments have presented varying amounts of detail regarding the histories of 

per~ons receiving the treatments, treatment procedures, and treatment results. Some 

authors give no quantitative results of their proposed treatments; most offer minimal 

pretreatment and posttreatment data; and only a few give a detailed report of the 

progress of their subjects during the course of the treatment. Even the most detailed 

treatment reports have not controlled for the effects of factors such as maturation. 

Although insufficient data exist to justify ongoing use of these behavioral 

treatments, it is intriguing that so many clinicians and researchers are advocating 

and using them. Many reportedly successful treatments were developed at well-



respected clinics and laboratories in several countries and those who developed the 

treatments agree that velopharyngeal function can be improved in at least some 

speakers. Moreover, the majority of practicing speech-language clinicians 

responding to surveys expressed their belief that speech therapy can be effective in 

treating velopharyngeal insufficiency (pannbacker, Lass, & Stout, 1990) and 

indicated that they are presently using behavioral methods in attempts to alter 

velopharyngeal function (Schneider & Shprintzen, 1980). 

Related Research and Theory 
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In addition to the clinical reports and data already mentioned, other related 

research and theory support the idea that, in at least some individuals, 

velopharyngeal impairment may be modified by behavioral means. For example, 

results of some studies have been interpreted as suggesting that some speakers may 

have the ability to use more nearly normal velopharyngeal movements under certain 

circumstances (e.g., Henningsson & Isberg, 1986). Other studies have been 

interpreted to indicate that some speakers may acquire atypical velopharyngeal 

movements to reduce speech disabilities arising from velopharyngeal impairment 

(e.g., Kamell, Folkins, & Morris, 1985). These studies are consistent with current 

theories of speech motor control (Folkins, 1985). 

Summary 

Data provided by clinical and descriptive research reports constitute, at best, 

weak support for using behavioral methods to improve velopharyngeal function. 

Nevertheless, some clinicians and clinical researchers continue to advocate these 
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methods for some individuals with velopharyngeal ifl:1painnent. In addition, many 

practicing speech-language clinicians are using these methods. Therefore, additional 

research is needed to assess whether these behavioral treatments do result in 

improved velopharyngeal function and, if so, the circumstances associated with 

success. Specifically, clinical researchers need to systematically observe and 

describe the results of behavioral procedures for modifying velopharyngeal closure 

movements and to identify the characteristics that distinguish individuals for whom 

the procedures are successful and unsuccessful. Results of this research should help 

clinicians select and provide appropriate treatments for individuals with speech 

problems associated with velopharyngeal impainnent. 

The Current Study 

This dissertation is a systematic study of the initial step employed in some 

behavioral treatments to improve velopharyngeal function--testing stimulability for 

reduced velopharyngeal orifice area. Some clinicians begin behavioral treatment of 

velopharyngeal function by asking the client to perfonn a set of speech tasks to 

assess stimulability for improved velopharyngeal closure. Clinicians use tasks that 

they believe have the potential to elicit relatively immediate reduction in 

velopharyngeal orifice area in individuals who have sufficient muscle tissue and 

neurological function to support velopharyngeal closure. If, during any of these 

tasks, a client achieves complete velopharyngeal closure or comes close to achieving 

complete closure, the clinician uses these tasks as the starting point of treatment. In 

later treatment steps, the clinician presents activities to teach the client to stabilize 



use of the improved velopharyngeal closure behavior in words and other short 

utterances and to generalize use of the new closure behavior to his or her 

spontaneous speech. 
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This study explored whether certain stimulability tasks were associated with 

improved velopharyngeal closure during production of the stop consonant Ipl and 

the fricative consonants lsi, If I , or I S I. Subjects were children with histories of 

velopharyngeal impairment either secondary to repaired palatal clefts or of unknown 

etiology. The children were assessed with respect to variables indicative of their 

pretreatment velopharyngeal function and variables thought to be related to their 

capacity for improved velopharyngeal function. They then performed tasks that 

have been reported to stimulate improved velopharyngeal function during 

consonants. Estimated velopharyngeal orifice areas during obstruent consonants 

were computed to assess whether improvements in velopharyngeal function occurred 

during any of these stimulability tasks. Thus, this is a descriptive, exploratory 

study of children's velopharyngeal responses to stimulability tasks, which is a first 

step toward testing certain of the behavioral treatments. 



22 

Chapter 2. 

REVIEW OF THE LITERATURE 

The use of behavioral treatments to improve velopharyngeal function has long 

been controversial. The search for behavioral treatments has continued for many 

years yet their effectiveness is still largely in doubt (McWilliams et aI., 1990; 

Peterson-Falzone, 1988b; Ruscello, 1989; Spriestersbach et aI., 1973; Starr, 1990, 

1993). 

Considering that many continue to question whether these procedures improve 

velopharyngeal function, what motivates the continued work to find behavioral 

procedures for improving velopharyngeal function? The main impetus for this work 

is apparently the belief that some speakers with velopharyngeal impairment have a 

speech disability needing management alternatives less invasive than surgery 

(Bradley, 1989; Peterson-Falzone, 1982a). Speakers with this type of speech 

disability include those whose velopharyngeal-related speech disability is noticeable 

but relatively minor, those with repaired palatal clefts who have had pharyngeal 

flaps but who still demonstrate nasalized speech, and those who have phoneme

specific nasal emission. Clinicians working with these individuals may not want to 

recommend surgery because it is a risky, costly, permanent alternative that may 

create other problems such as impaired nasal respiration. Even if surgery is 

recommended, the individual or his or her parents may be unwilling to agree to 

surgery as an appropriate alternative for a problem they consider to be relatively 

minor (McWilliams et aI., 1990). In some cases, clinicians may judge that surgical 



23 

or prosthetic treatment will not resolve the speech disability because it is related not 

to problems of velopharyngeal anatomy or physiology but to inappropriate learning 

or the persistence of behaviors learned earlier in life when problems of anatomy or 

physiology did exist (Van Demark & Hardin, 1990). 

Although developing behavioral treatments and empirically demonstrating 

their effectiveness has been difficult, some clinicians and researchers still believe 

that behavioral change of the velopharyngeal mechanism should be possible. The 

velopharyngeal mechanism is skeletal muscle and, therefore, speakers should be able 

to voluntarily alter its movements and learn new patterns of movement (McWilliams 

et al., 1990). Researchers have shown that normal speakers can modify 

velopharyngeal movements at least in certain experimental contexts (e.g., Moon & 

Jones, 1990; Shelton, Paesani, McClelland, & Bradfield, 1975; Siegel-Sadewitz & 

Shprintzen, 1982). Speakers with impairments of velopharyngeal anatomy or 

physiology may not have as much ability to modify velopharyngeal movements as 

do speakers with normal velopharyngeal anatomy and physiology, but they should 

be able to make modifications within the limits of their mechanisms (Kuehn, Moon, 

Folkins, 1993; McWilliams et al., 1990). 

To explain the context in which current study of behavioral treatments of 

velopharyngeal function must occur, I will briefly describe the history of the 

acceptance of these treatments and identify prevailing views regarding the treatments 

and who may benefit from them. Next, I will review the literature pertaining to the 

behavioral procedures of specific interest in this dissertation: testing stimulability 
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for reduced velopharyngeal orifice area during obstruent consonants. Finally, I will 

examine research and theory that do not directly involve behavioral treatments, but 

which are compatible with the notion that velopharyngeal function may be amenable 

to behavioral change. 

History and Current Use of 

Behavioral Treatments of Velopharyngeal Impairment 

Brief History of the Fluctuating Acceptance 

of Behavioral Treatment Alternatives 

For more than 50 years, clinicians have attempted to use behavioral treatment 

methods to improve velopharyngeal function in speakers who have concomitant 

speech problems (e.g., Berry & Eisenson, 1966; Kanter, 1947; Froeschels, 1943; 

Froeschels, Kastein, & Weiss, 1955; McWilliams et aI., 1990; Morley, 1966; 

Peterson-Falzone, 1988b; Wells, 1971). However, the acceptance of these 

procedures by leading clinicians and clinical researchers has varied considerably 

over the years. Peterson-Falzone (1988a) identified three stages of thinking about 

behavioral treatments and her outline of these stages is used here to show how 

current interest in these treatments has emerged. 

From the 1940s through the 1950s and early 1960s, many clinicians believed 

that nonspeech exercises would increase the strength or voluntary control of the 

velopharyngeal mechanism for speech. During this period, clinicians commonly 

used activities such as blowing, whistling, sucking, swallowing, cheek puffing, and 
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playing wind instruments with the expectation that velopharyngeal closure obtained 

during these activities would transfer to speech (Peterson-Falzone, 1988a). 

During the 1960s and 1970s, these procedures fell out of favor perhaps 

largely because research conducted during that time did not support their use. In an 

often cited study using sagittal cinefluorography, Moll (1965) showed that normal 

speaking individuals did not typically close the velopharyngeal port during sucking 

and cheek puffing. He also found that velar movements used during blowing and 

gagging differed from those during speech. These findings led clinicians to question 

the validity of using these nonspeech activities as the basis for improving 

velopharyngeal closure for speech. In addition, treatment research conducted in the 

1960s and 1970s failed to support the idea that nonspeech exercises (e.g., 

Massengill, Quinn, Pickerell, & Levinson, 1968; Powers & Starr, 1974) or speech 

therapy procedures (e.g., Shelton, Chisum, Youngstrom, Arndt, & Elbert, 1969) 

were associated with improvements in velopharyngeal function. Because clinical 

impressions that therapy improved velopharyngeal function were not supported by 

research, authorities concluded that velopharyngeal impairment could not be 

improved by speech therapy methods (Spriestersbach et al., 1973). Nevertheless, an 

undercurrent of interest in behavioral treatments remained and new procedures were 

proposed during the 1960s and 1970s (e.g., Blakeley, 1969; Lubit & Larsen, 1971; 

Yules & Chase, 1969). 

The third phase of thought about behavioral methods for treatment of 

velopharyngeal impairment began in the mid-1970s and early 1980s. At that time, 
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the number of individuals reporting use of such treatments began to increase. 

Peterson-Falzone (1988a) attributed this revived interest to two factors: (a) 

additional studies of velopharyngeal function during blowing and speech and, (b) the 

introduction of endoscopy. Using multiview videofluoroscopy, Shprintzen, 

Lencione, McCall, and Skolnick (1974) observed that velopharyngeal closure 

patterns were similar for blowing, whistling, and speech. Subsequently, Shprintzen, 

McCall, and Skolnick (1975) treated four individuals who initially achieved closure 

during blowing but not speech. In the reported treatment, velopharyngeal closure 

during phonation was elicited by combining blowing and phonation; the improved 

closure during phonation was successfully generalized to utterances of increasing 

length. This treatment study encouraged others to develop additional behavioral 

methods of altering velopharyngeal function. One newly developed approach to 

treatment incorporated the use of endoscopy. The endoscopic image of the 

velopharyngeal mechanism gave subjects visual feedback on velopharyngeal closure 

during treatment. Several investigators reported that treatments using endoscopic 

feedback resulted in improved velopharyngeal function for speech (Hoch et al., 

1986; Nishio, Yamaoka, Matsuya, & Miyazaki, 1974; Yamaoka, Matsuya, 

Miyazaki, Nishio, & Ibuki, 1983; Witzel, Tobe, & Salyer, 1988, 1989). 

Many clinicians and researchers today continue to develop and use behavioral 

treatments for velopharyngeal impairment (e.g., Israel et aI., 1993; Kuehn, 1991; 

Netsell & Lotz, 1991; Pannbacker et aI., 1990; Ruscello, Shuster, Sandwisch, 1991; 

Wolfaardt, Wilson, Rochet, & McPhee, 1993; Ysunza et aI., 1992). Such 
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treatments are controversial primarily because few research studies support their 

effectiveness. In fact, reviewers of the literature in this area are hesitant to endorse 

any specific procedure (e.g., McWilliams et al., 1990; Ruscello, 1989; Starr 1993). 

Nevertheless, some trends can be identified in the current opinion and evidence 

concerning these treatments. 

Overview of Current Opinions and Evidence 

Concerning Behavioral Treatments 

Treatments Not Commonly Advocated Today 

Some behavioral treatments that have been used in past attempts to improve 

velopharyngeal function have been judged to be ineffective and are no longer 

commonly advocated (Coston, 1986; Hoch et al., 1986; McWilliams et al., 1990; 

Ruscello, 1982, 1989; Starr, 1990, 1993). These treatments include: 

(1) blowing, sucking, swallowing, and gagging exercises for the purpose of 

strengthening the velum (Kanter, 1947; Massengill et al., 1968; Morley, 

1966; Powers & Starr, 1974; Wells, 1971), 

(2) exercises to strengthen the velum by offering resistance that pushes up on the 

velum (Lubit & Larsen, 1969, 1971), and 

(3) electrical or tactile stimulation of palatal movement (Peterson, 1974; Tash, 

Shelton, Knox, & Michel, 1971; Weber, Jobe, & Chase, 1970; Westlake & 

Rutherford, 1966; Yules & Chase, 1969).2 

2 Reviewers of the treatment literature indicate that electrical stimulation is 
unlikely to be effective and no recent papers published in English have supported use 



28 

Currently Advocated Treatments 

Several treatment procedures are presently recommended as effective in 

improving velopharyngeal function for some speakers. These include: 

(1) obturator reduction (Blakeley, 1964, 1969; Israel et aI., 1993; Lange & 

Kipfmueller, 1969; McGrath & Anderson, 1990; Shelton, Lindquist, Arndt, 

Elbert, & Youngstrom, 1971; Shelton et aI., 1971; Weiss, 1971; Wolfaardt et 

aI., 1993), 

(2) use of palatal training appliances (Selley, Zananiri, Ellis, & Flack, 1987; 

Stuffins, 1989; Thompson, Ferguson, & Barton, 1985; Tudor & Selley, 

1975), 

(3) articulation therapy (Albery, 1989; Coston, 1986; Golding-Kushner, 1981, cited 

in Hoch et aI., 1986; Shelton et aI., 1969; Shprintzen, 1985 cited in Hoch et 

aI., 1986; Ysunza et aI., 1992), 

(4) delivery of air pressure through the nares to provide resistance exercise for the 

muscles velar elevation during speech (Kuehn, 1991), 

(5) elicitation of improved velopharyngeal function as a by-product of speaking 

louder and with increased effort (Coston, 1986; Froeschels, 1943; Froeschels 

of this technique. However, an abstract of a paper by a Russian group (Efimova, 
Sysoliatin, Filiushina, Buzueva, & Zheleznyi, 1991) reported effective use of 
electrostimulation of the soft palate muscles with 30 children who had repaired palatal 
clefts. They used "morphometric" and electromyographic methods to show that 
electrostirnulation improved the "morphology" of the soft palate muscles. 
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et aI., 1955; Lotz & Netsell, 1986,1987; Netsell & Lotz, 1991; Netsell & . 
Rosenbek, 1986; Westlake & Rutherford, 1966), 

(6) successive approximation of improved velopharyngeal function from speech 

contexts or nonspeech activities in which closure is achieved (Albery, 1989; 

Hall & Tomblin, 1975; Lotz & Netsell, 1986, 1987; Riski, 1984; Shprintzen 

et aI., 1975; Van Demark & Hardin, 1990; Witzel et aI., 1988), and 

(7) provision of feedback regarding nasal airflow (e.g., Blakeley, 1972; Collins, 

Rubow, Rosenbek, & Gracco, 1981, cited in Netsell & Rosenbek, 1986; 

Coston, 1986; Ellis, Flack, Curle, & Selly, 1978; Glaser & Shprintzen, 

1979; Hardy, 1983; Rosenbek & La Pointe, 1978; Shprintzen et aI., 1975; 

Stuffins, 1989; Van Demark & Hardin, 1990), nasal air pressure (Ruscello et 

aI., 1991), videoendoscopic images (e.g., Hoch et aI., 1986; Nishio et al., 

1974; Shelton, Beaumont, Trier, & Furr, 1978; Witzel et al., 1988, 1989; 

Yamaoka et al., 1983), Nasometer or Tonar data (e.g., Burrell, 1989, cited 

in Starr, 1993; Daly & Johnson, 1974; Fletcher, 1972a, 1978; Fletcher & 

Higgins, 1980), accelerometric data (Horii & Monroe, 1983), and amount of 

light transmitted through velopharyngeal port (Dalston & Keefe, 1987; 

Kunzel, 1982). 

The number and variety of currently advocated treatments confirm that many 

clinicians and researchers believe behavioral procedures may have the potential to 

help some individuals acquire clinically significant improvements in velopharyngeal 

function. Unfortunately, even the recent literature is a diverse blend of statements 
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of opinion, clinical reports, and research studies that offers few data-based 

guidelines for providing these treatments. This entire body of literature will not be 

reviewed in detail here because only a subset of these procedures were the focus of 

this dissertation study. However, an overview of some of the present perspectives 

on these treatments is relevant to this dissertation. The next two sections summarize 

current ideas concerning who may profit from these treatments and which of the 

treatments may be effective. 

Who may profit from behavioral treatments. Clinicians and researchers who 

advocate these procedures generally acknowledge that only certain individuals with 

velopharyngeal impairment may have the potential to profit from behavioral 

treatments to improve velopharyngeal function. Among those most likely to profit 

are individuals with inconsistent or borderline velopharyngeal "competency" 

(Coston, 1986; Hoch et aI., 1986; Kunzel, 1982; McWilliams et aI., 1990) or 

borderline velopharyngeal "adequacy" (Warren, 1979), individuals with mild-to

moderate consistent velopharyngeal "dysfunction" (Lotz & Netsell, 1987), 

individuals who have recently received secondary palatal surgery (Coston, 1986; 

Van Demark & Hardin, 1990), and individuals who achieve velopharyngeal closure 

in certain speech or nonspeech tasks prior to treatment (McWilliams et aI., 1990; 

Shprintzen et aI., 1975; Starr, 1993; Trost, 1986). However, being a member of 

any of these categories does not guarantee improvement of velopharyngeal function 

with behavioral treatment (McWilliams et aI., 1990; Van Demark & Hardin, 1990). 

Physiological impairment of the mechanism limits speakers' ability to profit from 



these treatments even for those who belong to one of the above categories. For 

example, if a palate is too short, velopharyngeal closure will never be achieved no 

matter how well the palate or pharyngeal walls move. 
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Most clinicians and researchers using behavioral methods to improve 

velopharyngeal function have administered these treatments to speakers with 

repaired cleft palates (McWilliams et aI., 1990; Ruscello, 1982, 1989; Starr, 1990, 

1993). Others have used these methods to treat velopharyngeal impairment and 

hypernasality secondary to neurological problems (e.g., Netsell & Rosenbeck, 1986) 

and hearing loss (Fletcher & Higgins, 1980) but, reports of applications of the 

methods to velopharyngeal problems associated with these disorders are relatively 

infrequent. Often, the etiology of velopharyngeal impairments treated behaviorally 

is unknown (e.g., W. K. Lotz, personal communication, 1990; Ruscello et aI., 

1991). 

Several authors claim that phoneme-specific nasal emission is relatively easy 

to resolve (e.g., Coston, 1986; Hoch et aI., 1986; Trost, 1986; Van Demark & 

Hardin, 1990). However, others have written that this is "sometimes a difficult 

habit to break" (Albery, 1989) and may not change even after extensive traditional 

therapy (Peterson, 1975). The literature includes treatment descriptions for three 

individuals with this problem (Hall & Tomblin, 1975; Ruscello et aI., 1991; Witzel 

et aI., 1988). 

Although both children and adults have been treated with these behavioral 

procedures, most of the subjects of reported treatments were children. In addition, 



Weiss (1~71) stated that younger patients were more likely than older patients to 

experience successful obturator reduction and elimination. 

32 

Which treatments may be effective. Starr (1990) concluded from his review 

of this treatment literature that treatments consisting of speech activities were more 

likely to be effective than treatments consisting of nonspeech activities, and Kuehn 

(1991) said that training using speech activities would have the most face validity. 

Virtually all currently advocated treatments focus on improving velopharyngeal 

function during speech activities. Some treatments that do include a nonspeech 

activity either combine nonspeech and speech behaviors (e.g., Shprintzen et aI., 

1975) or use the nonspeech for only a short time early in treatment (e.g., Van 

Demark & Hardin, 1990). 

Currently, the most often advocated treatment component is provision of 

instrumental feedback related to velopharyngeal function or movement (Starr, 1990). 

By providing a speaker with such feedback, the clinician is supplementing the 

sensory information the speaker can receive via audition and somesthesis (Davis & 

Drichta, 1980). Because awareness of velopharyngeal position and kinesthesis is 

poor (e.g., Shelton, 1963, 1989), use of instrumental feedback may be a logical 

treatment approach (Peterson-Falzone, 1982a). Results of studies incorporating 

feedback have been described as promising (McWilliams et aI., 1990; Ruscello, 

1989); however, reviewers of this literature have indicated that additional research is 

needed to document the effectiveness of these procedures. In particular, future 

studies need to assess the relative effectiveness of various components of treatments 



incorporating feedback. As pointed out by Starr (1993), many of the individuals 

receiving feedback as one treatment component have simultaneously received other 

types of therapy such as articulation therapy (Yamaoka et aI., 1983), shaping from 

blowing (Shprintzen et aI., 1975), or shaping from other consonants produced with 

closure (Witzel et aI., 1988). Using more than one treatment simultaneously 

complicates the interpretation of these studies. 

Summary 
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The popularity of behavioral treatments to improve velopharyngeal function 

has waxed and waned over the years. Clinicians and researchers today are actively 

developing and using a variety of such treatments, none of which has been 

supported unequivocally by research. Those who advocate these treatments believe 

that they may be of help to speakers with relatively mild impairments of 

velopharyngeal anatomy and physiology and to speakers who have no identifiable 

impairments of anatomy or physiology but who demonstrate atypical velopharyngeal 

function during speech. Furthermore, they believe that treatments most likely to be 

effective involve practice of velopharyngeal movements during speech and provide 

the speaker with some type feedback regarding velopharyngeal function. 

Literature related to the behavioral treatments of specific interest in this 

dissertation will be discussed in detail in the next section of this review. 



Testing Stimulability for 

Reduced Velopharyngeal Orifice Area 

What is Stimulability Testing? 
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The term "stimulability" originated in the literature concerning the evaluation 

and treatment of articulation disorders (Milisen, 1954). During the evaluation of 

disordered articulation, the clinician identifies the sounds which the speaker 

produces incorrectly. For each error sound identified, the clinician produces the 

sound correctly and instructs the speaker to imitate his or her production of the 

sound. A speaker is said to be "stimulable" if he or she can produce an error sound 

correctly after being given the clinician's auditory and visual model of correct sound 

production (Bemthal & Bankson, 1981; Diedrich, 1983). Stimulability testing refers 

to the process of assessing whether the speaker is stimulable for production of each 

error sound in isolation and in syllable and word contexts. Madison (1979) noted 

that often stimulability testing also includes assessment of the speaker's ability to 

produce an error sound after being given brief instructions for correct placement of 

the articulators. 

In practice, attempts to elicit, or "stimulate," correct sound production often 

go beyond stimulability testing as defined above. This occurs when the speaker 

continues to produce a sound in error even after being given the clinician's auditory 

and visual model and after receiving placement instructions. The clinician may 

continue attempts to elicit correct sound production by searching for phonetic 

contexts in which the error sound is produced correctly or by using successive 
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approximations. The use of these types of additional strategies to stimulate correct 

sound production has been called "dynamic assessment" (Bain, 1993). Sometimes, 

attempts to stimulate correct sound production continue beyond evaluation and 

constitute the first step of what has been called the establishment phase of 

articulation remediation (Bernthal & Bankson, 1981). 

In this dissertation, "stimulability testing" refers to procedures designed to 

elicit relatively immediate reduction in velopharyngeal orifice area if such reduction 

is possible for the speaker. Thus, the present use of the term is more similar to 

"dynamic assessment" than to what has classically been termed "stimulability 

testing" in the articulation literature. In the context of behavioral treatments for 

improving velopharyngeal function, these procedures have also been called "probe 

therapy" (Lotz & Netsell, 1986, 1987). Because the focus of this dissertation study 

is on stimulating or eliciting improved velopharyngeal function, the term 

"stimulability testing" is used here. 

This dissertation is concerned only with this initial stage of treatment. 

Stimulability procedures were studied to ascertain whether they elicited improved 

velopharyngeal function during consonants. The procedures were implemented 

more than once to check the reliability of the subjects' responses. However, no 

attempt was made to stabilize any new velopharyngeal behaviors elicited by the 

stimulability procedures. 

In treatments that begin with stimulability testing, additional treatment steps 

follow this initial step. After a new speech behavior is elicited, clinicians and 



researchers provide activities to stabilize the new behavior and to facilitate its 

transfer to other phonetic and linguistic contexts and to communication settings 

outside of therapy (Bemthal & Bankson, 1981). Many authors have proposed or 

used these procedures for promoting generalization of improved velopharyngeal 

function (e.g., Fletcher, 1978; Hall & Tomblin, 1975; Lotz & Netsell, 1987; 

Ruscello et aI., 1991; Shelton et aI., 1978; Shprintzen et aI., 1975; Witzel et aI., 

1989). Such additional treatment steps were not studied in this dissertation. 
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Two types of stimulability testing were considered in this dissertation: (1) 

eliciting improved velopharyngeal function as a by-product of speaking louder and 

with increased effort, and (2) shaping improved velopharyngeal function. Two 

shaping tasks were studied: shaping from blowing and shaping from other speech 

sounds during which the velopharynx is either closed or nearer to being closed than 

during the sounds selected for treatment. The literature pertaining to these 

procedures will now be reviewed. 

Eliciting Improved Velophal)'ngeal Function 

as a By-Product of Speaking Louder and with Increased Effort 

Producing speech with greater-than-typical effort and intensity has been 

proposed to stimulate improved velopharyngeal function. Lotz & Netsell 

recommended this approach for speakers who have "mild-to-moderate consistent 

velopharyngeal dysfunction" (Lotz & Netsell, 1986, 1987) or "variable 

velopharyngeal dysfunction" (Netsell & Lotz, 1991). They suggested that speakers 

with these impairments use increased mouth opening and produce speech that is 
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"exaggerated," "overarticulated," and loud. Similarly, Coston (1986) encouraged 

speakers with repaired palatal clefts who have inconsistent or marginal 

"velopharyngeal competency" to open the mouth wider for speech, "talk louder, 

though not excessively loud," and "produce the speech component more vigorously" 

(p. 80). These clinicians indicated (G. N. Coston, personal communication, 1990; 

W. K. Lotz, personal communication, 1990) that improved velopharyngeal function 

could be expected as a by-product of performing speech in this way. Furthermore, 

they reported that these instructions, combined with other aspects of a treatment 

program, resulted in improved speech for some of their clients (e.g., Coston, 1986; 

Netsell & Lotz, 1991). 

Few data have been provided to support these claims: Coston offered no 

data, and Netsell and Lotz presented case history data from sample clients, 

including selected pretreatment and posttreatment measures of nasal airflow and 

velopharyngeal resistance. Netsell and Lotz (1991) reported complete resolution of 

the speech disability of a 12-year-old child with "variable velopharyngeal 

dysfunction." This child was diagnosed as having an occult submucous cleft palate 

and, before treatment, her oral consonants were produced with 20 to 200 cc/sec 

nasal airflow. Two other children with variable velopharyngeal dysfunction 

demonstrated improved speech and velopharyngeal function but did not completely 

resolve the speech problem. One of these latter children performed well in 

treatment sessions but did not generalize the new behaviors to speech outside the 
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treatment setting. The other child demonstrated much reduced nasal airflow during 

oral consonants, but his speech was described as less than perfect. 

Netsen and Rosenbek (1986) advocated a similar approach for treating "mild 

velopharyngeal dysfunction" present as part of a dysarthria (see also Rosenbek & La 

Pointe, 1978). They suggested that patients with this type of dysarthria alter their 

typical speech pattern by speaking more slowly, with greater effort, with greater 

mandibular movements, and with increased lip and tongue movements. To 

encourage these exaggerated movements, they recommended asking patients to 

speak louder or to speak with a bite block. 

Netsen and Rosenbek stated that speaking with greater oral opening and 

increased labial and lingual movements may decrease the perception of nasalization 

in the speech of those with "mild-to-moderate velopharyngeal dysfunction." They 

also said that speaking loudly can increase both the orofacial and velopharyngeal 

movements in patients with dysarthria because the increased effort required by loud 

speech increases the contraction force of the muscles of speech production. Netsen 

and Rosenbek presented no data to support these particular aspects of their 

dysarthria treatment procedures. 

These recent recommendations for improving velopharyngeal function appear 

to involve simultaneous modification of speaking effort, vocal intensity, extent of 

oral and lingual movements, and speaking rate. These variables are often closely 

related. As already mentioned, Netsen and Rosenbek (1986) said that patients 

speaking louder than usual also tended to exaggerate their oral movements. Also, 



Netsell and Lotz (1991) stated that exaggerated speech was produced at a slower

than-typical rate. 
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In the past, other clinicians have also suggested modification of one or more 

of these variables to treat velopharyngeal impairment. These suggestions will be 

reviewed next. 

Past Clinical Suggestions and Speculations 

Speaking with increased effort and loudness. Froeschels' (1943) pushing 

exercises required effortful productions of vowels, syllables, words, etc. He 

speculated that the increased effort associated with forcefully pushing the fists down 

from the shoulders would overflow into the speech musculature, including the velar 

musculature. This overflow might then be accompanied by greater velar elevation. 

He claimed that pushing exercises were "successful in hundreds of cases of paralysis 

of the velum." Froeschels, Kastein, and Weiss (1955) described the case histories 

of three individuals with whom the pushing exercises were used. An adult with a 

repaired cleft palate and a child with velopharyngeal impairment of unknown 

etiology were said to develop normal speech. A child with a repaired cleft palate 

failed to develop normal speech reportedly because of the presence of a short palate, 

but Froeschels et al. claimed that the child's nasalization decreased as a result of the 

pushing exercises. 

Westlake and Rutherford (1966) also suggested an approach based on 

increased effort. This approach was to be used by speakers with repaired palatal 

clefts who almost, but not completely, reached velopharyngeal closure. They 
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recommended that these speakers use slow, "energetic speech," and " [emphasize] 

the consonants." According to Westlake and Rutherford, speaking in this manner 

often resulted in improved velopharyngeal closure because "more forceful 

production of the consonants requires greater tonicity in all the speech musculature, 

including that in the velopharyngeal area" (p. 112). 

Despite these claims that velopharyngeal function and speech improve when 

speaking in this manner, clinicians have also observed that increased effort and 

loudness sometimes are associated with poorer speech. McWilliams et al. (1990) 

noted that when speakers with velopharyngeal incompetence secondary to repaired 

palatal clefts increase loudness, audible nasal emission and hypernasality often 

increase. Speaking louder is associated with higher respiratory airflow than when 

speaking at one's typical intensity level. Apparently, when higher respiratory 

airflows are directed through the open velopharyngeal port, increased nasalization is 

perceived. Similar observations and interpretations have been offered by Albery 

(1989), Lubker (1970), and Peterson-Falzone (1982b). 

Speaking with increased oral opening. Peterson-Falzone (1982b) speculated 

that louder speech may at times be perceived as less nasalized because the louder 

speech is produced with increased articulatory precision and increased oral opening. 

This latter manner of speaking--exaggerating oral opening--was also frequently 

recommended by various clinicians as a therapeutic procedure. Darley, Aronson, & 

Brown (1975) suggested that this was one of the few approaches that might reduce 

hypernasality in individuals with dysarthria. Others (e.g., McDonald & Koepp-



Baker, 1951; Shelton, Hahn, & Morris, 1968; Wells, 1971) advocated this 

procedure for use with individuals who have repaired palatal clefts. Shelton et al. 

(1968) described use of increased oral opening as a means of decreasing oral 

impedance; when oral impedance to sound and airflow is reduced relative to nasal 

impedance, speech is perceived as less nasal even though velopharyngeal closure 

remains relatively unchanged. 
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Speaking at a slower rate. Reduction of speaking rate was another suggested 

method of treating speech problems associated with velopharyngeal impairment. 

Bradley (1989) recalled that Mysak (1976) recommended use of an exaggerated and 

slowed speaking pattern to reduce hypernasality. She also noted that Moncur and 

Brackett (1974) suggested lengthening vowel durations to facilitate appropriate 

timing of velopharyngeal movements. Van Demark and Hardin (1990) said that 

speakers with scarred and slow-moving repaired palates have sometimes been 

advised to use reduce their speaking rate. The reduced rate was supposed to give 

their velopharyngeal structures more time to reach closure. 

Summary. Peterson-Falzone (1982b) advised clinicians treating hypernasality 

to examine how manipulation of these variables affected their clients' speech. She 

recommended that clinicians study changes in resonance and intelligibility associated 

with alterations in mouth opening, vocal effort level, speaking rate, exaggerated 

articulation, and also pitch. Presumably, the clinician would then encourage only 

those modifications associated with improved resonance or intelligibility in a 
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particular client's speech. Peterson-Falzone said nothing about whether any of these 

alterations could be expected to change velopharyngeal movements. 

Clinicians seem to agree that speaking with some combination of increased 

effort, increased loudness, exaggerated oral movements, and reduced rate is 

associated with improved speech for some individuals with velopharyngeal 

impairment. However, they disagree as to whether the improved speech is the 

result of changes in velopharyngeal function itself or the result of improved 

articulation or changes in oral-nasal resonance balance. 

To this point, this literature review has focused on clinical suggestions that 

speaking with increased effort, etc., results in improved speech. The research 

pertaining to these suggestions will be reviewed next. For most of the studies, 

subjects were speakers with repaired palatal clefts and velopharyngeal impairment or 

speakers with normal speech and no known velopharyngeal impairment. 

Little research is available to support the suggestion that modification of 

effort, intensity, oral opening, or speaking rate decreases the perception of 

nasalization. Even less research is available to support the suggestion that 

modification of these variables improves velopharyngeal function. The research 

pertaining to effects of these variables on both nasalization and velopharyngeal 

movements will be reviewed next--even though changes in velopharyngeal function, 

and not nasalization, are the focus of this dissertation. Studies of the effects of 

these variables on nasalization are relevant to this dissertation because tasks to 



improve ~elopharyngeal function behaviorally are implemented for the purpose of 

reducing nasalization. 

Effect of Increased Effort on Intensity and Velar Elevation 
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Tucker (1963) studied normal adult speakers who prolonged vowels at each 

of three effort levels--the effort level associated with conversational speech, twice 

conversational effort level, and half conversational level. The intensity of the 

prolonged vowels was measured and articulatory movements, including velar 

elevation, were observed cinefluorographically. Vowel intensity increased as effort 

level increased. Velar height was greater at higher effort levels, however, the 

difference in velar height from lowest to highest effort level was only approximately 

1 mm. Furthermore, as effort level increased, oral opening became greater and 

tongue position became lower in the oral cavity, which enlarged the vocal tract. 

Thus, for the normal speakers studied by Tucker, increased effort was accompanied 

by greater movement of all intraoral structures, including the velum. 

As part of a larger study, Seaver and Kuehn (1980) used cinefluorography 

and electromyography simultaneously to study velar height and activity of the palatal 

levator, palatoglossus, and palatopharyngeus muscles. Their subjects were normal 

speaking adults who produced /p/ and /k/ in consonant-vowel-consonant syllables in 

a normal manner and at a double effort level. They found the velum to be higher 

for the double-effort condition except for vowels produced in the context of /p/. In 

addition, increased effort was not always accompanied by increased muscle activity. 
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Relation Between Intensity and Perceived Nasality 

A few studies have addressed the relationship between intensity and perceived 

nasality of prolonged vowels in speakers with repaired palatal clefts. Hess (1959) 

asked speakers with repaired clefts to prolong each of six vowels at each of two 

intensities. He found that the higher intensity level was associated with significantly 

less perceived nasality, although the absolute difference between nasality ratings at 

the two intensity levels was small (0.25 on a 7-point scale). He cautiously 

recommended that speech clinicians might ask hypernasal speakers with repaired 

clefts to increase intensity as a means of reducing the perception of nasality. 

However, Hess warned that increasing intensity of connected speech may have a 

different effect on nasality than increasing intensity of prolonged vowels. 

Counihan and Cullinan (1972) also studied the relation between intensity and 

perceived nasality but obtained results opposite those of Hess and Williamson. 

Counihan and Cullinan studied normal speakers and speakers with repaired palatal 

clefts as they prolonged two vowels at each of four intensity levels. For both 

normal and cleft palate speakers, they found a trend toward increased nasality 

ratings as intensity level increased. Whether or not the trend was significant varied 

depending on sex of the speakers and the vowel. 

These studies indicate that increasing the intensity of vowels probably has 

minimal effect on perceived nasality of prolonged vowels and the direction of the 

effect may vary among speakers (Starr, 1993). Differences in procedures in these 

studies may have contributed to the different results in some unknown way. 
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However, the fact that studies disagree as to the direction of the relationship 

between intensity and nasality is compatible with the different effects of increased 

loudness reported clinically, as described above. Possibly, the nature of the 

relationship between intensity and nasality depends on the degree of velopharyngeal 

impairment experienced by the speakers. Westlake and Rutherford (1966) indicated 

that speakers with clearly "inadequate" mechanisms should use "quiet and deliberate 

speech" rather than the "energetic" and "more forceful" manner of speaking they 

recommended for speakers who were close to being able to achieve velopharyngeal 

closure. Nevertheless, it is not known whether differences among subjects' severity 

of velopharyngeal impairment led to the contradictory findings of these studies. 

These studies of the relation between intensity and nasality are not directly 

related to the topic of this dissertation, which concerns velopharyngeal function 

during consonants rather than nasality of vowels. However, the results of these 

investigations do not consistently show that speaking louder is associated with 

reduced nasalization. Therefore, even if speaking louder is associated with 

improved velopharyngeal closure, the improvement may not be sufficient to reduce 

vowel nasality. Whether or not speaking louder changes velopharyngeal function, 

these studies call into question its use as a means of reducing nasalization. Of 

course, as Hess noted, the effect of producing vowels with greater intensity may be 

different from the effect of producing conversational speech with greater intensity. 

Furthermore, the inconsistency of the findings may indicate that speaking louder 

may have different effects for different speakers. 
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Effect of .Increased Oral Opening on Nasalization and Velopharyngeal Movements 

Those suggesting the use of increased oral movements think that greater oral 

opening reduces oral impedance to sound and airflow, thereby changing oral-nasal 

resonance balance and reducing nasality of vowels and consonants produced with a 

relatively open vocal tract. However, Starr (1993) wrote that no formal studies 

have been published to support the idea that increasing oral opening decreases 

hypernasality in speakers with velopharyngeal impairment. 

Noone has demonstrated that increased oral opening influences 

velopharyngeal movements. However, Nishio and his colleagues speculated that 

increased oral movements during speech may lead to increased velopharyngeal 

movements. They (Nishio, Matsuya, Ibuki, & Miyazaki, 1976; Nishio, Matsuya, 

Machida, & Miyazaki, 1976) found that cranial nerve VII in primates was partially 

responsible for velopharyngeal movements resembling those characteristic of 

velopharyngeal movements during human speech. Based on this finding, they 

speculated that speech movements of the face and lips, such as nasal grimace and lip 

protrusion, may cause increased velopharyngeal movement by activating cranial 

nerve VII innervation of the velar muscles. Although this conjecture appears to 

bear on the issue of oral activity relating to velopharyngeal movements, those 

studying behavioral treatments have not used Nishio et al. 's findings to support their 

recommendation to exaggerate oral movements. Furthermore, human studies 

confirming that cranial nerve VII innervates the velopharyngeal area have not been 

reported. Therefore, at the present time, there appears to be little reason to believe 



that exaggerating oral movements would lead to increased velopharyngeal 

movements. 

Speaking Rate and Effects of Changes in Speaking Rate 
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No researchers have systematically studied whether reductions of speaking 

rate are associated with improved velopharyngeal closure or decreased nasalization 

for individuals who have velopharyngeal impairment. However, a few 

investigations of individuals with repaired palatal clefts have concerned speaking 

rate, duration of speech segments, and the effects of increasing speaking rate. Also, 

there is a small amount of information on normal speakers' velopharyngeal function 

during speech produced at slow rates. A few authors have written about the effect 

changing speaking rate in individuals with velopharyngeal impairment secondary to 

neurological disorders. This available research related to speaking rate will be 

reviewed next. 

Speaking rate and speech segment durations. Studies of speaking rate suggest 

that children and adults with velopharyngeal impairment and repaired palatal clefts 

speak more slowly than do their peers. Tarlow and Saxman (1970) found that 7-

and 8-year-olds with repaired clefts used significantly slower oral reading rates than 

did age-matched children without clefts. They did not address whether reading 

problems may have affected the reading rates of the subjects with clefts. Lass and 

Noll (1970) measured oral reading rates and "impromptu speaking rates" of college

age males with and without repaired clefts. The subjects with clefts, who had 



mildly hypernasal speech, used slower reading and speaking rates than did the 

subjects without clefts. 
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Studies of speech segment duration have yielded opposite results for children 

and adults. Forner (1983) measured stop gap durations, voice onset times, 

durations of fricatives and affricates, durations of vowels, and total sentence 

duration of a set of utterances produced by 5- and 6-year-old children with and 

without palatal clefts. Segments produced by the group of children with repaired 

clefts were longer than segments produced by the children without clefts. 

Furthermore, children with clefts who had more severely disordered speech tended 

to prolong segments more than did children with clefts who had mildly disordered 

speech. Leder, Lerman, and Alfonso (1988) measured segment durations of adults 

with and without palatal clefts. One group of adults with repaired clefts had mild 

hypemasality and a second group with repaired clefts had severe hypemasality. 

Leder et al. found that the three groups did not differ significantly with respect to 

consonant closure durations, certain vowel durations, and total vowel-consonant

vowel-consonant durations. 

Most of these studies found that individuals with repaired clefts speak more 

slowly than do those without clefts. Peterson-Falzone (1988b) speculated that the 

slower speaking rates of individuals with repaired clefts may indicate that they have 

difficulty timing and coordinating velopharyngeal movements with articulatory and 

laryngeal movements. 
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Effects of increasing speaking rate on nasality and velopharyngeal function. 

If speakers with repaired clefts have difficulty timing velopharyngeal movements 

with other speech mechanism movements, requiring them to speak at faster rates 

might increase their difficulty reaching velopharyngeal closure and thus increase 

nasality. In several studies, perceptions of nasality or of disordered speech did not 

increase as speaking rate increased. D'Antonio (1982, cited in Jones & Folkins, 

1985) found that adults with repaired clefts were not perceived to be more 

hypemasal when reading a paragraph at a rapid rate than at their typical rate. Jones 

and Folkins (1985) studied 7- to lO-year-old children with repaired palatal clefts 

who either demonstrated velopharyngeal closure or only a small velopharyngeal gap. 

The children produced three sentences at their conversational rate and at several 

faster rates. Judges' ratings of severity of disordered speech did not increase as rate 

increased. Jones and Folkins (1985) surmised that both their subjects and those of 

D' Antonio were able to adjust their movement strategies so that quality of speech 

was preserved at fast rates, or that their fast rates were not fast enough to reveal 

difficulties in adopting new movement strategies. 

Because these studies showed that increasing the overall speaking rate did not 

affect nasalization, Jones, Folkins, & Morris (1990) wondered whether nasalization 

would increase if speakers decreased production time for individual words. Subjects 

were 6 to 18 years old and had repaired cleft palates. They varied with respect to 

whether their speech was perceived as hypemasal on a single-word articulation test 

and in conversation. For each subject, two nasalized sentences were selected for 
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further study. Subjects then produced the sentences again, under conditions 

requiring them to produce the nasalized words in less time than they had used 

initially. Analysis of listeners' judgments of nasalization of the words produced at 

various rates revealed that decreasing word production time had no consistent effect 

on perceived nasalization. 

Kamell, Linville, & Edwards (1988) used nasendoscopy to observe 

velopharyngeal movements of an adult with perceptually normal speech and a 

repaired cleft. The subject produced strings of /pa/ and /pi/ at normal and fast 

rates. His velar displacements were unaffected by fast rates, and no velopharyngeal 

coupling occurred at either the normal or rapid rates. However, Kamell et al. 

believed that other speakers with marginal velopharyngeal impairment may change 

velar movements or may not maintain velopharyngeal closure when speaking at a 

fast rate or under other conditions. 

At least one paper provides information about velopharyngeal function at 

different speaking rates for speakers who have conditions other than cleft palates. 

Netsell (1969) showed nasal airflow and pressure traces of two children with 

cerebral palsy as they produced strings of /t A / at two different rates. One child 

had no nasal airflow during syllables repeated at the rate of 2 syllables/second and 

the other child had no nasal airflow during repetitions at the rate of 4 

syllables/second. However, both children had nasal airflow when during repetitions 

produced at the rate of 5 syllables/second. Netsell interpreted this as evidence of 

their difficulty maintaining velopharyngeal closure at the faster rate. 
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Effects of reducing rate on velopharyngeal function. As already mentioned, 

researchers have not yet examined whether reducing speaking rate improves the 

velopharyngeal function of speakers with velopharyngeal impairment. However, 

Yorkston and Beukelman's (1981) study of rate reduction and intelligibility of 

speakers with apraxia and dysarthria included one subject who was hypemasal and 

substituted nasal consonants for homorganic oral consonants. Pressure-flow 

measurements of this subject's speech revealed that he did not achieve complete 

velopharyngeal closure during production of Ipl and Ibl during rapid speech. When 

Y orkston and Beukelman instructed him to speak at a slower rate and to articulate 

more carefully, he achieved "adequate velopharyngeal closure." Subsequent 

pressure-flow assessments revealed "occasional instances of velopharyngeal 

incompetency" as the subject began to articulate more precisely. Y orkston and 

Beukelman interpreted this performance as indicating that the subject's 

velopharyngeal impairment was the result of problems of timing and coordination of 

the speech mechanism, rather than weakness. 

Hardy (1983) noted that velopharyngeal function of individuals with cerebral 

palsy may be affected by speaking rate. However, the direction of the effect varies 

with the individual. According to Hardy, velopharyngeal function may be better at 

faster speaking rates or at slower speaking rates. 

A small amount of information is available on nasality and velopharyngeal 

function of normal speakers speaking at slow rates. Colton and Cooker (1968) 

found that nasality ratings were higher when normal speakers read word-by-word 
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than when they read at their normal rate. These investigators suspected that the 

velopharyngeal port might be opened more often during speech produced at a slower 

rate. 

Other researchers have made observations consistent with this interpretation. 

In Bzoch's (1968) study of velopharyngeal function as viewed cinefluorographic ally , 

he reported that normal speakers maintained complete velopharyngeal closure during 

nonnasal speech sounds produced under the conditions of his study. But, he 

commented that, in cinefluorographic films of normal speakers not in his study, he 

occasionally saw velopbaryngeal openings during nonnasal utterances produced at 

slow rates. 

Similarly, Thompson and Hixon (1979) reported that two of six normally 

speaking adults had small nasal airflows when they repeated syllables at rates slower 

than 1.5 syllables per second. Neither of these two subjects had nasal airflow when 

repeating syllables at rates of 3 syllables per second. 

Summary 

Results of few studies are compatible with the clinical practice of instructing 

speakers to increase effort and loudness and reduce speaking rate as methods of 

improving velopharyngeal function. Some studies suggest that altering speech in 

these ways may not improve either velopharyngeal function or speech. However, 

some subjects in these studies may differ in important ways from those individuals 

for whom clinicians are recommending louder and slower speech. Increasing oral 

opening probably has no effect on velopharyngeal movement. 



53 

Shaping Improved Velopharyngeal Function 

Another approach to stimulating improved velopharyngeal function during 

speech is similar to a method used for eliciting improved tongue placement in 

articulation therapy. When treating articulation disorders, clinicians sometimes 

elicit correct or improved sound production of an error sound by means of shaping. 

To shape improved sound production, the clinician first asks the client to produce a 

different response that he or she is capable of producing prior to treatment. Then, 

the clinician instructs the client to change this response gradually, in a series of one 

or more steps, until the final response is a correct or improved production of the 

sound that was previously in error (Nemoy & Davis, 1937; Secord, 1981). Shaping 

has been called the method of successive approximations (Bernthal & Bankson, 

1981; Sutherland, 1989). A variation of this approach uses paired stimuli (Weston 

& Irwin, 1971) to transfer correct production of a sound in one context to another 

context. 

Clinicians and researchers have used shaping in attempts to facilitate 

velopharyngeal closure during speech sounds that were produced without 

velopharyngeal closure prior to therapy. To shape improved closure, the clinician 

or researcher may first ask the speaker to produce speech or nonspeech tasks in 

which velopharyngeal closure is achieved or is closer to being achieved than it was 

during the speech sound initially produced without closure. Then, without pausing, 

or after a very brief pause, the speaker produces the speech sound that had 

relatively poor closure before therapy. The desired outcome is that production of 



the two tasks close together in time will facilitate the speaker's ability to maintain 

appropriate closure, or at least improved closure, during both tasks. That is, 

closure obtained during one task will generalize to the other. 
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Recent attempts to teach improved velopharyngeal function for speech have 

used nonspeech and speech tasks as the basis from which improved velopharyngeal 

closure was shaped. For example, young children with repaired palatal clefts have 

practiced oral blowing in nonspeech activities to learn oral direction of the airstream 

and then clinicians attempt to shape this use of the airstream into speech (e. g. , 

Coston, 1986; Van Demark & Hardin, 1990). Some individuals with 

velopharyngeal impairment during speech can blow or whistle with little or no nasal 

airflow at the outset of treatment and, for these cases, blowing or whistling has 

sometimes been paired with speech tasks produced with nasal airflow (e.g., 

Shprintzen et al., 1975) in attempts to transfer velopharyngeal behaviors used in 

blowing to speech. Clinicians have also attempted to shape improved 

velopharyngeal function from other speech activities. For example, sounds 

produced without nasal emission have been paired with sounds accompanied by 

audible nasal emission (e.g., Albery, 1989; Lotz & Netsell, 1987; Riski, 1984). 

Also, speech sounds have been articulated with the nares alternately occluded and 

unoccluded (e.g., Albery, 1989; Coston, 1986; Lotz & Netsell, 1987; Peterson

Falzone, 1988b; Riski, 1984); presumably, producing sounds with the nares 

occluded allows the speaker to experience the sensation of intraoral air pressure 



build-up and oral air emission which can then be attempted with the nares 

unoccluded. 
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Two of these shaping tasks were selected for study in this dissertation: 

shaping from blowing and from other speech sounds during which the velopharynx 

is either closed or nearer to being closed than during the sounds selected for 

treatment. These techniques were selected because they may be appropriate for 

stimulability testing as defined above. That is, they are said to have the potential to 

elicit relatively immediate reduction in velopharyngeal orifice area in individuals 

who have sufficient muscle tissue and neurological function to support 

velopharyngeal closure. Although various authors claim that these shaping 

procedures are successful, few case studies or data-based research reports exist to 

support their use. The literature relating to these two approaches for shaping 

improved velopharyngeal closure will be reviewed in the next two sections. 

Shaping Improved Velopharyngeal Function from Blowing 

Similarities in velopharyngeal movements for speech and blowing. 

Shprintzen, McCall, and Skolnick (1975) believed that using blowing to improve 

velopharyngeal function for speech was a logical approach because they had 

observed earlier that velopharyngeal closure patterns were similar for blowing and 

speech (Shprintzen, Lencione, McCall, and Skolnick, 1974). As already mentioned 

in this review, these observations differed from those of Moll (1965) who found that 

velopharyngeal movements for speech differed from those for blowing. 
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In Moll's (1965) study, each of 10 normal speaking subjects without palatal 

clefts blew into an oral manometer with his or her maximum pressure and also with 

half that maximum pressure. Both of these pressures were produced with and 

without an air bleed in the manometer. Velopharyngeal movements during these 

blowing activities and during speech were measured on lateral cinefluorographic 

films. Moll found that the velum elevated an average of 2 to 3 mm higher during 

the blowing tasks than during speech. Half of Moll's 10 subjects used greater velar 

elevation and greater anterior movement of the posterior pharyngeal wall during 

blowing. The other half showed little difference in pharyngeal wall activity between 

the two types of tasks. Moll interpreted these findings that velopharyngeal 

movements were different for speech and blowing as indicating that using blowing 

activities to improve velopharyngeal function for speech may not be valid. 

Shprintzen et a1. (1974) failed to replicate Moll's results in their study that 

used procedures somewhat different from those used by Moll. Shprintzen et a1. also 

used a whistling task. They instructed their five adult subjects to "blow as if you 

are blowing on hot soup for a couple of seconds" and to whistle a sustained note. 

Using multiview videofluoroscopy, Shprintzen and his colleagues found that 

velopharyngeal movements for speech, blowing, and whistling were not significantly 

different from each other. Furthermore, their study also showed that 

velopharyngeal movements during dry swallowing and gagging were not 

significantly different from each other. However, movements during gagging and 

swallowing were different from movements during speech, blowing, and whistling. 
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Therefor~, Shprintzen and his co-workers proposed the existence of at least two 

velopharyngeal closure mechanisms: a pneumatic closure mechanism for use with 

tasks involving the airstream and a nonpneumatic closure mechanism involving tasks 

not involving airflow. 

The procedures in Shprintzen et al. 's (1974) study differed from in Moll's 

(1965) study in at least two important ways. Shprintzen and his colleagues used 

multiview videofluoroscopy which provided three-dimensional information about 

closure, while Moll used lateral cinefluorography which provided only midsagittal 

information about velopharyngeal movements. Also, instructions for the blowing 

task were different for the two studies and, given the nature of the instructions, it 

seems likely that Moll's subjects blew harder than did Shprintzen et al. 's subjects. 

Even though the task may have been different, Moll's results indicate that some of 

his subjects may have performed similarly to those of Shprintzen et al. Moll stated 

that, for half of his subjects, posterior pharyngeal wall movement was similar for 

speech and blowing; furthermore, velar movements appear very similar for speech 

and blowing in an illustration Moll presented as representative of these subjects. In 

summary, procedural differences may account for some of the differences between 

speech and blowing movements observed in half of Moll's subjects. 

Shprintzen. McCall. and Skolnick's approach to shaping improved 

velopharyngeal closure from blowing. Based on their finding that velopharyngeal 

movements during speech, blowing, and whistling may be similar, Shprintzen, 

McCall, and Skolnick (1975) developed a treatment to shape improved 
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velopharyngeal function during speech. The treatment was designed for speakers 

who achieved velopharyngeal closure during blowing or whistling, but not during 

speech. In the initial treatment step, velopharyngeal closure during a vowel was 

elicited from velopharyngeal closure achieved during blowing or whistling. The 

clinician instructed the client to blow or whistle and, as the blowing or whistling 

continued, to add simultaneous phonation of a vowel. To determine whether the 

velopharyngeal port was closed during the vowel, the clinician used a device called 

a scape-scope to detect the presence or absence of nasal airflow. In the next 

treatment step, the blowing or whistling was gradually eliminated as the client 

attempted to reach velopharyngeal closure during the prolonged vowel produced by 

itself. During subsequent treatment steps, the client practiced using the improved 

velopharyngeal closure while producing words, short phrases, and sentences 

containing only oral consonants and vowels. The scape-scope was used during these 

treatment steps to inform the client whether nasal airflow was present during speech 

production. In the final treatment step, the client practiced speaking spontaneously 

and the clinician gave him or her feedback about the presence or absence of audible 

nasal air emission or hypemasality. When possible, a home program was developed 

to encourage generalization of improved velopharyngeal closure to other 

communication environments. 

Using these procedures, Shprintzen et al. (1975) treated four individuals who 

initially achieved closure during blowing but not speech. Prior to treatment, the 

subject with the most mildly impaired speech was a 4-year-old with a repaired 
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palatal cleft whose speech was slightly hypernasal with many instances of audible 

nasal emission. The other three subjects were a 6-year-old with a submucous cleft 

and a flap, a 19-year-old with a repaired cleft and a flap, and a lO-year-old with a 

severe hearing loss who developed nasalized speech following an adenoidectomy. 

Two of these subjects were perceived to be severely hypernasal and all three were 

said to have frequent audible nasal emission or nasal snorts. 

Comparison of multiview videofluoroscopic examinations performed before 

and after treatment indicated that all subjects showed greater palatal elevation and 

pharyngeal wall movement after treatment; velopharyngeal closure was consistently 

achieved or achieved more consistently. In addition, comparison of the subjects' 

speech before and after treatment indicated improvement. Following treatment, the 

4-year-old and the 6-year-old had normal speech. Treatment for the 6-year-old 

began one month after he received the flap; Shprintzen and his co-workers 

acknowledged that this child may have acquired normal speech without therapy, 

however, they judged that treatment was appropriate because he had poor velar and 

lateral wall movement prior to the therapy. After treatment, the 19-year-old's 

conversational speech was essentially normal, with resonance that ranged from 

hypo nasal to occasional slight hypernasality. Treatment gains for these three 

subjects were maintained at follow-up rechecks four to six months after treatment 

ended. The lO-year-old's conversational speech was mildly hypernasal with 

occasional nasal snorting, and she was continuing in treatment. Shprintzen and his 

colleagues speculated that these children had experienced velopharyngeal impairment 
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occurred as they learned to generalize their patterns of closure during blowing to 

speech tasks. 
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Other reports of the use of blowing to facilitate velopharyngeal closure during 

speech. Since 1975, several reviewers (e.g., Ruscello, 1989; Starr, 1993; Van 

Demark & Hardin, 1990) have noted that the results of Shprintzen et al. 's study 

were encouraging. There have been no additional data-based studies of this 

treatment approach. However, several authors have anecdotally reported trying the 

procedures suggested by Shprintzen, McCall, and Skolnick, or similar procedures. 

One example of such a report was given by Shelton et al. (1978) in their 

treatment study using oral videoendoscopy to provide visual feedback of 

velopharyngeal movements during various speech tasks. In an attempt to elicit 

improved velopharyngeal function during speech, they instructed a 12-year-old with 

velopharyngeal impairment of unknown etiology to simultaneously blow and 

phonate. Reportedly, the child did come closer to achieving closure during blowing 

than during the production of single-syllable utterances. However, she came closest 

to reaching velopharyngeal closure for speech when she produced syllable strings 

such as [pap I apap I pap]. Therefore, continued treatment of this child's 

velopharyngeal impairment included practice of such syllable strings, rather than use 

of blowing and phonation. 

Variations of the blowing procedure have also been used to elicit increased 

lateral wall movement in speakers who have pharyngeal flaps. Coston (1986) said 
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that he has often used multiview videofluoroscopy to study velopharyngeal 

movements for clinical purposes and indicated that his observations of lateral 

pharyngeal wall movements during blowing and speech generally agree with the 

findings of Shprintzen et al. (1974). Specifically, Coston stated that the pattern of 

lateral wall movements is essentially the same for speech and blowing, however, the 

movements during blowing are "more vigorous" and "a little more well defined" (p. 

77) than movements during speech. Therefore, Coston has used "blowing 

exercises" to stimulate more movement in the lateral pharyngeal walls of individuals 

who do not quite achieve velopharyngeal closure during speech after flap surgery. 

Although he did not describe his approach in detail, Coston said that he used a 

variation of the method used by Shprintzen and his colleagues and that he quickly 

added speech activities to the blowing tasks. 

The use of blowing or other nonspeech tasks was also one component of 

Witzel et al. 's (1989) treatment of velopharyngeal impairment in individuals who 

had pharyngeal flap surgery. Early in the treatment process, Witzel and her 

colleagues asked their three adult subjects to blow, whistle, or swallow in order to 

find a nonspeech task that was performed with velopharyngeal closure. As the 

subjects performed these tasks, they watched their velopharyngeal closure 

movements by means of videonasopharyngoscopy. When the subjects achieved 

velopharyngeal closure on one of these tasks, the clinicians instructed them to notice 

how the lateral wall movement looked and to "identify the sensation of closing the 

ports or of movement in the velopharynx" (p. 130). Next, clinicians told the 
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subjects to attempt to reproduce the lateral wall movement at will while watching 

the image of their velopharyngeal movements on the video monitor. After subjects 

learned to make voluntary movements of the lateral walls, subsequent therapy was 

directed to moving the lateral walls during speech tasks. Witzel and her coauthors 

did not describe exactly how lateral wall movements made during blowing or other 

nonspeech activities were used later in treatment. However, they implied that the 

velopharyngeal movements made during blowing and other nonspeech tasks served 

as models for movements to be made later during the speech tasks. 

The three papers just reviewed did not describe systematic studies of the use 

of blowing to shape improved velopharyngeal closure. Nevertheless, they do show 

how some clinicians and clinical researchers have used blowing at the beginning of 

treatment to attempt to elicit improved velopharyngeal closure movements that may 

later be incorporated into speech. 

Velophax:yngeal closure during blowing as a sign of the potential for 

improved closure during speech. Implicit in the use of blowing to stimulate 

velopharyngeal closure at the start of treatment is the idea that individuals who 

achieve velopharyngeal closure during blowing have a good prognosis for 

developing improved velopharyngeal closure during speech. This idea is supported 

to some extent by treatment studies conducted by a team of Japanese researchers. 

In the abstract of a paper written in Japanese, Nishio, Yamaoka, Matsuya, and 

Miyazaki (1974) summarized the results of their treatment that included giving the 

subjects nasopharyngoscopic feedback of velopharyngeal movements. Some subjects 
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achieved velopharyngeal closure during blowing prior to therapy and those who did 

not reach closure during blowing received visual feedback therapy to develop their 

ability to achieve such closure. Nishio and his colleagues reported that after 

subjects achieved closure during blowing, treatment to develop closure during 

plosive and fricative consonants took less than one month. 

In a later study, Yamaoka, Matsuya, Miyazaki, Nishio, and Ibuki (1983) 

treated 59 patients who had repaired clefts and who were 8 to 45 years of age. 

These subjects attended hour-long sessions provided biweekly for one year. During 

each session, subjects received nasopharyngoscopic feedback of their velopharyngeal 

movements as they repeated the activities for which they had not reached complete 

velopharyngeal closure in the previous session. Some subjects also received 

"ordinary speech therapy" to correct articulation problems. Prior to treatment, 23 

subjects reached velopharyngeal clo~ure during blowing but not during some or all 

of the consonants and vowels tested. Following treatment, 30% of these subjects 

reached closure during all speech tasks. An additional 61 % reached closure during 

a greater proportion of the consonants and vowels tested, but did not reach closure 

during all speech tasks. The way in which blowing was used in the treatment of 

these subjects, if it was used at all, was not described. However, these results 

suggest that closure during blowing prior to therapy may be a good indicator that 

improved closure during speech may be developed in therapy, at least when a 

specific type of visual feedback therapy is provided. 
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Shaping Improved Velopharyngeal Function from Other Obstruents 

Another shaping task studied in this dissertation uses speech sounds during 

which the velopharynx is closed or is nearer to being closed prior to therapy than it 

is for the sounds selected for treatment. In this shaping procedure, the client begins 

by producing a speech sound associated with relatively good velopharyngeal 

function. Then, during the production of this sound, he or she makes tongue 

movements as directed by the clinician, and thus changes this speech sound into the 

sound that has been produced with relatively poor velopharyngeal function prior to 

treatment. The intent is to maintain the velopharyngeal posture reached for the first 

sound throughout the production of the second sound. 

This type of shaping iscommonIy used to evoke velopharyngeal closure 

during production of lsi. The sibilant lsi is the sound most frequently accompanied 

by nasal emission in cases of phoneme-specific nasal emission (Peterson-Falzone & 

Graham, 1990). Also, lsi is the sound most frequently misarticulated by individuals 

with repaired clefts (McWilliams et al., 1990). Some individuals with repaired 

clefts come closer to approximating velopharyngeal closure during plosive 

consonants than during lsi and other fricative and affricate consonants (Van Demark 

& Hardin, 1990). 

For many years, clinicians have shaped improved articulation of lsi from 

plosives or fricatives produced correctly at the beginning of therapy (Nemoy & 

Davis, 1937; Secord, 1981). Many clinicians and clinical researchers have 

suggested using a similar approach to elicit improved velopharyngeal function 
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during lsi (e.g., Albery, 1989; Hall & Tomblin, 1975; Lotz & Netsell, 1986, 1987; 

Netsell & Lotz, 1991; Peterson-Falzone, 1988b; Riski, 1984; Van Demark & 

Hardin, 1990). The most frequently suggested procedures shape lsi from It I , I r I, 

or 191. These sounds from which lsi is shaped have been called facilitative contexts 

(Lotz & Netsell, 1986) or facilitating postures (Riski, 1984). To shape lsi from Itl, 

the speaker repeats the It I sound rapidly four or five times, affricating each It I 

sound. During the final It I in the series, the speaker prolongs the frication to 

produce an lsi or a sound closely approximating lsi. To shape lsi from I r I, the 

speaker prolongs I r I, and while continuing the airflow for the fricative, moves the 

tongue slightly forward to produce an lsi. To shape lsi from 191, the speaker 

prolongs 191 and slowly moves the tongue back and up along the posterior surface 

of the maxillary central incisors, finally producing an lsi. 

Shprintzen (1989) recommended a somewhat different procedure that did not 

evolve from articulation therapy procedures, but from his earlier use of blowing to 

shape improved velopharyngeal function for speech (Shprintzen et al., 1975). Since 

developing the treatment using blowing, Shprintzen (1989) noticed that speakers 

who achieved velopharyngeal closure during blowing also achieved closure during 

prolonged Is:1 and If:1 even though they did not achieve closure during lsi and If I in 

running speech. Therefore, Shprintzen advocated using Is:1 or If:1 as a starting 

point from which to shape use of appropriate velopharyngeal closure during 

production of these and other speech sounds. He claimed that this procedure was as 

effective as employing blowing to shape improved velopharyngeal closure. 
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Reports of shaping improved velopharyngeal closure from closure achieved 

on other obstruents. Although many authors have recommended shaping improved 

velopharyngeal closure from closure achieved on other obstruents, few reports of 

the results of this procedure have been published. This section will review several 

case studies in which one treatment component was use of this shaping technique. 

Hall and Tomblin (1975) treated a first-grade student who consistently 

nasalized lsi and Izl, but who orally produced all other nonnasal sounds including 

I S I, lSI, and It I . They attempted to use these consonants that the boy produced 

correctly as bases from which to elicit nonnasal production of lsi. To attempt to 

elicit oral production of lsi from other fricatives, they instructed the child to 

produce I S I or lSI and then "slide" to the lsi while continuing the oral airstream. 

This procedure failed to stimulate nonnasal production of lsi, and shaping from 131 

and III failed to stimulate nonnasal production of Izl. To evoke oral production of 

lsi from It I , they told the boy to produce a It! and then release the tongue-palate 

contact of the It I into the fricative lsi. This elicited an lsi produced without audible 

nasal emission. In subsequent repetitions of ItSI, the child was told to prolong the 

lsi portion of the If I. Later, he was instructed to produce Its:/, pause, and then 

produce several short lsi sounds, resulting in Its: s s s/. Eventually, the child 

produced lsi orally without first producing It I . After he learned to produce lsi 

orally in isolation and words, his oral production of Izl was easily elicited, and he 

then practiced lsi and Izl in sentences and conversational speech. Other components 

of the treatment program included providing mirror feedback to indicate the 



presence or absence of nasal airflow, correcting dentalized production of lsi, and 

requiring him to evaluate whether or not his lsi and Izl productions were orally 

produced. 
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Hall and Tomblin did not report the number of treatment sessions the boy 

received, but he apparently received school speech therapy for approximately one 

school year. At the end of the year, he produced lsi and Izl correctly during 

therapy sessions. His parents were given a home practice program to administer 

during the summer. Follow-up evaluation during the next school year revealed that 

he articulated lsi and Izl orally both at school and home. 

Witzel, Tobe, and Salyer (1988) described the initial therapy session of a 

child who, like the child seen by Hall and Tomblin, showed inconsistent 

velopharyngeal closure. The child seen by Witzel and her colleagues was a 10-

year-old girl who had a repaired bilateral cleft lip and palate, severe mid-face 

hypoplasia, and an anterior crossbite. The child distorted all "sibilant-fricatives" 

(presumably, lsi, Iz/, I S I, 1;/) by using incorrect tongue placement. In addition, 

audible nasal emission was perceived during her productions of lsi. She had 

previously received four years of unsuccessful speech therapy intended to improve 

production of lsi. Witzel et al. performed a nasopharyngoscopic evaluation of her 

velopharyngeal function and found that she achieved complete velopharyngeal 

closure for all speech sounds except the sibilant-fricatives. 

To elicit velopharyngeal closure during lsi, Witzel et al. told the girl "to use 

the It! phoneme before producing lsi," watch the nasopharyngoscopic image of her 
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velopharyngeal mechanism on the television monitor, and "focus on velopharyngeal 

movement" (p. 138). Using this procedure, the girl reportedly improved 

articulation of lsi and closed the velopharyngeal mechanism during connected 

speech. After one session that included nasopharyngoscopic feedback, the child 

received "traditional speech therapy . . . focused on improving the manner and 

place of production of sibilant-fricative phonemes" (p. 139). The child had 

maxillary advancement surgery within a year after the initial treatment and a second 

nasopharyngoscopic study completed six months after the surgery revealed that she 

continued to achieve appropriate velopharyngeal closure. 

Witzel et al. attributed their success in eliciting velopharyngeal closure during 

lsi and other sibilant-fricatives in spontaneous speech to their use of visual feedback 

of the velopharyngeal mechanism. However, their instruction to produce It I before 

producing lsi may have elicited improved velopharyngeal closure during lsi without 

the use of the visual feedback. Their study was not designed to assess which 

component of the treatment elicited improved velopharyngeal function and their 

description of how It I was used in treatment was ambiguous. They did not state 

whether It I was produced separately from lsi in order to provide a model of the 

velopharyngeal movements to be used during lsi, or whether the tongue-palate 

contact for It! was released to produce an lsi while the child attempted to maintain 

the velopharyngeal closure she saw on the television monitor. 

Witzel, Tobe, and Salyer (1989) also provided a combination of 

nasopharyngoscopic feedback and traditional articulation therapy to three adults who 



69 

had repaired palatal clefts and pharyngeal flaps. At the start of treatment, Witzel 

and her colleagues examined each subject's velopharyngeal function using 

nasopharyngoscopy. As already described above, one purpose of this examination 

was to allow the subjects to observe the velopharyngeal mechanism when it was 

closed during nonspeech tasks such as blowing. Another purpose of the initial 

nasopharyngoscopic examinations was to identify the speech sounds associated with 

the greatest medial movement of the lateral pharyngeal walls. Witzel et al. stated 

that subsequent therapy for these subjects began with the sounds produced with the 

best velopharyngeal closure and proceeded to those sounds with the least closure. 

Each subject apparently received slightly different treatment, depending on 

the nature of his or her speech disability, velopharyngeal impairment, and manner 

of using the visual feedback. One of the three subjects received treatment that 

involved use of velopharyngeal closure present during It I at the start of therapy. 

This subject was a 50-year-old man with a repaired bilateral cleft lip and palate who 

had pharyngeal flap surgery 9 weeks prior to starting therapy. Initially, his right 

port closed for speech but his left port was open for lsI, Iz/, I S I, It S I, and Iksl 

and audible nasal emission was perceived. Witzel and her co-workers gave the man 

tongue placement instructions for these sounds and "encouraged [him] to concentrate 

and think about producing the stop sound Itl" (p. 130) as he watched his 

velopharyngeal mechanism on the television monitor. When given these directions, 

the man reportedly closed the left port completely during all fricatives and 

affricatives. The man attended four 30-minute nasopharyngoscopic feedback 
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sessions at monthly intervals and one traditional speech therapy session each week. 

His therapy progressed from practice of the sounds in isolation and syllables to 

practice of the sounds in words, phrases, sentences, and conversational speech. One 

year after this subject's final treatment session, Witzel and her co-workers perceived 

no hypernasality or audible nasal emission and nasopharyngoscopy revealed 

complete appropriate closure of both velopharyngeal ports. 

Like Witzel et al. 's earlier (1988) findings, these findings are difficult to 

interpret because the client received a combination of articulation therapy and 

nasopharyngoscopic feedback (Starr, 1993). Although the focus of Witzel et al. 's 

(1989) report was the use of nasopharyngoscopic feedback, they acknowledged that 

the improvements in their subjects' velopharyngeal function may not have been a 

direct result of their use of the visual feedback. They viewed the use of visual 

feedback as an "adjunct" to other speech therapy techniques and informally reported 

that subjects appeared to differ in the way in which they used the feedback. Some 

used the visual images to help them reach closure; others used the visual images to 

observe changes in velopharyngeal movements elicited by their use of different 

articulatory movements. Witzel et al. did not identify which of these uses of the 

feedback was made by the 50-year-old subject described above. Therefore, we do 

not know the extent to which improved velopharyngeal closure during this subject's 

fricative and affricate consonants was elicited by velopharyngeal closure during It I 

at the start of treatment or by visual feedback during treatment, or both. 
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Ne!sell and Lotz (1991) reported shaping improved velopharyngeal closure 

during lsi and Izl from other consonants for which velopharyngeal closure was 

achieved prior to therapy. They described their use of this technique with a child 

for whom nasal airflow was 200 cclsec during lsi and Izl and 0 cclsec during other 

nonnasal consonants. They instructed the boy to prolong I J I, If I , or lSI and 

maintain oral airflow as he moved his tongue to the articulatory posture for lsi. 

This technique reportedly elicited oral productions of lsi. However, more 

consistently accurate productions of. lsi were elicited by using It I as a facilitative 

context. After he produced an oral lsi sound by starting with It I , the child practiced 

prolonged Is:/. The next step was to produce prolonged Is:1 followed by a vowel. 

However, when he attempted to produce a vowel after the prolonged Is:/, he often 

began with an orally produced lsi but added nasal airflow just prior to production of 

the vowel. Therefore, Netsell and Lotz instructed him to produce a prolonged Is:/, 

pause briefly, and then produce the vowel. They subsequently required him to 

gradually reduce the duration of the pause until the pause was eliminated. 

Additional treatment included practice of lsi and Izl in words, sentences, and 

conversational speech. After 6 months of treatment, the boy's conversational speech 

was reportedly normal and no nasal airflow was measurable during lsi and Izl. 

Summary 

Although many authors suggest the use of shaping to improve velopharyngeal 

function, very few clinicians or researchers have published data describing the 

successful use of this procedure. In the case studies that are available, use of 
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shaping is usually combined with other treatment components, making it impossible 

to discern the effectiveness of the shaping procedure. Furthermore, the existing 

case studies often give only general descriptions of the shaping procedures, which 

makes them difficult to replicate. 

Other Research and Theory Suggesting that 

Velopharyngeal Function May Be Changed Behaviorally 

Clearly, little research supports the idea that stimulability testing procedures 

elicit improved velopharyngeal function in individuals with velopharyngeal 

impairment. And, as has been stated earlier, the other proposed behavioral 

treatment methods are also poorly supported by research. In addition to the few 

studies that relate to the treatment methods themselves, a small group of studies 

provide data consistent with the idea that at least some individuals with 

velopharyngeal impairment may have the potential to alter their velopharyngeal 

function behaviorally. These findings include observations of intraspeaker 

variability in velopharyngeal behavior and also observations of atypical 

velopharyngeal behavior in speakers with repaired clefts whose speech showed little 

or no nasalization. Furthermore, the idea that velopharyngeal function can be 

altered behaviorally is compatible with current speech motor control theory. These 

findings and theory indicating that velopharyngeal function may have the potential to 

be changed behaviorally will be reviewed in the next two sections. 



Studies of Velopharyngeal Movement Patterns 

Suggesting the Potential for Behavioral Change 

Within Subject Indications of Improvement Potential 

73 

Recent studies by Henningsson and Isberg have shown that some speakers 

with repaired clefts demonstrate large intraspeaker variability in velopharyngeal 

closure movements as viewed with cineradiography. In one study, Henningsson and 

Isberg (1986) found that speakers who used some glottal stops and some oral stops 

failed to close for the glottal stops but achieved closure, or more nearly 

approximated closure, for the oral stops. In another study, they found that speakers 

with fistulas failed to close completely for obstruents produced anterior to the 

fistulas but did achieve velopharyngeal closure for obstruents produced posterior to 

the fistulas (lsberg & Henningsson, 1987). Moreover, temporary closure of the 

fistulas was associated with complete, or nearly complete, velopharyngeal 

movements for obstruents anterior to the fistula (lsberg & Henningsson, 1987). 

These studies show that lack of velopharyngeal closure movements during a glottal 

stop or during an obstruent produced anterior to an open fistula does not necessarily 

indicate that the speaker is incapable of velopharyngeal closure. The better 

velopharyngeal closure observed during oral stops, obstruents posterior to fistulas, 

or obstruents produced with the fistula covered was accomplished primarily by 

increased medial movement of the lateral pharyngeal walls and, to a lesser extent, 

by increased elevation of the velum. 
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H~nningsson and Isberg (1986) pointed out that impaired velopharyngeal 

movement may be misinterpreted as indicative of inability to perform the movement 

if, for example, velopharyngeal function is not evaluated during oral as well as 

glottal stops. Anecdotal reports and research have supported the idea that, for some 

speakers, articulation therapy to eliminate glottal stops leads to improved 

velopharyngeal movements (e.g., Coston, 1986; Golding-Kushner, 1991; Hoch et 

aI., 1986; Ysunza et aI., 1992). 

Kuehn et al. (1993) studied electromyographic activity in the levator palatini 

muscle while continuous positive airway pressure was directed intranasally. They 

wanted to know whether this positive airway pressure was associated with increased 

activity in the levator. Subjects in this study were 4 hypernasal speakers with 

repaired clefts and 5 normal speakers without clefts. Kuehn and his co-workers 

measured EMG activity in the levator palatini when nasal pressure was equal to 

atmospheric pressure and when several levels of positive pressure were introduced 

intranasally. They found that levator activity for both groups of subjects was 

significantly greater while the subjects were receiving the positive intranasal air 

pressure than when no intranasal pressure was used. This finding indicated that the 

levator palatini muscles of even the hypernasal speakers had some reserve potential 

that they did not use under the normal speaking condition. Kuehn et al. interpreted 

this finding as support for the use of continuous positive air pressure as a method of 

resistance exercise of the levator palatini. Perhaps other behavioral treatment 

methods would also facilitate speakers' use of any untapped potential. 
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Indications that Some Speakers May Have Developed Compensatory Movements 

In a study of interspeaker variability in velopharyngeal movement patterns, 

Kamell, Folkins, and Morris (1985) made observations that may be relevant to the 

question of whether some speakers with repaired cleft palates have the potential to 

modify velopharyngeal function. They studied four adults who were judged to have 

"touch closure in the midsagittal plane" during production of lsI in a sentence 

context. Velopharyngeal function during consonant-vowel-vowel (CVC) utterances 

composed of oral consonants was observed on cinefluorographic films. Two 

subjects with high nasalization during the CVC utterances showed a decrease in 

velar height during the vowel, which is the movement pattern typical of nonnal 

speakers. In contrast, two other subjects, one of whom demonstrated relatively low 

nasalization, showed no decrease in velar height during the vowel; that is, they 

maintained a relatively high velar position throughout the syllable. 

One explanation offered by Kamell et al. was that "velopharyngeal 

movements nonnally expected in CVC utterances may be avoided by some speakers 

with cleft palate in order to minimize perceptible nasalization" (p. 63); that is, the 

two subjects who maintained a relatively high velar position may have developed 

compensations for anatomical or physiological limitations imposed by their repaired 

clefts. This study offered no infonnation about how these speakers came to acquire 

the apparently compensatory behavior of keeping the velum elevated during the 

entire syllable. Nevertheless, Kamell et al. speculated that when these variations in 

movement patterns are better understood, "behavioral adjustments in movement 
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timing" could perhaps be helpful to speakers demonstrating marginal velopharyngeal 

competence. 

Dalston, Warren, and Smith (1990) compared the air pressure and nasal 

airflow patterns of two groups of adults as they spoke the word "hamper." One 

group had repaired cleft palates and the other group were normal speakers without 

clefts. None of the subjects in either group had perceivable hypernasality or nasal 

emission. All subjects' velopharyngeal closure met the respiratory requirements for 

speech; that is, their estimated velopharyngeal orifice areas were less than 5 mm2 

(e.g., Warren, 1989). The group of speakers with repaired clefts had larger mean 

velopharyngeal orifice areas than did the group of speakers without clefts, but less 

nasal airflow during "hamper" than did speakers without clefts. Dalston et al. 

further analyzed some of their data to show that the presence of less nasal airflow in 

the group of speakers with repaired clefts was not related to greater nasal pathway 

resistance in this group. Dalston and his co-workers hypothesized that the speakers 

may have used less nasal airflow during Iml in order to produce Ipl without audible 

nasal emission. They further speculated that the speakers reduced nasal airflow by 

using less respiratory effort or by opening the velopharyngeal port less for Iml and 

closing it sooner for Ip/. Thus, these authors, like Karnell and his colleagues, 

suggested that their subjects with palatal clefts may have acquired some type of 

compensatory velopharyngeal behaviors that improved their speech. 
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Summary 

These studies indicate that some speakers with velopharyngeal impairments 

may have potential for better velopharyngeal function that perhaps is not obvious on 

initial evaluation of their speech and velopharyngeal function. If these speakers can 

be helped to learn use of their optimal velopharyngeal behaviors, their speech might 

be improved. 

Additionally, these studies seem to show that some speakers with 

velopharyngeal impairments may produce perceptually good or normal speech by 

using atypical velopharyngeal behaviors. If these behaviors are learned, perhaps 

behavioral treatments can be devised to facilitate acquisition of such behaviors in 

other speakers with speech disability secondary to velopharyngeal impairment. 

Speech Motor Control Theory Suggesting that 

Change of Velopharyngeal Movement Patterns is Possible 

Folkins (1985) described what he called an "integrated motor approach" to 

speech motor control theory and applied it to speakers who have repaired clefts. 

According to this theory, speech motor control strategies are organized to reach 

holistic behavioral goals rather than discrete phonetic units that overlap. That is, 

the speech motor control system is designed to produce speech that is perceptually 

adequate overall. To do this, the system operates according to a set of rules. As 

specified by the rules, different motor units interact so that perceptually adequate 

speech can be achieved in a number of different ways. Motor strategies for any 

given speaking attempt are developed from the set of rules. 
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When the structure or function of the motor system is altered, its set of rules 

must be changed. The ability to change the rules of the motor system over time is 

called plasticity (Folkins, 1985). Folkins conjectured that plasticity may allow 

speakers who have impaired velopharyngeal function to acquire perceptually correct 

speech. Over time these speakers may reorganize the motor system in order to 

accommodate their unique structure and achieve perceptually correct speech. 

Karnell et al. (1985) interpreted the movement patterns of their low

nasalization speakers as evidence of plasticity. They suggested that these good 

speakers with repaired cleft palates may have reorganized their motor rule system 

because of their structural limitations. Alteration of the rule system over time could 

have resulted in the development of atypical, but useful, movement patterns. 

The use of behavioral treatments to facilitate improved velopharyngeal 

function has not evolved from the integrated motor approach to speech motor 

control theory. Nonetheless, use of behavioral treatments assumes that function of 

the speech mechanism has the potential to change over time. This notion is 

compatible with the theory. Specifically, behavioral treatments may trigger changes 

in the rules governing operation of the speech motor control system. The new 

motor command rules may result in new velopharyngeal movement patterns similar 

to those observed in normal speakers or, the new motor commands may result in 

atypical movement patterns that allow for perceptually adequate speech. Either 

way, plasticity enabled these speakers to acquire new velopharyngeal movements 

compatible with perceptually good speech (Ruscello, 1989); they are using their 
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same muscles but are activating them in a different way (Kuehn, Moon, & Folkins, 

1992; Sale, 1988). On the other hand, if the plasticity of the speech mechanism is 

limited by anatomy or physiology or, if a behavioral treatment does not lead to 

appropriate changes in motor command rules, a speaker would not acquire new 

velopharyngeal movements compatible with good speech. 

Need for Research 

Little evidence is available to support the idea that speakers with 

velopharyngeal impairment improve velopharyngeal function under certain speaking 

conditions or that behavioral treatments improve velopharyngeal function for speech. 

Most reports of changes in closure as a result of various stimulability and treatment 

procedures are clinical observations and impressions rather than systematic studies 

of subjects' performance under various conditions. Despite this lack of data, 

behavioral treatments are widely advocated and used. Research is needed to 

describe the results of behavioral procedures used to elicit changes in closure in 

order to assess whether velopharyngeal function is improved (McWilliams et al., 

1990; Morris & Bardach, 1989; Ruscello, 1989; Starr, 1990, 1993; Van Demark & 

Hardin, 1990; Witzel, 1990). 

Need for Studies of Stimulability Testing 

Procedures intended to stimulate improved velopharyngeal function should be 

studied to ascertain whether they do elicit relatively immediate improvements in 

closure as has been claimed. If stimulability procedures are associated with 

improved velopharyngeal function, future studies could explore how to stabilize the 
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best performance of the velopharyngeal mechanism and transfer it into spontaneous 

speech. 

Methods to elicit relatively immediate improvements in velopharyngeal 

function could also be important in the assessment of the velopharyngeal 

mechanism's potential for improved closure after surgery. Subsequent to surgery to 

repair clefts, speech problems may remain either because the surgery did not 

provide a mechanism that could support normal speech or because the speaker has 

not yet learned to use the repaired mechanism (e.g., Bzoch, 1989; Fletcher, 1972a; 

McWilliams, 1990; Peterson-Falzone, 1982a, 1988a; Shprintzen et aI., 1975; 

Westlake & Rutherford, 1966; Van Demark & Hardin, 1990). Assessment of 

spontaneous speech alone, or in combination with instrumental assessment of 

velopharyngeal behavior, may not determine accurately the capability of the repaired 

mechanism (Coston, 1986; R. L. Shelton, personal communication, 1992), 

especially when velopharyngeal function is marginally impaired (Van Demark & 

Hardin, 1990). Procedures for evaluating the potential of the mechanism to support 

normal speech following surgery need to be developed (McComb, 1989; 

McWilliams, 1990). While assessment of speech characteristics and velopharyngeal 

function during spontaneous speech should surely be a part of such evaluations, 

procedures capable of stimulating improved or maximal velopharyngeal function 

may be especially valuable in evaluating the results of surgery (R. L. Shelton, 

personal communication, 1992). 



Who Should Be Studied 

Further investigation of methods of stimulating improved velopharyngeal 

function, as well as other behavioral methods of treating velopharyngeal 
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impairment, should especially study speakers for whom surgery would be considered 

overtreatment and speakers who may not be making appropriate use of their 

mechanism's potential to support speech (e.g., Bradley, 1989; Peterson-Falzone, 

1982a; McWilliams et aI., 1990). These individuals include those who show 

marginal velopharyngeal impairments in the absence of good range of velar 

movement, those who have mild speech problems for which clinicians and parents 

are reluctant to recommend surgery, those with inconsistent hypernasality and nasal 

emission, and those whose nasalized speech was acquired prior to surgery to 

improve the velopharyngeal mechanism and who may not have yet learned to use 

their mechanisms (e.g., Coston, 1986; Hoch et aI., 1986; McWilliams et aI., 1990; 

Ruscello, 1989; Shprintzen et aI., 1975). 

The literature suggests that some, but not all, individuals belonging to these 

categories may profit from behavioral treatments to improve velopharyngeal 

function. Further information is needed regarding characteristics of persons who do 

profit from the treatments, as well as the characteristics of those who do not profit 

(e.g., Miyazaki, 1989; Noll, 1982; Ruscello, 1989; Starr, 1990). With guidelines 

regarding who may profit from the treatments, those who could profit from 

behavioral treatment would avoid the invasiveness of surgery or long-term use of 
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prostheses and those who could not profit would avoid the prolonged frustration of 

unsuccessful speech therapy. 

Experimental Design Considerations 

Subjects 

Several researchers and reviewers of the literature have discussed the problem 

of selecting subjects for studies of craniofacial anomalies, including studies of 

behavioral treatments of velopharyngeal impairment and related speech disabilities. 

Van Demark and Hardin (1990) said that research controlling all subject variables is 

"essentially impossible to conduct" and expressed their belief that this is one reason 

why the speech therapy research is sparse. Bardach and Kelly (1991) expressed 

similar concerns about surgery outcome research. They noted that the heterogeneity 

of the population with craniofacial anomalies hinders researchers' ability to form 

homogeneous groups for study. They further pointed out that even if large numbers 

of potential subjects were available, researchers would have difficulty selecting 

which subject variables should be controlled. For this reason and others, Bardach 

and Kelly recommended that those studying surgery outcomes should be given 

freedom in developing research designs in order to promote exploration of questions 

that remained unanswered. 

Studies describing the behavior of single subjects have been suggested as a 

research option to study speech disability related to velopharyngeal impairment as 

well as behavioral treatments of velopharyngeal impairment. In his discussion of 

the need for research exploring strategies speakers use to compensate for 
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velopharyngeal impainnent, Netsell (1990) said that many variables would likely 

interact to detennine strategies used by individual speakers and, therefore, 

investigation of these strategies would "require intensive single subject studies" (p. 

60). Many variables are also likely to contribute to whether speakers can profit 

from behavioral treatments of velopharyngeal impainnent and, therefore, studies of 

single subjects would likely be appropriate in treatment research as well. Noll 

(1982) called for "individual subject designs" and "single-subject case reports" to 

document the effectiveness of behavioral treatments of velopharyngeal impainnent. 

Starr (1993) said that studies of these treatments would more likely be "reports of 

clinicians .... [using] single-subject research models" than "large laboratory 

studies" (p. 354). 

Treatments 

Speakers' differences with respect to their speech disability and potential for 

improving velopharyngeal function also affect the design of treatments to be tested. 

Starr (1990) and Witzel et aI. (1989) have asserted that treatments need to match 

these individual needs and potentials and to accomplish specific goals. 

Reports of behavioral treatments should included detailed descriptions of the 

treatment procedures (e.g., McWilliams et aI., 1990; Noll, 1982; Ruscello, 1989). 

Complete descriptions would allow replication of studies which is necessary 

especially because of the controversy that has surrounded use of behavioral 

treatments intended to improve velopharyngeal function. 



Starr (1993) pointed out that when investigators provide multiple treatments 

simultaneously, they will not be able to evaluate which treatment component or 

combination of components contributed to any observed change in velopharyngeal 

function. Therefore, treatment components should also be studied individually 

(Witzel et aI., 1989). 
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Subjects' responses to the treatment should be described in detail. The 

dependent variables need to be sensitive to changes in velopharyngeal function 

(Ruscello, 1989). In addition, in order to examine subjects' responses to treatment 

over time, the dependent variables should be measured on a trial-by-trial basis 

(Shelton & Trier, 1976). 

Statement of the Problem 

This study pertains to the ability of children with mild to severe 

velopharyngeal impainnents to alter their velopharyngeal function. The overall 

purpose of the study was to explore whether velopharyngeal orifice areas for 

pressure consonants produced during any of three stimulability tasks were smaller 

than areas for the consonants produced without special instructions. First, the 

perfonnance of each subject on each task was described and classed as meeting 

criteria for strong, moderate, weak, or no evidence of stimulability. Second, for 

each stimulability task, the perfonnance of all subjects was summarized. Third, 

infonnation pertaining to variability of subjects' perfonnance was reported. 

Three kinds of tasks were used to probe each subject's stimulability for 

reduced velopharyngeal orifice area during one or more pressure consonants. One 
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kind of ta.sk involved increasing a consonant's intraoral air pressure and slowing rate 

of syllable production. Another involved moving from oral blowing to production 

of a consonant. The third task involved moving from a pressure consonant 

produced with a relatively smaller velopharyngeal opening to production of another 

pressure consonant that was usually produced with a relatively larger velopharyngeal 

opening. The latter two tasks were similar in that they were intended to yield 

improved closure by shaping from an activity in which closure was more nearly 

achieved. 

If subjects demonstrated nasal airflow during Ipl and lsi, these sounds were 

selected for use in the stimulability tasks. Therefore, the research questions and 

procedures given below refer to stimulability tasks using Ipl and lsi. However, for 

reasons explained later, some subjects' tasks used the sounds If I or I S I instead of 

lsi. Research questions for these subjects were analogous to those given here for 

stimulability testing in the context of Ipl and lsi. 

Purpose I--Describe Stimulability of Individual Subjects 

The fIrst purpose of the study was to observe and describe each subject's 

responses to each of fIve stimulability tasks. Subject performance was described as 

answers to the following questions: 

Question lA: 

(i) Did Ipl in Ipapapapapaf3 produced at a slower rate have a smaller 

3 The phonetic symbol lal is used here to represent vowels that sound like the 
fIrst vowel in the word "father." This symbol is used instead of the symbol 10/ 
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velopharyngeal orifice area than /p/ in /papapapapa/ produced without special 

instructions? 

(ii) Did /p/ in /pa/ produced with greater intraoral air pressure have a smaller 

velopharyngeal orifice area than /p/ in /pa/ produced without special 

instructions? 

(iii) Did /p/ in /papapapapa/ produced with greater intraoral air pressure and at a 

slower rate have a smaller velopharyngeal orifice area than /p/ in 

/papapapapa/ produced without special instructions? If so, was the area 

during /p/ produced with greater intraoral air pressure and at a slower rate 

smaller than velopharyngeal orifice area for /p/ produced only at a slower 

rate? 

Question IB: 

(i) Did /p/ in /upa/ have a smaller velopharyngeal orifice area than /p/ in /pa/ 

produced without special instructions? 

(ii) Did /p/ in /pa/ produced following oral blowing have a smaller velopharyngeal 

orifice area than /p/ in /pa/ produced without special instructions? If so, did 

/p/ produced following oral blowing have a smaller velopharyngeal orifice 

area than /p/ in /upa/? 

(Shriberg & Kent, 1982) because /a/ is easier to type. 
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Question Ie: 

(i) Did lsi in Isasasasasal produced at a slower rate have a smaller velopharyngeal 

orifice area than lsi in Isasasasasal produced without special instructions? 

(ii) Did lsi in Isal produced with greater intraoral air pressure have a smaller 

velopharyngeal orifice area than lsi in Isal produced without special 

instructions? 

(iii) Did lsi in Isasasasasal produced with greater intraoral air pressure and at a 

slower rate have a smaller velopharyngeal orifice area than lsi in Isasasasasal 

produced without special instructions? If so, was the area during lsi 

produced with greater intraoral air pressure and at a slower rate smaller than 

velopharyngeal orifice area for lsi produced only at a slower rate? 

Question ID: 

(i) Did lsi in lusal have a smaller velopharyngeal orifice area than lsi in Isal 

produced without special inStructions? 

(ii) Did lsi in Isal produced following oral blowing have a smaller velopharyngeal 

orifice area than lsi in Isal produced without special instructions? If so, did 

lsi produced following oral blowing have a smaller velopharyngeal orifice 

area than lsi in lusa/? 

Question IE: 

Did lsi produced following I S I, lei, or It I have a smaller velopharyngeal 

orifice area than lsi produced without special instructions? 
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Su~jects 1 and 3 were also asked to perfonn variations of certain stimulability 

tasks. The details of these task variations will be explained when the results are 

reported for these subjects. Although the additional tasks differed for these two 

subjects, the primary purpose for both subjects was to explore whether improved 

velopharyngeal function could be stabilized. 

Purpose 2--Summarize Effectiveness of Each Task 

The second purpose of this study was to summarize perfonnance of all 

subjects for each stimulability task. Data for each task were reported as an answer 

to the following question: 

Question 2: 

How many subjects had smaller velopharyngeal orifice areas for the pressure 

consonant produced under each stimulability task than for the consonant 

produced without special instructions? 

Purpose 3--Report Intrasubject Variability 

The third purpose was to report observation" of intrasubject variability in task 

perfonnance. Several patterns of intrasubject variability in perfonnance were noted 

when subjects produced the pressure consonants without special instructions. These 

patterns pertained to: (a) the intrasubject variability of estimated velopharyngeal 

orifice area within and across the sessions, (b) the intrasubject difference between 

estimated velopharyngeal orifice area for pressure consonants produced in single 

syllables and in syllable strings, and (c) intrasubject comparisons of areas for stop 

consonants produced in all-oral utterances, stop consonants produced adjacent to 



nasal consonants, and fricatives produced in all-oral utterances. Each of these 

patterns will be summarized. 
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Chapter 3. 

METHOD 

Subjects 

Subject Selection Criteria 

Subjects were recruited through the following agencies and individuals in 

Tucson, Arizona: Children's Clinic for Rehabilitative Services, Orofacial Disorders 

Team of the Arizona Health Sciences Center, school districts, speech-language 

clinicians in private practice, and plastic surgeons. Initially, this study was intended 

to be limited to children between 5 and 12 years of age who had repaired cleft 

palates with prosthetic treatment of any remaining fistulas and who had 

velopharyngeal orifice areas less than 20 mm2 during Ipl in Ipal and Ihremper/4. 

However, only two children who met these requirements and the other subject 

criteria listed below could be recruited. Therefore, the study was broadened to 

include children who had submucous clefts, children with no identified craniofacial 

anomaly, and children whose velopharyngeal orifice area was greater than 20 mm2
• 

Six children from these sources met the seven criteria listed below and agreed to 

serve as subjects: 

1. Age was between 5 and 15 years; 

4 To represent the sound of the second vowel in the word "father," lerl is used 
rather than f?JI because the former is easier to type. 
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2. Mean velopharyngeal orifice area, as estimated from air pressure and 

airflow measurements, was less than 20 mm2 for Ipl in Ipal and Ipl in 

Ihremper/; 

3. Mean nasal airflow was at least 20 cc/sec for one or more of the 

following voiceless obstruents produced in consonant-vowel syllables 

ending with the low back vowel la/: Ip/, It I , lsi, If I , I S I, 19/; 

4. Audible nasal emission was reported by the subject's referral source and 

verified informally by the examiner; 

5. A pure-tone hearing screening was passed at 1000, 2000, and 4000 Hz at 

or below 30 dB HL (ANSI, 1969) in the better ear; 

6. No neurological condition or disease had been diagnosed, and; 

7. The subject accurately performed the stimulability tasks in imitation of the 

experimenter. 

Two additional children who agreed to be subjects met criteria 1 and 3 through 7 

but their velopharyngeal orifice areas were greater than 20 mm2
• Details of the 

procedures used to determine whether prospective subjects met criteria 2, 3, 4, and 

7 will be described later in the section entitled "Subject Recruitment Procedures." 

Criterion 2 was based on the work of Warren (e.g., Warren, 1979, 1991) 

who uses estimates of velopharyngeal orifice area during Ipl in Ihremperl to assess 

the extent to which speakers' velopharyngeal function is adequate to meet the 

"respiratory requirements for speech" (DaIs ton & Warren, 1986, p. 113). 

According to Warren (1991), an individual has adequate velopharyngeal function if 
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his velopharyngeal orifice area is 0 to 4.9 mm2
; adequate/borderline function if area 

is 5 to 9.9 mm2
; borderline/inadequate function if it is 10 to 19.9 mm2

; and, 

inadequate function if it is greater than or equal to 20 mm2
• Warren developed 

these categories based on the severity of speech disabilities usually associated with 

velopharyngeal openings of various sizes; within each category, severity varies 

depending on other factors such as nasal airway obstruction. 

Six subjects selected for this study had velopharyngeal function classified as 

adequate, adequate/borderline, or borderline/inadequate in terms of the respiratory 

requirements for speech. According to Warren's experience (e.g., 1979, 1991), not 

all individuals in these categories eventually require surgical or prosthetic 

intervention. Therefore, these individuals seemed to be good candidates for 

experimental behavioral treatments to improve velopharyngeal impairment. The two 

subjects with velopharyngeal orifice areas greater than 20 mm2 would be classified 

by Warren as having inadequate velopharyngeal function to meet the respiratory 

requirements for speech. It was predicted that the stimulability tasks would not 

elicit clinically significant reduction of velopharyngeal orifice area for these 

subjects. 

Subject Recruitment Procedures 

Identifying Prospective Subjects 

Agencies and individuals serving clients likely to meet the subject selection 

criteria were contacted to secure their help in locating subjects. In consultation with 

each agency or clinician willing to assist in subject selection, procedures were 



developed to identify prospective subjects and secure permission for the 

experimenter to contact them. Confidentiality of client records was protected as 

required by the practices of the referring agencies or individuals. 
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In some cases, the experimenter obtained permission to peruse client files to 

identify persons in the Tucson area who appeared to meet the subject selection 

criteria given above. The person overseeing these client files selected files of 

children whom he or she believed might meet the subject selection criteria. The 

experimenter then reviewed the files to select children who would possibly meet the 

selection criteria. Parents of children whose clinic records suggested that they may 

have met the criteria were contacted for permission to screen their children for this 

study. 

In other cases, a summary of the selection criteria was given to the referring 

agency or individual who identified prospective subjects. After identifying 

individuals who possibly met the selection criteria, the referral source either asked 

parents of the potential subjects to contact the experimenter or gave their names and 

identifying information to the experimenter who contacted the parents for permission 

to include their children in the study. 

Verifying that Subjects Met the Subject Selection Criteria 

Each child identified as a potential subject was evaluated to verify that he or 

she met all the selection criteria. First, the experimenter contacted the parents of 

each prospective subject by telephone and briefly explained the study to them. If 

the parents agreed to further examination of their child's potential for participating 
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in the study, a brief telephone questionnaire was administered to the child's parents. 

Questions requested verification that the child met the subject selection criteria for 

age, audible nasal emission diagnosed by the referral source, and absence of 

neurological diagnosis (criteria 1, 4, and 6) and explored whether the child might be 

able to meet the criteria for hearing sensitivity and ability to imitate the stimulability 

tasks (criteria 5 and 7). (Appendix A lists the items included on this questionnaire.) 

If it appeared that the child might have met these criteria and if the parent was 

agreeable to permitting the child to participate in the study, an appointment was 

scheduled to verify that the child met the subject selection criteria. 

This first scheduled meeting, Day 1 of the study, was approximately 1 hour 

and 30 minutes in duration. The experimenter explained the study in detail to the 

parent and the child and informed them that they would be paid $5 for each hour of 

their participation, including the time they traveled to and from the study. Written 

and oral consents were obtained as required by federal law and by the University of 

Arizona Human Subjects Committee. Then, the child was evaluated to determine 

whether he or she met subject selection criteria 2, 3, 5, and 7. 

Estimating velopharyngeal orifice area. To ascertain whether children met 

criterion 2 for velopharyngeal orifice area, estimates of velopharyngeal orifice area 

were made using the method of Warren and DuBois (1964). First, to ascertain 

whether the nasal pathways were sufficiently patent to allow subsequent 

measurement of nasal pressure and nasal airflow, the patency of the nares during 

rest breathing was checked and nasal pathway resistance was estimated. Then, the 
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experimenter asked each child to imitate her productions of Ipal and Ihremper/, but 

gave no special instructions to improve the child's performance on Ip/. To elicit a 

string of each of these utterances, subjects were asked to "say a whole bunch of 

those in a row." Each child produced five strings of Ipal and five strings of 

Ihremper/. Children's productions were considered to be adequate if Ipl was 

produced correctly, except for being accompanied by audible nasal emission, and if 

Iml was perceived to be present in Ihremper/. For each Ipal string, children were 

stopped after they produced at least five consecutive repetitions of the syllable on 

one breath. For each Ihamperl string, children were stopped after they produced at 

least three repetitions of the words. Measurements of intraoral air pressure, nasal 

air pressure, and nasal airflow were made for Ipl produced in these syllable and 

word strings. Procedures for using these values of air pressure and airflow to 

estimate velopharyngeal orifice area during each Ipl will be described later. The 

mean of the velopharyngeal orifice areas during the second, third, and fourth 

productions of Ipl in each of the five strings of Ipal was taken to be the mean 

velopharyngeal orifice area during Ipl in Ipa/. The mean of the velopharyngeal 

orifice areas during the second productions of Ipl in each of the five strings of 

Ihremperl was taken to be the mean velopharyngeal orifice area during Ipl in 

Ihremper/. For the children who participated in the remaining days of the study, 

production of Ipal strings in this manner was the No Special Instructions condition 

for Day 1. 
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Measuring nasal airflow. To ascertain whether children met criterion 3 for 

nasal airflow, measurements of nasal airflow were made during production of the 

following obstruents produced in syllable strings: Ipl, It I , lsi, If I , I S I, and lSI. 

For each of these consonants, the children produced five strings of five consonant

vowel syllables ending in the vowel la/. Elicitation of these strings of syllables was 

accomplished in a manner analogous to that described above for eliciting strings of 

Ipal syllables for the estimation of velopharyngeal orifice area. The mean of the 

nasal airflow values during the second, third, and fourth productions in each string 

of five syllables was considered to be the mean nasal airflow during these 

consonants. 

Screening hearing sensitivity. To determine whether criterion 5 for hearing 

sensitivity was met, each potential subject received a pure-tone screening. Hearing 

was screened bilaterally at 500, 1000, 2000, and 4000 Hz presented at 30 dB HL in 

a sound-isolated room. The original requirement to meet criterion 5 was that the 

child pass this screening in at least one ear. However, two children who otherwise 

qualified for the study failed the screening at 500 Hz. Because it was judged that 

these children were nevertheless responding as though they correctly heard 

instructions given them, they were not disqualified from the study on the basis of 

failing the hearing screening at 500 Hz. 

Checking ability to imitate stimulability tasks. To determine whether 

children were able to imitate the stimulability tasks (criterion 7), they were asked to 

imitate the experimenter's production of each of the stimulability tasks that will be 
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described later in the Method. During this initial assessment of the children's 

ability to perform the tasks, no measurements of air pressure or flow were made. A 

child was judged able to perform a task if he or she imitated it correctly at least 

three times in a series of five consecutive attempts. These correct imitations must 

have been accomplished during five minutes or less of hearing and seeing the 

experimenter's model and receiving instructions and feedback intended to shape 

correct imitation of the tasks. 

Examining palate for presence of palatal fistulas. The structure of a child's 

oral mechanism was examined during Day 1 using the examination form in 

Appendix B primarily for the purpose of determining whether or not palatal fistulas 

were present. None of the potential subjects had a fistula that was covered by an 

appliance. If a small fistula was present and not covered, the fistula was covered 

with denture adhesive and the child's velopharyngeal function during Ipl in Ipal and 

Ihremperl was reevaluated. If a large fistula was present and not covered, the child 

was excluded from the study. 

Summary. Appendix C lists all procedures for Day 1 in the order they were 

presented. To obtain further descriptive information on children selected to 

participate as subjects, procedures in addition to those just described were also 

completed on Day 1. These procedures will be given later in the section 

"Describing Subjects and Preparing Them for Stimulability Testing." 
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Making the Decision to Select Subjects 

As soon as the decision was made to disqualify a child from the study, testing 

was discontinued and the child was not studied further. The experimenter told the 

parent why the child did not qualify as a subject and they were paid for their 

participation. 

Children who met the subject selection criteria were chosen as subjects. 

Parents of subjects were instructed that, while the study was being conducted, they 

should not require their children to practice any of the tasks or utterances they heard 

the child produce during this session or tasks or utterances they hear produced 

during subsequent sessions. 

Characteristics of Subjects Selected 

Table 1 lists the age, sex, and diagnosis of the eight children who completed 

the study. Two additional children who met the subject selection criteria were 

identified but their parents chose to discontinue participation in the study. The 

characteristics of these two children are summarized in Table 2. 

Thirteen children attended one session to determine whether they qualified for 

the study. These children failed to meet one or more of the above subject selection 

criteria. The characteristics of these children are summarized in Table 3. 

In addition to the above 23 children who were examined by the experimenter, 

48 other children were referred for participation in the study. Some of these 

children were referred by their school speech-language clinician, however, most 

were referred by one of two local craniofacial disorders evaluation teams. The 
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teams' sp~ech-language clinician or audiologist identified children whom he or she 

speculated might meet the subject selection criteria. The referring individual had 

personally evaluated some, but not all, of these children. None of these children 

participated in the study for a variety of reasons that are listed in Appendix D. 

Procedures 

This study (a) described each subject's performance on several variables 

related to velopharyngeal function and speech sound production skills, and (b) 

evaluated a set of tasks for their potential to stimulate improved velopharyngeal 

function during pressure consonants. Data describing subjects' performance was 

obtained primarily on Days 1 and 2 of the study. In addition, on Days 1 and 2 

subjects were prepared for the stimulability testing to come. Stimulability testing 

occurred during Days 3 through 6. In addition, at the end of one of these sessions, 

nonverbal intelligence test was screened. 

Day 1 

Describing Subjects and 

Preparing Them for Stimulability Testing 

The session on Day 1 was approximately 1 hour and 30 minutes in duration 

and its primary purpose was to verify that a child met the subject selection criteria. 

In addition, the experimenter also examined a subject's oral mechanism and checked 

accuracy of articulation with nares occluded. 

Examining the oral mechanism. An oral mechanism examination was 

completed on Day 1 to look for fistulas that would have affected the validity of the 
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pressure-flow measurements. In addition, features of the palate other than fistulas 

were observed and the teeth were examined. The oral mechanism examination form 

is in Appendix B. 

Checking accuracy of articulation. Next, subjects' articulation of Ipl, lsI, Itl, 

If I, 191, and I S I was tested in order to select the sounds used for stimulability 

testing and to determine whether a subject had the prerequisites for certain of the 

stimulability tasks. With nares occluded, subjects produced each consonant in the 

initial position of five words. The words used are listed in Appendix E. The 

experimenter judged whether correct place, manner, and voicing of a consonant 

occurred in at least four of the five words, which was taken as evidence that the 

sound was produced accurately. Minor, nonphonemic deviations in production was 

allowed for the purpose of this study; for example, dental placement of lsI was 

acceptable. 

Day 2 

The session on Day 2 also lasted approximately 1 hour and 30 minutes. 

Appendix F lists Day 2's procedures in the order in which they were presented. 

On Day 2, subjects were familiarized with the pressure tube needed to 

measure intraoral air pressure during obstruents other than bilabials; practice with 

this tube prepared subjects for its use during Days 3 through 6. Next, subjects 

produced strings of various syllables, prolonged some speech sounds, and blew 

orally. During these activities, several aeromechanical variables were measured to 

assess whether subjects had the prerequisites for the stimulability tasks to be 



administered on Days 3 through 6. At the end of Day 2, subjects practiced 

imitating the stimulability tasks to be used on Days 3 through 6. 
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Familiarizing subjects with the intraoral pressure tube for obstruents other 

than bilabials. Estimation of velopharyngeal orifice area, the primary dependent 

variable in this study, requires measurement of intraoral air pressure. Measurement 

of intraoral air pressure during obstruents articulated posterior to the lips requires 

placement of a pressure sensing tube posterior to the point of oral constriction. This 

tube often feels slightly uncomfortable initially and often needs to be adjusted so 

that it fits snugly without falling out and so that its opening is properly positioned in 

the oral cavity. 

The tube was placed around the maxillary arch, in the buccogingival sulcus 

and curved around the last maxillary molar, so that its opening in the posterior 

portion of the oral cavity was perpendicular to the direction of oral airflow (Baken, 

1987; Claypoole, Warren, & Bradley, 1974; Hardy, 1965). The tube was visually 

inspected and its position was changed as appropriate. Subjects were asked to 

repeat several consonant-vowel syllables to ascertain if the tube was sensing 

variations in intraoral air pressure and to familiarize the subject with speaking while 

the tube was in place. 

For three of the subjects the curved tube could not be adjusted to stay in 

place without falling during speech. The most posterior maxillary tooth was so 

small that the tube would not stay hooked around it as the subjects talked. For 

these subjects, one of two alternative procedures was used. For two subjects, If I 
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was used, for stimulability testing and intraoral air pressure during If I was measured 

in the same manner described above for Ipl (Andreassen, Smith, & Guyette, 1992); 

the ability to measure intraoral air pressure during If I made it possible to estimate 

velopharyngeal orifice area during this fricative produced under the various 

stimulability task conditions, The other subject who could not use the curved tube 

demonstrated velopharyngeal orifice openings during lsi but showed very little 

opening during Ipl or If I; therefore, stimulability tasks were given for lsi and 

measurements of nasal airflow only were used to index velopharyngeal function 

during lsi. 

Estimating velopharyngeal orifice area. After the intraoral pressure sensing 

tube was adjusted to fit properly, estimates of velopharyngeal orifice area were 

made during productions of Ipl, lsi, It I , If I , 191, and I S I, during prolonged Is:1 

and prolonged If:/, and during oral blowing. 

Velopharyngeal orifice areas were estimated during Ipl in Ipal and Ihremper/, 

during lsi in Isal and lrenser/, and during Itl, If I , 19/, and I S I in consonant-vowel 

syllables ending in la/. The procedures used to elicit five strings of each of these 

utterances were analogous to those described above for eliciting strings of Ipal and 

Ihremperl during Day 1. No instructions that might improve obstruent production 

were given. Computation of mean velopharyngeal orifice areas for each obstruent 

produced in syllable strings was analogous to that used for Ipl in Ipal and Ihremperl 

on Day 1. For the children who participated in the entire study, production of Ipal 
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and Isal strings in this manner on Day 2 was the No Special Instructions condition 

for Day 2. 

Estimates of velopharyngeal orifice area were also made during Is:/, If: I , and 

oral blowing that were prolonged for about 2.0 seconds. A metronome was set to 

beat every two seconds. Subjects prolonged Is:/, If:/, and oral blowing five times 

each, using the metronome as a guide to the required 2.0-second duration of each 

prolongation. For every repetition of blowing and prolongation of Is:1 and If:/, 

velopharyngeal orifice area was determined. For subjects whose orifice area was 

less or equal to 1 mm2 during these prolongations, the mean length of time for 

which such closure was achieved was used as the index of velopharyngeal 

performance for these prolongations. For other subjects, the range of 

velopharyngeal orifice size during the middle 1.5 seconds of each prolongation was 

taken as the index of velopharyngeal performance for these tasks. For subjects who 

could not use the curved maxillary tube, the range of nasal airflow during the 

middle 1.5 seconds of each prolongation indexed velopharyngeal performance for 

these tasks. These estimates were used to describe further subjects' performance at 

the outset of the study. 

Computing the rate of syllable production. Two stimulability tasks required 

subjects to reduce their rate of syllable production. As will be described below, the 

rate of syllable production used for these stimulability tasks was two-thirds the rate 

of syllable production on Day 2. Therefore, rates of syllable production were 

computed for both Ipal and Isal strings produced under the No Special Instructions 
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condition on Day 2. To estimate the rate of syllable production for a five-syllable 

string, first, the experimenter identified the peak intraoral air pressure for the first 

and the fifth obstruent in the string as displayed on a computer's video monitor (this 

display will be described in detail later). Next, the time of the first peak was 

subtracted from the time of the fifth peak, to obtain the time (in seconds) needed to 

produce four syllables. Ratios were then used to calculate how many syllables 

would be produced in 60 seconds, if a speaker continued at the same rate: 

4 syllables 
time needed to produce the 4 syllables 

(in seconds) 

X syllables 
60 seconds 

The number of syllables produced in 60 seconds, X, is equal to the rate of syllable 

production expressed in syllables per minute. 

The mean rate of the five Ipal syllable strings produced without special 

instructions was taken as the rate of production of Ipal on Day 2. The rate of 

production of Isal syllables was determined in the same manner. 

Practicing stimulability tasks. After pressure-flow measurements were made, 

subjects practiced the stimulability tasks by imitating the experimenter's production 

of each task. The purpose of this practice was to familiarize subjects with tasks so 

that they would be able to perform them with little or no difficulty during Days 3 

through 6. The experimenter modeled each task and asked a subject to imitate her. 

(A detailed description of the tasks will be given later in the section entitled 

"Stimulability Testing. ") Correct imitation of the tasks was facilitated by giving 

subjects verbal directions for performing tasks and feedback after tasks were 
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attempted. Measurements of air pressure and airflow were not recorded during this 

practice period; however, intraoral air pressure values were monitored for some 

tasks to insure that they were being performed accurately (see descriptions of Tasks 

A and C in the "Stimulability Testing" section that follows). Subjects practiced the 

tasks for 15 to 20 minutes. 

Asking the parent for additional descriptive information. During Day 2, 

parents completed a brief questionnaire that asked about the history of (a) the child's 

communication disorder, (b) any previous speech therapy for the sounds being 

studied, (c) any craniofacial malformations and their treatment, and (d) hearing 

impairment. The questionnaire is given in Appendix G. 

Screening Intelligence on Day 4 or 6 

The primary purpose of Days 3 through 6 was to assess velopharyngeal 

function under each of the stimulability tasks. In addition, at the end of the second 

session during which stimulability tasks for Ipl were presented, the Test of 

Nonverbal Intelligence (TONI), Form A, (Brown, Sherbenou, & Dollar, 1982) was 

administered. This test was administered using the procedures outlined in the test 

manual. The time for administration of this test varied from 15 to 20 minutes. 

Stimulability Testing 

The sessions on Days 3 through 6 were 1 hour to 1 hour and 30 minutes in 

duration. Approximately 40 to 45 minutes of each of these sessions were devoted to 

the current study and the remaining time was used to gather data for a second, 

companion study not reported here. An attempt was made to complete all of these 



sessions over a period of no longer than three weeks. The mean duration of the 

study was 20 days; five subjects completed the study in three weeks or less, and 

three subjects took longer than three weeks (Le., 23, 27, and 28 days). 
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During Days 3 through 6 of the study subjects participated in three kinds of 

tasks intended to probe stimulability for improved velopharyngeal function during 

obstruent production. One kind of task involved increasing a consonant's intraoral 

air pressure and slowing rate of syllable production. This task was performed for 

both Ipl and lsI. The second kind of task involved moving from oral blowing to 

production of a consonant. This task was also performed for Ipl and lsI. The third 

kind of task involved moving from a pressure consonant produced with a relatively 

smaller velopharyngeal opening to production of another pressure consonant that 

was usually produced with a relatively larger velopharyngeal opening. This task 

was performed only for lsi. Therefore, a total of two tasks were designed to probe 

stimulability for improved closure during Ipl and three were for lsi, and subjects 

participated in as many as five tasks. 

As reported in the literature review, clinicians and clinical researchers have 

claimed that tasks similar to these elicit improved velopharyngeal function. To test 

their claims, estimates of velopharyngeal orifice areas were derived from 

measurements of intraoral air pressure, nasal air pressure, and nasal airflow made 

on Days 3 through 6. These area estimates for obstruents produced under the 

various stimulability task conditions were compared to estimated velopharyngeal 



orifice areas for obstruents produced when the children were given no special 

instructions for obstruent production. 
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If subjects demonstrated nasal airflow during both Ipl and lsi and were able 

to use the curved pressure tube for detecting intraoral air pressure during lsi, they 

were given stimulability tasks for both sounds. Four of the eight subjects performed 

stimulability tasks intended to elicit improved velopharyngeal closure during Ipl and 

lsi. Two subjects were tested for stimulability for improved velopharyngeal closure 

during Ipl and If I , one completed stimulability tasks for I S I and lsi, and one for lsi 

only. Stimulability tasks for If I and I S I were adaptations of those described below 

for lsi. 

Appendix H lists procedures completed on Days 3 through 6. Procedures 

described here will be those used for subjects who completed stimulability testing 

for Ipl and lsi. Analogous procedures were used for subjects whose stimulability 

tasks employed different sounds. 

At the start of each stimulability testing session, nasal patency was checked 

and nasal pathway resistance was assessed during nasal breathing. Nasal pathway 

resistance was rechecked prior to the start of each stimulability task. This was done 

to verify that nasal pathway obstruction was not high enough to invalidate 

procedures for estimating velopharyngeal orifice area. 

Stimulability tasks for Ipl and lsi were completed on separate days. Two 

days were devoted to tasks for /pl and two days were devoted to tasks for lsi. The 

same tasks were repeated on each of two days to determine whether or not 
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performance associated with the tasks was consistent. Half of these subjects 

completed the tasks for Ipl during Days 3 and 4 and the tasks for lsi during Days 5 

and 6. The remaining half of the subjects performed the tasks in the opposite order. 

For each of the consonants Ipl and lsi, the order of stimulability tasks was 

counterbalanced across subjects but was the same both times tasks were presented to 

the same subject. 

The following sections describe the No Special Instructions condition and the 

stimulability tasks. Then, the details of the instrumentation used in this study are 

reported in the section titled, "Instrumentation for Making Air Pressure and Flow 

Measurements. " 

No Special Instructions Condition 

Subjects produced Ipl and lsi without special instructions on Days 2 through 

6. The No Special Instructions condition was always at the beginning of a session 

so that performance under this condition would better represent a subject's typical 

performance of the sounds. Pilot work had shown that a subject's typical 

production of consonant-vowel syllables was affected by certain of the preceding 

stimulability conditions. Placing the No Special Instructions condition at the start of 

sessions was used to prevent such carry-over effects. 

Thus, both Ipl and lsi were produced without special instructions during each 

stimulability session to assess whether estimated velopharyngeal orifice area for 

either sound changed or remained relatively stable throughout the study. 



Fluctuations in estimated velopharyngeal orifice area seen across sessions could 

complicate interpretations of the effects of the stimulability conditions. 
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For the No Special Instructions condition on Days 3 through 6, subjects 

produced Ipl and lsI in both single syllables (/pal and Isa/) and in strings of five 

syllables (lpapapapapal and Isasasasasa/). Instructions for the No Special 

Instructions condition on Days 3 through 6 were analogous to instructions for this 

condition on Days 1 and 2. (See Appendix I for instructions to the subjects.) 

Single-syllable utterances were elicited by asking subjects to imitate the 

experimenter's productions of the syllables; subjects produced each syllable, singly, 

five times. Syllable strings were elicited by instructing subjects to "say a whole 

bunch" of the syllables; subjects produced each syllable string five times. 

During productions of syllables singly and in syllable strings, intraoral air 

pressure, nasal air pressure, and nasal airflow were recorded. Later, these data 

were used to estimate velopharyngeal orifice area for obstruents in each single 

syllable and in each syllable of every string. Then, for each of the obstruents Ipl 

and/sl, two means and standard deviations were computed: (1) mean and standard 

deviation of velopharyngeal orifice area during the obstruent produced in single 

syllables and (2) mean and standard deviation of velopharyngeal orifice area during 

the obstruent produced in syllable strings. Mean area during an obstruent in single 

syllables was the mean of the five areas estimated for single-syllable productions of 

that obstruent. Mean area during an obstruent in syllable strings was the mean of 

areas for the second, third, and fourth obstruents of all five syllable strings; that is, 
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the mean area during each obstruent produced in syllable strings was the mean of 15 

estimates of velopharyngeal orifice area (3 estimates per string x 5 syllable strings). 

These mean estimated velopharyngeal orifice areas for the No Special 

Instructions condition were used as indices to subjects' typical velopharyneal 

function. To assess whether improvements in velopharyngeal function were elicited 

by the stimulability tasks, mean areas under the No Special Instructions condition 

were compared to mean velopharyngeal orifice areas under the stimulability task 

conditions. As will be explained in the descriptions of the stimulability tasks, some 

steps of the stimulability tasks involved productions of obstruents in single syllables 

and some steps involved productions of obstruents in syllable strings. To assess the 

effect of the stimulability task steps involving productions of a sound in single 

syllables, velopharyngeal orifice areas for the sound in these tasks were compared to 

mean areas for the sound produced in single syllables under the No Special 

Instructions condition. To assess the effect of the stimulability task steps involving 

production of a sound in syllable strings, velopharyngeal orifice areas for the sounds 

in these tasks were compared to mean areas for the sound produced in syllable 

strings under the No Special Instructions condition. 

Stimulability Tasks 

After subjects produced the syllables with no special instructions, they 

imitated each of the stimulability tasks designed for the consonant--/p/, lsi, or other 

consonant--selected for stimulability testing on that day. Procedures followed for all 



of the stimulability tasks will be explained next. Then, procedures specific to 

individual stimulability tasks will be described in detail. 
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For each of the tasks, the experimenter introduced the task by giving 

instructions and by modeling the task. (Specific instructions to the subjects are 

given in Appendix I.) The subject then imitated the experimenter's production of 

the task. The experimenter listened to each subject's productions of all of the tasks. 

If Ipl or lsI was not audible or if task instructions were not followed on any trial of 

a task, the subject was told to repeat that trial. If necessary, the experimenter 

provided additional instruction, models, and encouragement until the subjects 

produced the tasks five times. Subjects performed each task five times while 

intraoral air pressure, nasal air pressure, and nasal airflow were measured. 

Later, the measures of pressure and flow were used to estimate 

velopharyngeal orifice areas. Estimated velopharyngeal orifice area was the 

dependent variable of primary interest in this study. The velopharyngeal orifice 

areas computed for consonants produced under the various stimulability task 

conditions were compared to velopharyngeal orifice areas during the consonants 

produced with no special instructions. In one subject, nasal airflow was the 

dependent variable of primary interest. 

Procedures for each stimulability task will now be given in detail. Each task 

is described with respect to the following: (a) the prerequisite behaviors the subject 

needed to perform in order to do the task, and (b) the procedures that were followed 
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during the task. Stimulability for reduced velopharyngeal orifice area was assessed 

using all of the tasks for which a subject had the prerequisites. 

Tasks designed to stimulate smaller velopharyngeal orifice area during Ip/. 

Task A: Production of Ipl in syllables with greater intraoral air pressure and 

at a slower rate than used for syllable repetitions spoken during Day 2. 

(a) Prerequisite: Bilabial articulation of Ip/. 

(b) Proceduress: 

Step 1. Production of strings of Ipal at a reduced rate: A 

metronome was set to beat at a rate corresponding as closely as possible to 

two-thirds of the rate the subject used when producing the Ipal repetitions 

under the No Special Instructions condition on Day 2. The experimenter 

instructed the subject to produce five repetitions of Ipal at this rate, but gave 

no instructions for changing intraoral pressure during the Ip/. The subject 

was told to use only one breath for the string of five repetitions. The subject 

5 This operationalization of the speaking with greater effort and intensity is 
supported by previous research. Baken (1987) noted that several investigators have 
reported that speech intensity is positively correlated with intraoral air pressure and 
also that speech effort is positively correlated with intraoral air pressure. For 
example, Hixon, Minifie, & Tait (1967) determined that vocal intensity level is 
approximately proportional to the 1.3 power of intraoral air pressure for lsi and I J I 
and Hixon (1966) found higher that higher levels of effort were associated with higher 
intraoral air pressures for lsi and I J I. Furthermore, sound intensity increases as 
effort level increases (e.g, Leeper & Noll, 1972). Finally, Baken indicated that a 
speaker's effort level may playa role in a listener's perception of loudness (e.g., 
Brandt, Ruder, & Shipp, 1969; Lehiste & Peterson, 1959). 

Pilot work also indicated that greater intraoral air pressure and a slower rate were 
used when obstruent-vowel strings were produced with "more effort" than when they 
were produced without special instructions. 
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pr~duced five strings of five repetitions of /pa/ in this manner. For each 

string of five repetitions, velopharyngeal orifice area was estimated for all 

five instances of /p/. The mean of the areas for /pa/ produced in the second, 

third, and fourth positions of all five strings was computed. 

Step 2. Production of single /pa/ syllables with increased intraoral 

air pressure: The experimenter instructed the subject to produce /pa/ one 

time while holding the /p/ a moment longer than usual prior to release and 

increasing the loudness of the stop burst for the /p/. To be acceptable as a 

response, the intraoral air pressure was at least 0.5 cm H20 greater than the 

intraoral air pressure during any single /pa/ syllables produced with no 

special instructions on Day 2 of the study. The subject produced five single 

/pa/ syllables in this manner. For each of these five single syllables, 

velopharyngeal orifice area during the /p/ was estimated. The mean of these 

five areas estimates was computed. 

Steps 1 and 2 were included to ascertain whether either reduced rate 

or increased intraoral air pressure alone was associated with reduced 

velopharyngeal orifice area. In addition, prior performance of Steps 1 and 2 

helped subjects learn correct performance of Step 3. Step 3 was of primary 

interest because it was most similar to use of greater effort in running speech. 

Step 3. Production of strings of /pa/ syllables at a reduced rate and 

with greater intraoral air pressure: A metronome was again set to beat at a 

rate corresponding as closely as possible to two-thirds of the rate the subject 
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used when producing the syllable repetitions under the No Special 

Instructions condition on Day 2. The experimenter instructed the subject to 

produce five repetitions of /pal at this rate while holding the /pl a moment 

longer than usual prior to release and increasing the loudness of the stop 

burst for the Ip/. As in Step 1, the subject was also told to use only one 

breath for each string of five repetitions. To be acceptable as responses, the 

second, third, and fourth /pl sounds in a string were produced with intraoral 

air pressure at least 0.5 cm H20 greater than the intraoral air pressure during 

the second, third, and fourth /p/ sounds in any of the strings of Ip/ produced 

without special instructions on Day 2. Some subjects were unable to produce 

five repetitions on one breath even after much practice so, five repetitions 

were treated as one string when the criteria for intraoral air pressure and rate 

were met even though more than one breath was used during the string. For 

each string of five repetitions, velopharyngeal orifice area was estimated for 

all five instances of /p/. The mean of the areas for /pa/ produced in the 

second, third, and fourth positions of all five strings was computed. 

Task B: Production of /pl by shaping from blowing. 

(a) Prerequisites: (1) Bilabial articulation of Ip/; (2) Velopharyngeal orifice area 

during blowing that was smaller than its mean value for Ipl during Day 2. 

(b) Procedures: 

Step 1. The subject repeated the syllable /upa/ five times while 

measurements of pressure and flow were made. Velopharyngeal orifice area 
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during Ipl was estimated for each of the five productions of this utterance, 

and the mean of these five areas was computed. Later this mean was 

compared to estimated velopharyngeal orifice area during Ipl in the blowing 

task in Step 2 below. 

Step 1 was not part of the Task B's shaping procedure. Rather, Step 

1 was employed to provide information that might facilitate interpretation of 

any reductions in velopharyngeal orifice area observed under Step 2 of Task 

B. During pilot work, gentle blowing was perceived to be similar to 

whispered production of the vowel lui, which is a high back vowel. Previous 

research (Moll, 1962) has shown that in normal adults the velum is higher for 

high back vowels than for low back vowels. Therefore, Step 1 was included 

to explore whether velopharyngeal orifice area during Ipal preceded by 

blowing was similar to velopharyngeal orifice area during Ipal in the context 

of lui. 

Step 2. The subject prolonged oral blowing for about 2.0 seconds 

and ended with a production of Ipa/. The subject repeated this task five 

times. Velopharyngeal orifice area was estimated during each of the five 

instances of Ipl produced in this manner, and the mean of these five areas 

was computed. 
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Ta.sks designed to stimulate smaller velopharyngeal orifice area during lsi. 

Task C: Production of lsi in syllables with greater intraoral air pressure and 

at a slower rate than used for syllable repetitions spoken during Day 2. (This task 

is the same as Task A except that lsi is used in place of Ip/.) 

(a) Prerequisite: Lingual-palatal placement of lsi. 

(b) Procedures: 

Step 1. Production of strings of Isal at a reduced rate: A metronome 

was set to beat at a rate corresponding as closely as possible to two-thirds of 

the rate the subject used when producing the Isal repetitions on Day 2. The 

experimenter instructed the subject to produce five repetitions of Isal at this 

rate, but gave no instructions for changing intraoral pressure during the lsi. 

The subject was told to use only one breath for the string of five repetitions. 

The subject produced five strings of five repetitions of Isal in this manner. 

For each string of five repetitions, velopharyngeal orifice area was estimated 

for all five instances of lsi. The mean of the areas for Isal produced in the 

second, third, and fourth positions of all five strings was computed. 

Step 2. Production of single Is:al syllables with increased intraoral 

air pressure: The experimenter instructed the subject to produce Is:al one 

time while increasing the loudness of the frication for the Is:1 and holding the 

lsi a moment longer than usual prior to moving to the la/. To be acceptable 

as a response, the intraoral air pressure was at least 0.5 cm H20 greater than 

the intraoral air pressure during any single Isal syllable produced with no 



special instructions produced on Day 2 in the study. The subject produced 

five single Is:al syllables in this manner. For each of these five single 

syllables, velopharyngeal orifice area during the lsi was estimated. The 

mean of these five area estimates was computed. 
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Step 3. Production of strings of Is:al syllables at a reduced rate and 

with greater intraoral air pressure: A metronome was again set to beat at a 

rate corresponding as closely as possible to two-thirds of the rate the subject 

used when producing the syllable repetitions under the No Special 

Instructions condition on Day 2. The experimenter instructed the subject to 

produce five repetitions of Is:al at this rate while increasing the loudness of 

the frication for the Is:1 and holding the lsi a moment longer than usual prior 

to moving to the la/. As in Step 1, the subject was also told to use only one 

breath for each string of five repetitions. To be acceptable as responses, the 

second, third, and fourth lsi sounds in a string were at least 0.5 em H20 

greater than the intraoral air pressure during the second, third, and fourth lsi 

sounds in any of the strings of lsi produced without special instructions on 

Day 2. Some subjects were unable to produce five repetitions on one breath 

even after much practice so five repetitions were treated as one string when 

the criteria for intraoral air pressure and rate were met even though more 

than one breath was used during the string. For each string of five 

repetitions, velopharyngeal orifice area was estimated for all five instances of 
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lsI. The mean of the areas for Isal produced in the second, third, and fourth 

positions of all five strings was computed. 

Task D: Production of lsI by shaping from blowing. (This task is the same 

as Task B except that lsI is used in place of Ip/.) 

(a) Prerequisites: (1) Lingual-palatal placement of lsI; (2) Velopharyngeal orifice 

area during blowing that was smaller than its mean value for lsI during Day 

2. 

(b) Procedures: 

Step 1. The subject repeated the syllable lusal five times while 

measurements of pressure and flow were made. Velopharyngeal orifice area 

during lsI was estimated for each of the five productions of this utterance, 

and the mean of these five areas was computed. Later this mean was 

compared to estimated velopharyngeal orifice area during lsI in the blowing 

task in Step 2 below. 

Step 2. The subject prolonged oral blowing for about 2.0 seconds 

and ended with a production of Isa/. The subject repeated this task five 

times. Velopharyngeal orifice area was estimated during each of the five 

instances of lsI produced in this manner, and the mean of these five areas 

was computed. 
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Task E: Production of lsi by shaping from other obstruents. 

(a) Prerequisites: (1) Production of 191, I S I, or It I with a velopharyngeal orifice 

area estimate that was less than mean velopharyngeal orifice area during lsi 

on Day 2; (2) Lingual-palatal placement of lsi. 

(b) Procedures: At least one of two techniques was used to shape lsi from other 

obstruents already produced with smaller velopharyngeal orifice than was 

present during lsi. If a subject met the prerequisites for use of more than 

one of the two techniques, both techniques were presented in the order in 

which they are described below. 

Technique 1: Moving from an orally produced fricative to an lsi 

while maintaining low nasal airflow. The subject prolonged 191 (or I S I) for 

approximately 1.0 second and, while continuing to prolong the sound, 

gradually moved the tongue slightly back (or forward) to place of articulation 

for lsi and then said Isa/. This resulted in the utterance 19:sal (or I S :sa/) 

(Secord, 1981). The subject repeated this utterance five times. 

Velopharyngeal orifice area was estimated during each of the five instances of 

lsi produced in this manner, and the mean of these five area estimates was 

computed. 

Technique 2: Moving from an orally produced It! to an lsi while 

maintaining low nasal airflow. The subject quickly produced five to six 

repetitions of the syllable ltal with an affricated It I followed by the vowel lal, 

prolonging the fricative portion of the last It! produced, as follows: 



ItSatSatSatSats:al (Secord, 1981). The subject repeated this utterance five 

times. Velopharyngeal orifice area was estimated during each of the five 

instances of lsI produced in this manner, and the mean of these five area 

estimates was computed. 

Paying the Subjects 

After all procedures were completed on Day 6, subjects were paid. They 

were paid for the time spent completing the study and the time spent traveling to 

and from the study. 

Instrumentation for Making Air Pressure 

and Flow Measurements 
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Variables of interest in this study included oral air pressure, nasal air 

pressure, nasal airflow, nasal pathway resistance, and velopharyngeal orifice area. 

Estimates of nasal pathway resistance and velopharyngeal orifice area were derived 

from measurements of nasal airflow and oral and nasal air pressures. 

This section details how nasal pathway resistance and velopharyngeal orifice 

area were estimated in this study. The first subsection gives the equation used to 

derive estimates of nasal pathway resistance and explains how the pressure and flow 

variables in the equation were detected and transduced. The second subsection 

gives the equation used to derive estimates of velopharyngeal orifice area and 

explains how the pressure and flow variables in this equation were detected and 

transduced. The third subsection describes procedures for measuring nasal airflow 

when it is the only variable to be measured. The fourth subsection reports the 
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procedures for computer digitization, storage, and display of the air pressure and 

airflow signals. Finally, the last subsection explains data reduction, that is, how the 

data were taken from the computer and recorded for later analysis. 

Nasal Patency and Nasal Pathway Resistance 

Nasal patency and nasal pathway resistance were assessed during each 

stimulability session. This was done to explore whether resistance was not so high 

that the subsequent procedures for estimating velopharyngeal orifice area became 

invalid. As will be described below, estimation of velopharyngeal orifice area 

required measurement of nasal air pressure from one naris and measurement of 

nasal airflow from the opposite naris. To obtain valid estimates of velopharyngeal 

area, both nasal cavities needed to be patent. Although the literature suggests that 

nasal patency and nasal pathway resistance should be assessed to insure valid 

estimation of velopharyngeal orifice area (Kamell & Seaver, 1990; Smith, Maddox, 

& Kostinski, 1985), guidelines for making these assessments have not been 

established. 

In this section, I will first explain why increased nasal obstruction was likely 

to be characteristic of the subjects, at least during certain periods of the study. 

Then, I will report the procedures used to describe and monitor nasal patency and 

nasal pathway resistance. 

The nasal turbinates alternately congest and decongest the nasal pathway. 

Van Cauwenberge and Deleye (1984) reported that, for children aged 3 to 6 years, 

both nostrils congest and decongest in unison and this breathing cycle averages 
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about one hour. Because both sides simultaneously congest during part of the cycle, 

nasal obstruction may be relatively high at certain times of the day. This pattern of 

congestion and decongestion seen in children is different from that of adults. 

According to several studies cited by RisId (1988), in adults nasal turbinates on one 

side congest while turbinates on the other side decongest. Therefore, the total 

resistance of both passages remains relatively constant throughout the cycle. The 

adult cycle averages three hours in duration, with duration cycle varying from one 

to several hours. To date, no studies have examined the pattern of congestion and 

decongestion in children the ages of most of the subjects in the present study. 

Furthermore, P. Cole (personal communication, 1993) and M. J. Schumacher 

(personal communication, 1993) questioned the accuracy of Van Cauwenberge and 

Deleye's findings and expressed their belief that children's nasal turbinates 

alternately congest and decongest in a pattern similar to that observed in adults. 

Nevertheless, based on the information available, it seemed likely that nasal 

pathway congestion would change, in some pattern, over time for the subjects in 

this study. 

Individuals with repaired cleft palates tend to have higher nasal resistance 

than do speakers without clefts (Warren, Duany, & Fischer, 1969). Therefore, to 

insure that the subjects with repaired clefts did not have a blocked nasal cavity, 

assessment of nasal pathway obstruction was especially important for these subjects. 

Nasal patency was checked at the beginning of each stimulability session. 

First, the subject was asked to blow his or her nose to clear the nasal passages of 
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excess secretions (Riski, 1988; Van Cauwenberge & Deleye, 1984). Then, nasal 

airflow was measured as the subject rest breathed through each naris while the 

opposite naris was pressed closed with one of the experimenter's fingers. If nasal 

airflow was measurable during two or three cycles of exhalation, the nasal cavity on 

that side was assumed to be patent. As will be mentioned later, all measures of 

nasal airflow used in the estimation of velopharyngeal orifice area were made from 

the more patent naris, that is, the naris from which the greatest nasal airflow was 

measured during exhalation while rest breathing. All subjects demonstrated patency 

of both nasal passages at the outset of each of the study sessions. 

Nasal patency was monitored as each stimulability session progressed. If the 

nasal air pressure and nasal airflow traces had similar shapes, it was presumed that 

both nasal cavities were patent. Because nasal pressure was measured from the least 

patent naris, the nasal pressure signal was the one that was most likely to be 

affected by a nasal passage becoming blocked during a study session. During some 

stimulability sessions for two subjects, the nasal air pressure signal dropped in 

amplitude and started to have a different shape than the nasal airflow signal. Test 

of the pressure transducer by recording a brief segment of oral pressures during Ipl 

repetitions confirmed that the problem was a blocked nasal passage, rather than a 

malfunctioning transducer. We asked the subject to blow his or her nose to attempt 

to clear the blocked nasal passage. If the passage remained blocked, an alternate 

procedure for estimating velopharyngeal orifice area was used. This procedure will 

be described below. 
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Measurements of oral and nasal air pressure and nasal airflow needed to 

estimate nasal pathway resistance were made immediately prior to each stimulability 

task. It was not possible to estimate nasal pathway resistance efficiently as a session 

was being conducted and, furthennore, specific guidelines for the interpretation of 

high nasal resistances are not available. However, after the data were gathered, the 

estimates of nasal pathway resistance were computed and examined to explore 

whether nasal obstruction might have been high enough to invalidate estimates of 

velopharyngeal orifice area. The results of a model study by Smith et aI. (1985) 

were used to evaluate whether high nasal pathway resistance was invalidating 

estimates of velopharyngeal orifice area. According to Smith et aI., when total 

nasal pathway resistance ranged from low to as high as 20 cm H20/LPS, 

velopharyngeal orifice areas up to 28 mm2 can be estimated with errors varying 

from less than 1 mm2 to 2.5 mm2• When total nasal pathway resistance was about 

6.75 cm H20/LPS, areas up to 38 mm2 were estimated with approximately the same 

accuracy. 

-
To estimate nasal pathway resistance, the equation of Warren and his 

colleagues (Warren, 1989; Warren et aI., 1969) was used. According to this 

equation, 

where AP is intraoral air pressure minus air pressure inside a mask covering the 

nose expressed in cm H20, \TN is nasal airflow expressed in liters/second, and RNP is 

nasal pathway resistance expressed in derived units called cm H20/LPS. Use of this 
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equation gives an estimate of velopharyngeal orifice resistance plus nasal cavity 

resistance. However, if RNP is computed during tasks in which the velopharyngeal 

port is open and if the adenoids are not blocking the velopharyngeal port, it is 

assumed that velopharyngeal orifice resistance is negligible (Warren et al., 1969). 

On the other hand, if an individual has a pharyngeal flap or obturator that reduces 

the size of the velopharyngeal port, the derived value of ~p also reflects resistance 

at the velopharyngeal port during rest breathing. Therefore, for those subjects who 

had a pharyngeal flap or an obturator, resistance estimated with this equation might 

have represented resistance of the velopharyngeal orifice as well as the nasal 

pathway. 

Resistance was computed from pressure and flow measurements made while 

the subjects gently exhaled during each of three breath cycles (Warren, 1989; 

Warren & DuBois, 1964). During each of these three nasal exhalations, 

measurements were made of intraoral air pressure, pressure inside a nasal mask, 

and nasal airflow. For each exhalation, resistance was computed using values of 

differential air pressure (foP) obtained when nasal airflow was 250 cc/sec. The 

mean of the three resistance values was taken as the estimate of nasal pathway 

resistance. 

Nasal airflow, intraoral air pressure, and air pressure inside the nasal mask 

were detected and transduced using the equipment shown in Figure 1. This 

instrumentation will now be described. 
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Nasal airflow. Nasal airflow was directed into a mask covering the nose 

(Respironics Vinyl Mask with Swivel, with swivel removed). Air flowed through 

the nasal mask and into a pneumotachometer (double-coned, 2-square-inch, 

Silverman type) via a series of plastic plumbing connectors (Spears CPVC fittings 

nos. 435-007 and 439-101) and O-rings via that created an airtight seal between the 

central front opening of the nasal mask and the end of the pneumotachometer (T. 

W. Guyette, personal communication, 1990). The pneumotachometer was 

connected to a differential pressure transducer (Validyne Variable Reluctance 

Pressure Transducer, model no. MP-45-28-871, range ± 3 cm H20). The 

differential pressure transducer was connected to a carrier demodulator (Validyne 

Sine Wave Carrier Demodulator, model no. CDI5-871). The pressure drop across 

the fine wire screen in the pneumotachometer was linearly proportional to the 

volume rate of airflow through the pneumotachometer. This pressure drop was 

sensed by the differential pressure transducer. This was accomplished by combined 

action of the carrier demodulator and the differential pressure transducer. The 

carrier demodulator provided the transducer with a 5 kHz carrier sine wave that was 

modified as the transducer's diaphragm was displaced in response to variations in 

the pressure drop across the pneumotachometer's screen. The modulated carrier 

signal was transmitted from the transducer back to the carrier demodulator. The 

carrier demodulator extracted the electrical analog of flow from the carrier signal 

and then amplified the extracted flow analog. This amplified flow analog, the 

output of the carrier demodulator, had a low signal-to-noise ratio. To improve its 
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signal-to~noise ratio, the output of the carrier demodulator was passed through a 

differential amplifier (Data, Inc., Model 2124) with a high frequency roll-off of 50 

Hz and a gain of 5. 

The output of the differential amplifier was digitized by a computer, saved in 

computer files, and displayed on a computer monitor screen. Computer processing 

of the airflow analog, as well as the air pressure analogs, will be described in detail 

later. 

This system for measuring airflow was calibrated by using a gast pump and a 

rotameter (Fischer and Porter Flowmeter, series #10A1027A). The rotameter was 

connected in series with the pneumotachometer and the differential pressure 

transducer to which the pneumotachometer was attached. The gast pump and 

rotameter delivered various known values of airflow through the pneumotachometer. 

The airflow signal was displayed on the computer's video monitor screen. By using 

the computer's data acquisition software (SuperScope, developed by G. W. 

Instruments), the experimenter detennined the voltages associated with airflows of 0 

and 300 cc/sec. These two known voltage values were used by the computer to 

linearly transfonn other voltage inputs into their corresponding values of cc/sec 

airflow. The gast pump and rotameter delivered airflows of 100 and 200 cc/sec 

through the pneumotachometer and the experimenter checked the computer's 

monitor screen to observe whether the computer was correctly displaying these 

values of flow. If the computer accurately displayed airflow values of 0, 100, 200, 

and 300 cc/sec, the two voltages corresponding to airflows 0 and 300 cc/sec were 



recorded in a handwritten log; these values were used later to configure the 

computer to receive data accurately from stored files. 
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Intraoral air pressure. To assess nasal airway resistance, AP was determined 

by subtracting nasal air pressure inside a nasal mask from intraoral air pressure 

(Warren, 1989; Warren et al., 1969). To detect intraoral air pressure, a 

polyethylene tube (inner diameter = 1.67 mm; outer diameter = 2.42 mm) was 

placed above the tongue approximately 1 cm behind the central incisors, with the 

opening of the tube perpendicular to the direction of oral airflow. This tube led to a 

differential pressure transducer (Validyne Variable Reluctance Pressure Transducer, 

model no. MP-45-28-871, range ± 50 cm H20). The differential pressure 

transducer was connected to a carrier demodulator (Validyne Sine Wave Carrier 

Demodulator, model no. CD15-871). As described above for detection and 

recording of the nasal airflow signal, the carrier demodulator and the differential 

pressure transducer were used together to generate an electrical signal reflecting the 

pressure variations that displaced the transducer's diaphragm. The output signal of 

the transducer was then demodulated and amplified by the carrier demodulator. The 

resulting signal, an analog of intraoral air pressure, was digitized by a computer, 

saved in computer files, and displayed on a computer monitor screen. Computer 

processing procedures will be described later. 

This system for measuring intraoral air pressure was calibrated using a U

tube water manometer and a syringe. The manometer was placed in parallel with 

the differential pressure transducer. The syringe delivered various amounts of 
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pressure simultaneously to the manometer and to the transducer. The values of 

pressures delivered to the transducer were determined by reading pressure values on 

the manometer. The air pressure signal was displayed on the computer's video 

monitor screen. By using the computer's data acquisition software, the 

experimenter determined the voltages associated with pressures of 0 and 12 cm 

H20. These two known voltage values were used by the computer to linearly 

transform other voltage inputs into their corresponding values of cm H20 pressure. 

To check whether this transformation was working properly, the syringe was used to 

deliver pressures of 0, 2, 4, 6, 8, 10, and 12 cm H20, and the experimenter 

checked the computer monitor to observe whether the computer was correctly 

displaying these values. If the monitor's display was accurate, the voltages 

corresponding to pressures of 0 and 12 cm H20 were recorded in a handwritten log; 

these values were used later to configure the computer to receive data accurately 

from stored files. 

Air pressure inside the nasal mask. To detect the air pressure inside the 

nasal mask, a polyethylene tube (inner diameter = 1.67 mm; outer diameter = 2.42 

mm) was attached firmly over a cylinder-shaped plastic port on the side of the nasal 

mask, creating an airtight seal. This tube was led to a differential pressure 

transducer (Hewlett-Packard 270). The output of the transducer was sent to a 

carrier amplifier (Hewlett-Packard 350 1100C). The amplified electrical analog of 

nasal air pressure was digitized, displayed on the computer monitor, and saved in 

computer files. Further details of this computer processing will be described later. 
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This syst~m for measuring nasal air pressure was calibrated as described above for 

the system measuring intraoral air pressure. 

Velophaangeal Orifice Area 

As has already been stated, estimated velopharyngeal orifice area was the 

dependent variable of primary interest in this study. Velopharyngeal orifice areas 

during Ipl and lsi in the No Special Instructions condition were compared to 

velopharyngeal orifice areas during Ipl and lsi produced during the various 

stimulability task conditions. The equation developed by Warren and DuBois (1964) 

was used to estimate velopharyngeal orifice area during Ipl and lsi produced in this 

study. This equation is: 

where Avp = area of the velopharyngeal orifice at the point of its narrowest 

constriction in mm2
, \TN = volume rate of airflow through the velopharyngeal orifice 

in cclsec, k = 0.0065, AP = the pressure drop across the velopharyngeal orifice in 

dynes/cm2, and d = the density of air = 0.001 gmlcc (Campbell, Linville, & 

Yates, 1991; Kuehn & Dalston, 1988, p. 53; Warren & DuBois, 1964; Warren, 

1989, p. 234). This equation can be simplified to: 
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where AP is expressed in cm H20 (1 cm H20 = 980.6 dynes/cm2) (Dalston, 1982). 

In both of these equations, the quantity AP, the pressure drop across the 

velopharyngeal orifice, is determined by the following equation: 

where Po is the intraoral air pressure below the velum and PN is the nasal air 

pressure above the velum. The estimate of velopharyngeal orifice area for a given 

obstruent was computed for the moment when intraoral air pressure, Po, reached its 

peak. That is, the peak value of Po and simultaneously occurring values of nasal air 

pressure (PN) and nasal airflow (\TN) were entered into the simplified area equation 

given above. 

For two of the subjects, one nasal cavity was completely blocked during 

some of the study's sessions. To estimate velopharyngeal orifice area during these 

sessions, the following equation, suggested by Warren (1989, p. 244), was used: 

The area estimates computed using both Po and PN were called Area 1 and the area 

estimates computed using only Po were called Area 2. 
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Nasal airflow, intraoral air pressure, and nasal air pressure were detected and 

transduced using the equipment shown in Figure 2. This instrumentation will now 

be described. These airflow and air pressure measuring systems were calibrated in 

the same manner as described above for the instrumentation used to estimate nasal 

pathway resistance. 

Nasal airflow. Nasal airflow was measured from the more patent side of the 

nasal cavities. As described above, to assess nasal patency, nasal airflow was 

measured as a subject rest breathed through each naris while the opposite naris was 

closed with one of the experimenter's fingers. For each subject, the side with the 

greatest nasal airflow during exhalation was the side from which nasal airflow was 

measured for the purpose of estimating velopharyngeal orifice area. 

To detect nasal airflow for the purpose of estimating velopharyngeal orifice 

area, nasal airflow was directed through a nasal olive (circular orifice area = 28.26 

mm2
). Airflow from the nasal olive was directed through a double-coned, 2-square

inch, Silverman pneumotachometer that was connected to a differential pressure 

transducer (Validyne Variable Reluctance Pressure Transducer, model no. MP-45-

28-871, range ± 3 cm H20). The output of the differential pressure transducer was 

treated and displayed as described above in the section describing instrumentation 

for measuring nasal airflow for the purpose of estimating nasal pathway resistance. 

Intraoral air pressure. To determine aP in the equation for estimated 

velopharyngeal orifice area, intraoral air pressure and nasal air pressure were 

measured. Intraoral air pressure was detected by use of a polyethylene tube (inner 
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diameter = 1.67; outer diameter = 2.42 mm). One end of the tube was placed 

inside the subject's oral cavity, with the exact location of the tube determined by 

whether air pressure was being measured during Ipl or during other obstruents. For 

measurement of intraoral air pressure during Ip/, the tube was placed above the 

tongue approximately 1 cm behind the central incisors, with the opening of the tube 

perpendicular to the direction of oral airflow. For measurement of intraoral air 

pressure during any sound other than Ipl or If I , the tube was placed around the 

maxillary arch, in the buccogingival sulcus and curved around the last maxillary 

molar, so that its opening entered the posterior portion of the oral cavity 

perpendicular to the direction of oral airflow (Baken, 1987; Claypoole et aI., 1974; 

Hardy, 1965). 

The other end of the tube was connected to a differential pressure transducer 

(Validyne Variable Reluctance Pressure Transducer, model no. MP-45-28-871, 

range ± 50 cm H20) that sensed the fluctuations in intraoral air pressure. The 

output of this pressure transducer was processed as described above in the section 

on measuring intraoral air pressure to derive nasal pathway resistance. 

Nasal air pressure. Nasal air pressure was measured in the nasal cavity that 

was not being used for the detection of nasal airflow. To detect nasal air pressure, 

a polyethylene tube (inner diameter = 1.67; outer diameter = 2.42 mm) was placed 

approximately 0.75 cm into the naris. The tube was inserted through the long axis 

of a wooden cork, which created an airtight seal at the nasal opening. The end of 

the tube was sealed shut with dental wax, but pressure changes in the nasal cavity 
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were detected through small openings in the side of the tube. (These openings had 

been created by pushing a hot paper clip wire through the sides of the tube (D. W. 

Warren, personal communication, 1991).) 

The polyethylene tube was connected to a differential pressure transducer 

(Hewlett-Packard 270). The output of the transducer was sent to a carrier amplifier 

(Hewlett-Packard 350 1100C). The amplified electrical analog of nasal air pressure 

was digitized, displayed on the computer monitor, and saved in computer files. 

Further details of this computer processing will be described later. 

Nasal Airflow 

During Day 1, nasal airflow was measured as potential subjects produced a 

variety of obstruent consonants. Also, during the stimulability sessions for one 

subject, nasal airflow was the dependent variable used as an index to velopharyngeal 

function during lsI. In these instances, nasal airflow was directed through a nasal 

mask (Respironics Vinyl Mask with Swivel, with swivel removed). Other details of 

the instrumentation for making these measurements of nasal airflow were the same 

as the instrumentation described above for measuring nasal airflow for the purposes 

of estimating nasal pathway resistance and velopharyngeal orifice area. 

Computer Processing of Pressure and Flow Analogs 

The electrical analogs of intraoral air pressure, nasal air pressure, and nasal 

airflow were sent separately to an analog breakout box (Model # ABO, GW 

Instruments). The analog breakout box then transmitted the three signals together 

via a 34-pin wire ribbon cable to an analog-to-digital converter. 
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Analog-to-digital conversion was accomplished by using the MacADIOS II 

data-acquisition plug-in board (GW Instruments) in combination with SuperScope 

software (Version 1.0, 1990, and Version 1.6, 1992; GW Instruments). The 

MacADIOS II board was inserted into an expansion slot on the system bus of a 

Macintosh IIcx computer, and the SuperScope software was installed on the hard 

disk of the Macintosh IIcx. This combination of hardware and software was 

designed by GW Instruments to provide high-speed, high-resolution data acquisition 

that can be controlled without the need to program each hardware action. 

To prepare the computer for data acquisition, the MacADIOS II board must 

be adjusted so that it can receive the type of input signals that will be sent to it and 

SuperScope's various menus must be used to control details of the digitizing 

process. For this study, the MacADIOS II board was configured to receive three 

analog differential input channels (range = ± 10 V in each channel) and digitize 

each input's amplitude with 12-bit accuracy (4096 discrete values). In addition, 

SuperScope was configured to digitize each of the three signals at the rate of 1000 

samples per second. Barlow (personal communication, 1991) said that a sampling 

rate of 1000 was needed if timing of events would be examined across channels. 

SuperScope was also used to control the manner in which data traces were 

displayed on the computer's monitor. To do this, the experimenter selected various 

options that instructed SuperS cope to display the data so that the variations in 

pressure and flow were clearly visible on the monitor. The Chart Mode of data 

acquisition was chosen to digitize and plot the data. In this mode, the computer 
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simultaneously digitized the analog signals and plotted the resulting data points on 

the monitor screen (AppleColor High-Resolution RGB Monitor). Each of three 

channels of data was displayed in one of three display panels shown on the monitor 

screen. The monitor displayed 15 seconds of consecutive data points. The 

horizontal axis of each display panel was time (1 second per 112 inch) and the 

vertical axis was either cc/sec or cm H20. 

The initiation and termination of data collection and the saving of data 

collected were controlled by SuperScope. To start digitizing and plotting data, the 

experimenter clicked the mouse on the icon of SuperScope's Start button on the 

monitor screen. This initiated one I5-second segment of data collection during 

which the three channels were digitized simultaneously. Immediately after the 15-

second segment ended, data in each of the three channels were automatically saved 

in each of three separate binary files. As the files were saved, they were 

automatically labeled with the source of the signal (Po, PN, or \TN) and the date and 

time the trace was collected. The files were either saved to the computer's hard 

disk or to a 44-MB external hard drive (SyQuest Removable Hard Drive). 

While the computer was saving the files, the experimenter recorded the 

utterances or respiratory activities produced during the I5-second segment in a 

handwritten log. Additional notes regarding events that occurred during the 15-

second segment were also recorded in the log. After the computer indicated that the 

I5-second segment of data had been saved, the Start button was clicked again to 
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gather an additional 15 seconds of data. This process was repeated until the session 

was completed. 

Later, for each session that had data saved to the computer's hard disk, two 

copies of each of the session's data files were made on floppy disks--one copy was 

used to extract quantitative data and the other copy was a backup. For each session 

that had data saved to the external hard drive, one copy was made on a floppy--the 

copy was used to extract quantitative data and the external hard disk was used as a 

backup. 

Data Reduction 

Data reduction occurred in two steps. In the fIrst step, portions of the data 

traces to be analyzed were identifIed. In the second step, values of air pressure, 

airflow, and velopharyngeal area or nasal pathway resistance were taken from the 

traces. 

To identify the portions of the data traces that would be analyzed, each of the 

IS-second segments of data was transferred from the saved data files to the display 

panels on the monitor. Calibration voltage values were recorded into the 

computer's software so that the data from the stored files would be correctly 

translated into units of pressure and flow. For each IS-second segment, the two air 

pressure traces and one airflow trace were sequentially transferred from their stored 

files to their corresponding display panel on the monitor. The three traces were 

automatically positioned so that data points occurring at the same moment in time 

were correctly aligned with respect to each other and to the horizontal axis. Using 



the handwritten log, the utterances or respiratory activities associated with the 

displayed pressure and flow traces were identified. The experimenter placed a 

movable cursor on each pressure-flow event to be analyzed and wrote on a data 

sheet the approximate time the event occurred. 
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To compute velopharyngeal orifice area and nasal pathway resistance, the 

experimenter wrote equations that instructed SuperScope how to compute these 

variables as functions of displayed values of air pressure and airflow. By selecting 

appropriate options on SuperScope, the experimenter instructed the computer to 

make the required computations and to display values of area or resistance for each 

set of three data traces. 

To determine the numerical values of pressure, flow, area, and resistance to 

be recorded, first, the time scale of the computer's display panels was changed to 20 

msec per II2-inch division. This allowed all of the sampled data points to be 

identifiable as the experimenter moved the cursor along the horizontal axis. Next, 

the experimenter found the approximate location of each pressure-flow peak of 

interest by moving to the approximate times recorded earlier on the data sheet. 

With all data points available for viewing, the location in time of each event of 

interest could be determined more precisely. The methods for locating the time at 

which nasal pathway resistance was measured differed from the method for locating 

the time at which velopharyngeal orifice area was measured. 

To obtain estimates of nasal pathway resistance from selected data traces, the 

experimenter moved the cursor as closely as possible to the point where nasal 
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airflow was 250 cc/sec as the nasal airflow was increasing during nasal exhalation. 

The values of pressure, flow, and estimated nasal pathway resistance were displayed 

simultaneously in a cursor window on the monitor screen. These values were 

handwritten on a data sheet. 

To obtain estimates of velopharyngeal orifice area from selected data traces, 

the experimenter moved the cursor to the peak intraoral air pressure associated with 

the obstruent of interest. The location of the intraoral pressure peak was selected by 

visually judging the location of the peak value. The values of peak intraoral air 

pressure and the associated values of nasal air pressure, nasal airflow, and estimated 

velopharyngeal orifice area were displayed simultaneously in a cursor window on 

the monitor screen. These values were handwritten on a data sheet. 

Qualifications of Assistants 

During each data collection session, one assistant helped the experimenter 

instruct the subjects, place the pressure and flow sensing devices, monitor the 

subjects' performance, and record the speech samples. Six individuals were trained 

to be assistants. Four were students in the Department of Speech and Hearing 

Sciences; one was a student in elementary education; and one was a student in 

physics. All students had previous experience working with children. Prior to 

assisting with the subjects in this study, all assistants received instruction in the 

rationale and procedures of the study and in the use of instruments for making 

aeromechanical measurements. In addition, each assistant practiced the procedures 

she was required to perform in the study while two other persons pretended to be 
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subjects. During each actual data collection session, the experimenter monitored the 

work of the assistant and made all final decisions regarding the acceptability of 

subjects' responses. 

Data Analysis 

For seven subjects, means and standard deviations of estimated 

velopharyngeal orifice areas were computed for the No Special Instructions 

condition and the stimulability task conditions on each day of the study. For one 

subject, means and standard deviations of nasal airflows were computed. For 

simplicity, the remainder of the data analysis section will describe the procedures 

for analyzing differences between estimated velopharyngeal orifice areas. 

Analogous procedures were used to compare nasal airflows for the one subject for 

whom nasal airflow was the dependent variable. 

To answer research questions IA through IE, velopharyngeal orifice area 

means and their corresponding raw data distributions were analyzed descriptively. 

Questions IA through IE corresponded to Tasks A through E, respectively. To 

answer each research question, the area mean and raw data distribution of areas 

under the appropriate stimulability task were compared to the area mean and raw 

data distribution of areas under the No Special Instructions condition. This was 

done for each stimulability testing day. For each subquestion of questions 1A 

through IE, the data for the stimulability task step were compared to the data for 



the No S~ecial Instructions condition to determine whether the subject's 

performance under the stimulability task step met the criteria6 described next: 

(a) Mean velopharyngeal orifice area for the consonant produced under the 
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stimulability task step was smaller than mean velopharyngeal orifice area for 

the sound produced under the No Special Instructions condition. 

To ascertain whether this stimulability criterion was met for a task 

step involving productions of a sound in single syllables, mean 

velopharyngeal orifice area for the sound in the task was compared to mean 

area for the sound produced in single syllables under the No Special 

Instructions condition. For a stimulability task step involving production of a 

sound in syllable strings, mean velopharyngeal orifice area for the sound in 

the task was compared to mean area for the sound produced in syllable 

strings under the No Special Instructions condition. 

If an algebraic comparison indicated that the mean under a 

stimulability task step was equal to or larger than the mean under the No 

Special Instructions condition, the stimulability task step failed to yield 

reduced velopharyngeal orifice area and the subject's performance under this 

stimulability task step was not analyzed further. If the mean under a 

stimulability task step was smaller than the mean under the No Special 

6 Data analysis based on criteria (a), (b), (d), and (e) was similar to procedures 
recommended by Gast and Tawney (1984) for the visual analysis of graphic data 
obtained in single-subject studies. 
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Instructions condition, the data were examined to determine if the following 

criterion was met. 

(b) Data distributions of areas for the stimulability task step and the No Special 

Instructions condition on the same test day overlapped little or not at all. 

If the stimulability task step involved single-syllable productions, the 

data distribution for single syllables produced under the No Special 

Instructions was used as the basis of comparison. If the stimulability task 

step involved productions of syllable strings, the data distribution for syllable 

strings produced under the No Special Instructions was used as the basis for 

comparison. The raw data distribution of areas for the stimulability task step 

was compared to the appropriate raw data distribution of areas for the No 

Special Instructions condition. 

If more than one area value in the data distribution for the 

stimulability task step fell within the range of area values in the No Special 

Instructions data distribution, then the stimulability task step was presumed to 

have failed to be associated with evidence for stimulability and the subject's 

performance under this stimulability task step was not analyzed further. If 

one or none of the area values under the stimulability task step fell within the 

range of area values in the No Special Instructions data distribution, then area 

under the stimulability task step was considered to provide weak evidence for 

stimulability under that task step. 
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If stimulability criteria (a) and (b) were met, the subject's perfonnance under 

this stimulability task was analyzed further to assess the strength of stimulability 

under this task. This was done by detennining whether stimulability criteria (c) and 

(d) and, in some cases, (e), were met: 

(c) Mean velopharyngeal orifice area under this stimulability task step was at or 

near zero. 

A mean velopharyngeal orifice area was considered to be close to 

zero if it was less than 1 mm2
• Mean nasal airflow was considered to be 

close to zero if it was less than or equal to 10 cc/sec. 

(d) Data distributions of areas for the stimulability task step on the test day and for 

the No Special Instructions conditions on all study days overlapped little or 

not at all. 

Initial examination of some of the subjects' data showed across

session variability in velopharyngeal orifice areas under the No Special 

Instructions condition. Because of this variability, on a given day, all areas 

under a stimulability task may be smaller than all areas under the No Special 

Instructions, but the area values under the stimulability task may not be 

smaller than areas for the No Special Instructions condition on another day. 

Therefore, stimulability would be best demonstrated if a task elicited areas 

smaller than the areas under the No Special Instructions on any day of the 

study. 
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The raw data distribution of areas for the stimulability task step was 

compared to the appropriate raw data distributions of areas under the No 

Special Instructions for all days of the study in which the subject produced 

the consonant under the No Special Instructions condition. If more than one 

area value in the data distribution for the stimulability task step was larger 

than any area value in any of the appropriate No Special Instructions data 

distributions, then area under the stimulability task step was not presumed to 

be smaller than area under the No Special Instructions condition performed 

on at least one of the days of the study. If one or none of the area values for 

the stimulability task step was larger than any area value in any of the 

appropriate No Special Instructions data distributions, then area under the 

stimulability task was presumed to be smaller than area under the No Special 

Instructions condition performed on any of the days of the study. 

Research questions lA through ID, which concerned Tasks A, B, C, and D, 

required that areas under stimulability task steps be compared to each other. One 

subquestion of Questions lA and lC (Tasks A and C) asked whether area under 

Step 3 (producing the sound at a slower rate and with greater intraoral air pressure) 

was smaller than area under Step 1 (producing the sound at a slower rate). This 

question was only addressed if area under Step 3 was smaller than area under the 

No Special Instructions condition, as determined by whether stimulability criteria (a) 

and (b) above were met. One subquestion of Questions IB and ID (Tasks B and D) 

asked whether area under Step 2 (shaping the sound from blowing) was smaller than 
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area under Step 1 (lupa/ or /usa/). This question was only addressed if area under 

Step 2 was smaller than area under the No Special Instructions condition, as 

determined by whether stimulability criteria (a) and (b) above were met. Therefore, 

if stimulability criteria (a) and (b) were met for Step 3 of Task A or C, the data 

were studied to determine if an additional stimulability criterion (e) was met; 

similarly, if stimulability criteria (a) and (b) were met for Step 2 of Task B or D, 

the data were studied to determine if an additional stimulability criterion ( e) was 

met: 

(e) For Tasks A and C, velopharyngeal orifice areas for the consonant under Step 3 

were smaller than velopharyngeal orifice areas for the consonant under Step 

1. For Tasks Band D, velopharyngeal orifice areas for the consonant under 

Step 2 were smaller than velopharyngeal orifice areas for the consonant under 

Step 1. 

The appropriate raw data distributions were compared as described 

for questions (b) and (d) above. If more than one area value in data 

distribution for Task A or C's Step 3 was larger than any area value in data 

distribution for Step 1, then area under Step 3 was not presumed to be 

smaller than area under Step 1. In this case, producing the consonant with 

greater intraoral air pressure and at a slower rate would be judged to have no 

greater effect on area than producing the consonant at a slower rate. 

However, if one or none of the area values in Step 3' s data distribution was 

larger than any area value in Step l' s data distribution, then area under Step 
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3 was presumed to be smaller than area under Step 1. In this case, 

producing the consonant with greater intraoral air pressure and at a slower 

rate would be judged to be associated with smaller areas than producing the 

consonant at a slower rate. 

If more than one of the area values in the data distribution for Task B 

or D's Step 2 was larger than any area value in the data distribution for Step 

1, then area under Step 2 was not presumed to be smaller than area under 

Step 1. In this case, any reduction in area seen under the blowing task was 

interpreted to be similar to the effect of production the consonant in the 

context of luI. On the other hand, if one or none of the area values in Step 

2' s data distribution was larger than any area value in Step l' s data 

distribution, then area under Step 2 was interpreted to be smaller than area 

under Step 1. In this case, the area during the consonant produced under the 

blowing task was interpreted to be smaller than area during the consonant 

produced in the context of the high vowel luI. 

For each stimulability task step, this analysis was carried out twice for each 

subject, once for each of the two stimulability testing days for that task step. 

For each stimulability task, the results of these analyses for each subject were 

recorded in tables. Question 2 was answered by counting the number of subjects 

whose stimulability task performance met all, some, or none of the stimulability 

criteria (a) through (e). If stimulability criteria (a) through (e) ' .... ere met for Tasks 

A through D, or if criteria (a) through (d) were met for Task E, a subject's 
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performance was considered to be strong evidence that a task was associated with 

improved velopharyngeal closure for that day of testing. The best performance 

possible under a stimulability task step would be a positive response to all questions 

on both days of stimulability testing. 

If stimulability criteria (a) and (b) were met and at least one of criteria (c), 

(d), or (e) were met, a subject's performance was considered to represent moderate 

evidence that a task was associated with improved velopharyngeal closure. If only 

stimulability criteria (a) and (b) were met, a subject's performance was considered 

to be weak evidence of stimulability for improved velopharyngeal closure. If 

neither stimulability criterion (a) nor (b) was met, there was no evidence that a 

subject was stimulable for improved velopharyngeal closure under that task. When 

describing subjects' stimulability under various tasks, conditions for which subjects' 

performance was compatible with strong or moderate evidence on at least one day 

of stimulability testing were highlighted. 

This procedure for analyzing the tabled data was sometimes supplemented by 

graphic displays of the data distributions. Graphs of the data were presented to 

clarify descriptions of the data in the text or the tables. For Subjects 1 and 3, 

graphic displays were also used instead of tables to present results of attempts to 

stabilize improvements in velopharyngeal closure associated with stimulability 

testing. 

When the data were presented graphically, one boxplot (Emerson & Strenio, 

1983; Kowalski, 1993; Norusis, 1990; SAS Institute, 1990; Tukey, 1977, cited in 
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Hartwig & Dearing, 1979) was used for the appropriate No Special Instructions 

condition and for each stimulability task step. Figure 3 depicts a sample boxplot. 

For each condition, velopharyngeal orifice area (or, nasal airflow for one subject) is 

displayed on the vertical axis. The lower boundary of each box is the 25th 

percentile and the upper boundary of each box is the 75th percentile; therefore, the 

lower and upper boundaries of each box specify the interquartile range. The box

length is defined as the difference between the value of area (or nasal airflow) 

associated with the 75th percentile and the value of area (or nasal airflow) associated 

with the 25th percentile. The stems extending from each box indicate the location 

of values that are less than 1.5 box-lengths from the upper or lower boundary of the 

box. Values that are more than 1.5 box-lengths from the boundary of the box are 

considered outliers or extreme values (e.g., Norusis, 1990) and are identified by 

filled circles. Therefore, all area (or nasal airflow) values for a condition are 

represented either within the box, on its stems, or at points identified by filled 

circles. In this manner, a boxplot depicts the entire data distribution of the 

condition it represents. 
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Chapter 4. 

RESULTS 

Responses of Individual Subjects 

to the Stimulability Tasks 

For each of the eight subjects, this section describes: (a) selected case 

history information; (b) oral articulation, speech mechanism findings, hearing and 

nonverbal intelligence screening results, and aerodynamic measures of 

velopharyngeal function prior to stimulability testing; and (c) responses to the 

stimulability tasks. Results for the stimulability tasks will be presented in the same 

order for each subject: Task A, Task B, Task C, Task D, Task E. However, as 

explained in the Method chapter, the order of presentation of the stimulability tasks 

was counterbalanced across the subjects. 

For each subject, tables list the means and standard deviations of estimated 

velopharyngeal area for the No Special Instructions condition and for the steps of 

the stimulability task conditions. For one subject, the tables contain means and 

standard deviations of nasal airflow instead of area. In addition, the tables indicate 

which, if any, stimulability criteria the subject met for each of the stimulability task 

steps. To review, the stimulability criteria were: 

(a) Mean velopharyngeal orifice area for the consonant produced 
under the stimulability task step was smaller than mean 
velopharyngeal orifice area for the consonant produced under 
the No Special Instructions condition, 

(b) Data distributions of areas for the stimulability task step and for 
the No Special Instructions condition on the same test day 
overlapped little or not at all, 



(c) Mean velopharyngeal orifice area under the stimulability task step 
was at or near zero, 

(d) Data distributions of areas for the stimulability task step on the 
test day and for the No Special Instructions conditions on all 
study days overlapped little or not at all, and 

(e) For Tasks A and C, velopharyngeal orifice areas for the consonant 
under Step 3 were smaller than velopharyngeal orifice areas 
for the consonant under Step 1, or, for Tasks Band D, 
velopharyngeal orifice areas for the consonant under Step 2 
were smaller than velopharyngeal orifice areas for the 
consonant under Step 1. 
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When a stimulability criterion was met, a plus (+) sign is given in the tables; when 

a criterion was not met, a minus (-) sign is given in the tables; when only one data 

point overlapped for criteria (b), (d), or (e), a plus-or-minus sign (±) is used. 

None of these signs are given when a subject's performance was not compared to a 

criterion because analysis for that subject did not require it or when a subject did 

not perform a task. 

As was indicated in the Method chapter, various levels of support for 

stimulability were defmed as follows: 

Strong evidence for stimulability was represented by meeting criteria 
(a) through (d) or (e). 

Moderate evidence for stimulability was represented by meeting 
criteria (a) and (b) and at least one of criteria (c), (d), or (e). 

Weak evidence for stimulability was represented by meeting criteria 
(a) and (b) only. 

No evidence for stimulability was indicated by failure to meet criteria 
(a) or (b). 
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Subject 1 

History 

Subject 1 was an 8-year-old boy who had been referred by his school speech

language clinician to a local craniofacial disorders evaluation team. His first grade 

teacher perceived his speech to be nasalized and called it to his mother's attention. 

When he was 6 years, 10 months, of age, a school speech-language clinician 

reported that his speech was hypernasal with intermittent nasal emission, and she 

indicated that his diadochokinetic rates were "slow" and "rhythmical." 

At about this same time, Subject 1 was first seen by a craniofacial disorders 

evaluation team. The team members agreed that his speech was hypemasal. They 

also perceived nasal emission on stop consonants and lsI and Izl and described some 

of his fricatives as "nasal fricatives." The team found no abnormalities of 

craniofacial structure. A videonasendoscopic examination revealed good 

symmetrical velar movement, good movement of the right lateral pharyngeal wall, 

and "possible poor" movement of the left lateral pharyngeal wall. The team 

recommended "intensive speech therapy" and use of a palatal lift to "increase 

proprioceptive feedback of the palate" if no improvement in speech was noted after 

speech therapy. 

When Subject 1 was 7 years, 7 months, of age, the school speech-language 

clinician stated that his articulation had improved in the six months since the start of 

the school year. She indicated that treatment had included tasks designed to 

improve production of lsI and Irl, decrease nasality, increase loudness, and increase 
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mouth movement during speaking. The craniofacial disorders team agreed that his 

speech had improved and noted that speech intelligibility was good. However, they 

said that he continued to have mild, intermittent velopharyngeal impairment and 

they recommended continued speech therapy to reduce hypernasality. They stated 

that if the problem remained unresolved after speech therapy, they would 

recommend a palatal lift to "stimulate further velopharyngeal closure prior to 

surgery." 

At the outset of his participation in this study, Subject l' s mother indicated 

that his speech continued to be nasalized. The problem was most noticeable when 

he was tired or "crabby" or when he "mumble[d]" with a "soft voice." She 

reported no history of nasal regurgitation during feeding. She stated that he could 

blowout candles and drink through a straw and said that he was "pretty good" at 

blowing up a balloon. Subject 1 had not had his tonsils or adenoids removed. 

According to his mother, Subject 1 had allergies that were first noticed when he was 

in the first grade and that were being treated with Triaminic as recommended by his 

pediatrician. 

Subject Characteristics 

Subject 1 produced Ipl, lsI, 19/, It I , If I , and I S I in the list of words given 

in Appendix E. When his nares were occluded, articulation of these sounds in 

single words was perceived to be correct, with the exception of substitution of If I 

for 191 in the word "thief." 
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Results of the speech mechanism examination are summarized in Table 4. 

No abnormalities of craniofacial structure were observed. 

Nasal pathway resistance on Day 1 was estimated to be 4.4 cm H20/LPS and 

on Days 1 through 6 ranged from a low of 2.7 cm H20/LPS on Day 5 to a high of 

9.6 cm H20/LPS on Day 4. During Days 3 and 4, one nasal cavity was completely 

obstructed. According to Smith et al. (1985), resistance as high as 9.6 cm H20/LPS 

should allow accurate estimation of velopharyngeal orifice areas at least as large as 

28 mm2
• 

On Day 2, Subject 1 prolonged Is:1 and If:1 and blew orally. His 

velopharyngeal orifice area was less than 1 mm2 during fricative prolongations and 

blowing lasting approximately 1.5 to 2.0 seconds. He usually expired nasally at the 

ends of these prolongations. 

Subject 1 passed a bilateral pure-tone screening of hearing acuity at 500, 

1000, 2000, and 4000 Hz at 30 dB HL (Table 5). 

Nonverbal intelligence was within the normal range. Subject 1 received a 

raw score of 19 on the Test of Nonverbal Intelligence (TONI), which placed him at 

the 79th percentile when compared to other children age 7 years, 0 months, to 8 

years, 5 months (Table 5). 

Estimates of velopharyngeal orifice area and measures of nasal airflow were 

made for several consonants in strings of syllables or words produced without 

special instructions on Days 1 and 2. Table 6 contains the means, standard 

deviations, and ranges of these areas and nasal airflows. This table and other data 
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tables for Subject 1 contain Area 1 (Warren and DuBois' (1964) original area 

estimate), as well as Area 2 (Warren's (1989) suggested area estimate when one 

nasal cavity is blocked). Both of these area estimates are given when both nasal 

cavities were patent and Area 2 only is given when one side was completely 

blocked. (See Procedures pp. 130 - 131 for methods of computing Area 1 and Area 

2.) 

For Subject 1, mean estimated velopharyngeal orifice area (Area 1) for Ipl in 

Ihremperl were 12.3 and 5.9 mm2, which Warren (1989) considers indicative of 

borderline-inadequate and adequate velopharyngeal closure, respectively. The three 

highest estimates were 28.5, 11.8 and 10.3 mm2, for Ipl in Ihremperl produced on 

Day 1, however, all remaining estimates of orifice area for Subject 1 were less than 

10 mm2
• Most standard deviations were between 2 and 3 mm2

• Nasal airflow 

varied from 0 to 240 cc/sec. 

At the beginning of sessions on Days 3 through 6, Subject 1 produced Ipal 

and Isal in single syllables and in syllable strings without special instructions. Mean 

estimated velopharyngeal orifice areas for Ipl in Ipal are reported in Table 7 and 

areas for lsI in Isal are reported in Table 8. In addition, estimated velopharyngeal 

orifice areas for Ipl in Ipal and lsI in Isal produced during Days 1 and 2 (as 

reported in Table 6) are repeated in Tables 7 and 8. Most mean areas for Ipl and 

lsi produced without special instructions ranged from 2.5 to 5.0 mm2
• Exceptions 

were areas for lsI in single syllables during Days 3 and 6, which were as high as 

8.3 mm2
• 
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~ean areas for /p/ in /pa/ and /s/ in /sa/ produced without special 

instructions during Days 3 through 6 will be repeated in later tables of stimulability 

task results as needed to facilitate evaluation of Subject l' s response to the various 

task conditions. 

Aerodynamic Measures of Velopharyngeal Function under the Stimulability Task 

Conditions 

Task A: Production of /p/ with greater intraoral air pressure and at a slower 

rate. Table 9 presents the means and standard deviations of Subject 1 's estimated 

velopharyngeal orifice areas for /p/ during the No Special Instructions condition and 

Task A and indicates whether stimulability criteria (a) through (e) were met for each 

step of Task A (Question lA). These data show that velopharyngeal orifice areas 

for /p/ during Task A did not clearly differ from areas during the No Special 

Instructions condition and, therefore, performance under Task A provided no 

evidence for stimulability. 

Task B: Production of /p/ by shaping from blowing. Table 10 presents the 

means and standard deviations of Subject l' s estimated velopharyngeal orifice areas 

for /p/ during the No Special Instructions condition and Task B and indicates 

whether stimulability criteria (a) through (e) were met for either step of Task B 

(Question IB). Table 11 gives the means and standard deviations for Subject 1 's 

velopharyngeal areas for /p/ in the No Special Instructions condition and a modified 

version of Task B, Step 2. Figure 4, Part 1, depicts boxplots showing Area 2 for 

/p/ in the No Special Instructions condition, in Steps 1 and 2 of Task B on Days 5 
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and 6. Figure 4, Part 2, depicts boxplots showing Area 2 on Day 6 for /p/ in the 

No Special Instructions condition and for a modified version of Step 2 to be 

described below. 

The data in Table 10 show that, for both Days 5 and 6, estimated 

velopharyngeal orifice area for /p/ in /upa/ (Task B, Step 1) was not smaller than 

area for /p/ in the No Special Instructions condition. 

Table 10 shows that, on Day 5, mean velopharyngeal orifice area for /p/ in 

blow-to-/pa/ (Task B, Step 2) was smaller than the mean in the No Special 

Instructions condition (criterion (a) was met). However, as can be seen in Figure 4, 

Part 1, on Day 5 there was overlap between the areas for /p/ in the No Special 

Instructions condition and the areas for /p/ in blow-to-/pa/ (criterion (b) was not 

met). Therefore, Subject 1 's performance under Task B provided no evidence for 

stimulability on Day 5. 

On Day 6, mean area during the blow-to-/pa/ task initially appeared to be 

essentially the same as mean area under the No Special Instructions condition. 

However, as Subject 1 was blowing during the blow-to-/pa/ task on Day 6, nasal 

airflow approximated 100 cc/sec, which was quite different from his previous 

performance when his nasal airflows were not greater than 10 cc/sec as he blew 

orally. Therefore, at the end of Day 6, he was instructed to blow orally while he 

observed his nasal airflow trace on the computer screen and tried to keep the trace 

flat as he blew out his mouth. In addition, he was told blow air on the 

experimenter's hand placed in front of his mouth. After a brief period of such 
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practice, he was again directing air out his mouth as he blew. He was then asked to 

produce /pa/ following oral blowing, without watching the computer screen. As 

shown in Table 11, mean estimated velopharyngeal orifice area for the first group of 

these /pa/ productions was 0.5 mm2
, and the last three boxplots of Figure 4, Part 2 

show that he performed similarly over 15 consecutive repetitions of blow-to-/pa/ . 

This indicates that the velopharynx was close to achieving complete closure during 

these productions and the velopharyngeal orifice was the smallest observed during 

stimulability testing for /p/. The mean orifice area during these productions was 

approximately 3 mm2 smaller than those under the No Special Instructions condition 

and during his initial performance earlier this same session (see Table 11). 

Furthermore, most of these areas were smaller than those during the No Special 

Instructions condition or during /upa/ on either Day 5 and 6. 

After Subject 1 demonstrated reduced velopharyngeal orifice areas during 

blowing followed by /pa/ we briefly explored whether he could achieve reduced 

velopharyngeal orifice areas for /p/ and other pressure consonants when he did not 

precede the sounds with blowing. First, he was asked to produce /p/ in the single 

syllable /pa/ while attempting to keep the nasal airflow trace flat by watching the 

computer screen. As he produced ten single-syllable productions of /pa/, estimated 

velopharyngeal orifice areas dropped from a maximum of 5.1 mm2 to a minimum of 

o mm2; these results for single-syllable productions of /p/ are shown in the first two 

boxplots of Figure 5, Part 1, with each boxplot representing areas for five 

consecutive productions of /p/. He was then asked to produce strings of /pa/ as he 
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continued to watch the computer screen and keep the nasal airflow trace flat; mean 

estimated velopharyngeal orifice area was less than 0.5 mm2 (third boxplot of Figure 

5, Part 1). He then performed similarly during productions of strings of Isal (last 

two boxplots of Figure 5, Part 1), ltal (first boxplot of Figure 5, Part 2), and Ifal 

(second boxplot of Figure 5, Part 2). When he produced strings of the syllable 

I S ai, mean estimated velopharyngeal area rose to 1.3 mm2 (standard deviation = 

0.6 mm2
) (see third boxplot in Figure 5, Part 2). In an attempt to restimulate the 

production of syllables with velopharyngeal orifice areas near zero, he was asked to 

produce a string of Ipal syllables again while keeping the nasal airflow trace at zero. 

During these productions of Ipa/, estimated velopharyngeal orifice area was slightly 

more than 1.4 mm2 (fourth boxplot in Figure 5, Part 2). Finally, during single

syllable productions of Ipa/, mean velopharyngeal orifice area was 0.7 mm2 (last 

two boxplots in Figure 5, Part 2). 

This performance indicates that the blow-to-/pal task was associated with 

strong evidence for stimulability when Subject 1 preceded Ipal with the oral blowing 

of which he was capable (Le., he met stimulability criteria (a) through (e) for his 

first set of responses after oral blowing was reshaped). Furthermore, his ability to 

produce several consonants with very small velopharyngeal orifice areas while 

watching the nasal airflow trace indicated that such visual feedback may be useful in 

modifying his velopharyngeal closure behavior. 

No perceptual data were gathered to ascertain whether these changes in area 

were accompanied by reduced audible nasal emission. However, measures of nasal 



159 

airflow su~gest that these changes may have been associated with reduced audible 

nasal emission. On Day 6, mean nasal airflow was reduced from 80 cclsec (SD = 

50) to 20 cclsec (SD = 10) during blow-to-/pal performed after oral blowing was 

reshaped. 

Task C: Production of lsI with greater intraoral air pressure and at a slower 

rate. Table 12 presents the means and standard deviations of Subject 1 's estimated 

velopharyngeal orifice areas for lsI during the No Special Instructions condition and 

Task C and indicates whether stimulability criteria (a) through (e) were met for 

Task C (Question lC). 

These data show that, on Day 3, mean velopharyngeal orifice areas for lsI in 

each step of Task C were 2.2 to 3.5 mm2 smaller than those under the 

corresponding No Special Instructions condition (criterion (a) was met for all steps 

of Task C); however, the data distributions overlapped (criterion (b) was not met). 

Therefore, Task C was associated with no evidence for stimulability on Day 3. The 

data also show that Task C yielded no evidence for stimulability on Day 4. 

Task D: Production of lsI by shaping from blowing. Table 13 presents 

means and standard deviations for Subject l' s estimated velopharyngeal orifice areas 

for lsI produced during the No Special Instructions condition and Task D and 

indicates whether stimulability criteria (a) through (e) were met for Task D 

(Question ID). 

On Day 3, mean velopharyngeal orifice areas during lsI in lusal and in blow

to-/sal were smaller than areas during lsI in the No Special Instructions condition 
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(criterion (a) was met). For lsI produced in blow-to-/sal on Day 3, mean 

velopharyngeal orifice area was 4.6 mm2 smaller than area during the No Special 

Instructions condition. In addition, only one data point of the distribution of areas 

for lsI in blow-to-/sal on Day 3 overlapped the distribution of areas for lsI produced 

under the No Special Instructions condition (criterion (b) was met). However, mean 

area during lsI in blow-to-/sal was not less than 1 ~ (criterion (c) was not met). 

Furthermore, the data distribution for lsI in blow-to-/sal on Day 3 overlapped the 

data distributions for lsI in the No Special Instructions condition on other days and 

also overlapped the data distribution for lsI in lusal (criteria (d) and (e) were not 

met). Therefore, there was only weak evidence for stimulability under Task D on 

Day 3. 

On Day 4, mean area for lsI produced in blow-to-/sal was smaller than mean 

area for lsI produced under the No Special Instructions condition on that day 

(criterion (a) was met), but the distributions of areas under these two conditions 

overlapped (criterion (b) was not met). Therefore, Task D was associated with no 

evidence for stimulability on Day 4. 

The relatively large areas during the No Special Instructions condition on 

Day 3 may have led to the weak effect of the blow-to-/sal condition on that day that 

was not present on Day 4. 

Task E: Production of lsI by shaping from other obstruents. Table 14 

presents means and standard deviations for Subject l' s estimated velopharyngeal 

orifice areas for lsI during the No Special Instructions condition and Task E and 
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indicates whether stimulability criteria (a) through (d) were met for Task E 

(Question IE). Figure 6 gives boxplots showing Area 2 for lsi produced during the 

No Special Instructions condition and during Task E. 

When lsi was shaped from lei on both Days 3 and 4, mean velopharyngeal 

orifice area was smaller than for lsi in Isal produced without special instructions on 

the same day (criterion (a) was met). On Day 3, mean area was reduced by 4.4 

mm2 and, on Day 4, mean area was reduced by 2.3 mm2
• On both days, all areas 

for lsi produced in this part of Task E were smaller than all areas for lsi produced 

without special instructions on the corresponding day (criterion (b) was met). On 

Day 3, mean area for lsi in 19/-to-/sal was 1.9 mm2 and, on Day 4, mean area was 

0.2 mm2 (criterion (c) was not met on Day 3, but was met on Day 4). As shown in 

Figure 6, the distribution of areas for lsi produced under this part of Task E on Day 

3 overlapped with the distribution of areas for lsi under the No Special Instructions 

condition on Day 4 (criterion (d) was not met on Day 3). However, areas for lsi 

produced in this part of Task E on Day 4 did not overlap areas for lsi produced 

without special instructions on any of the other days (criterion (d) was met on Day 

4). Therefore, although shaping lsi from lei resulted in smaller velopharyngeal 

orifice areas on both testing days, this task was associated with weak evidence for 

stimulability on Day 3 and strong evidence for stimulability on Day 4. No 

perceptual data were gathered to determine whether evidence of stimulability was 

associated with reduction of audible nasal emission; however, nasal airflow on Day 

3 fell from 140 cclsec (SD = 50) in the No Special Instructions condition to 40 
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cclsec (SD = 20) and, on Day 4, fell from 60 cclsec (SD = 20) to 0 cclsec (SD = 

0). 

When lsi was shaped from It I on Day 3, mean orifice area for lsi was 4.1 

mm2 smaller than for lsi produced in Isal under the No Special Instructions 

condition (criterion (a) was met). In addition, the areas during lsi shaped from It I 

were smaller than all of the areas during lsi produced under the No Special 

Instructions condition on that day (criterion (b) was met). However, the 

velopharyngeal orifice areas during this part of Task E on Day 3 were not less than 

1 mm2 and they were similar to the areas for lsi under the No Special Instructions 

condition on Day 4 (criteria (c) and (d) were not met). On Day 4, mean area 

during lsi shaped from It I was smaller than area during lsi under the No Special 

Instructions condition, but the distributions of the two conditions overlapped 

(criterion (a) was met but (b) was not). These data suggest weak evidence for 

stimulability on Day 3 and no evidence for stimulability on Day 4. 

Summary for Subject 1. Results for Ipl in Task A and lsi in Task C were 

similar: Increasing intraoral air pressure and slowing syllable repetition rate were 

not accompanied by reduced velopharyngeal orifice areas during either Ipl or lsi in 

syllable strings. Shaping Ipl from oral blowing, Task B, was associated with no 

evidence for stimulability during one stimulability testing day and strong evidence 

for stimulability during the other testing day; however, strong evidence for 

stimulability was present only after oral blowing had been reshaped. Shaping lsi 

from oral blowing, Task D, was associated with weak evidence for stimulability on 
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one stimulability testing day and no evidence for stimulability on the other testing 

day. On one day of testing, shaping /s/ from /8/, Task E, provided strong evidence 

for stimulability, but on the other testing day, it provided only weak evidence for 

stimulability. Therefore, for Subject 1, velopharyngeal closure was improved 

during two tasks but these changes in velopharyngeal orifice area were not present 

on both days of stimulability testing. 

Subject 2 

History 

Subject 2 was a girl of age 6 years, 7 months. She had been referred by her 

school speech-language clinician to the University of Arizona Speech-Language 

Clinic. 

Subject 2's mother noticed that her daughter's speech was hypernasal when 

she was 1 112 to 2 years old. Subject 2's speech and language skills were evaluated 

at a California medical center when she was 4 years, 4 months, of age. The 

speech-language clinician wrote that Subject 2 "present[ed] a severe articulation and 

voice disorder of unknown etiology and a moderate delay in single-word expressive 

vocabulary skills. Spontaneous speech was judged to be approximately 50% 

intelligible when the topic was known." Her reduced intelligibility was thought to 

be related to multiple misarticulations and a hypernasal voice quality. She omitted 

many consonants and deleted syllables in multisyllabic words. In addition, her 

speech was hypernasal and audible nasal emission was occasionally perceived. No 

movement of the velum was observed. The speech-language clinician recommended 



speech therapy to "improv[e] speech intelligibility" and "expressive vocabulary 

skills." The clinician also referred Subject 2 to a physician for "medical 

management" of her hypemasality. 
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The physician observed that Subject 2's tonsils were large and, according to 

her mother, he wondered whether the large tonsils prohibited complete 

velopharyngeal closure. When Subject 2 was 4 years, 11 months, of age, her 

physician removed her tonsils. He wrote that speech therapy following removal of 

the tonsils should "concentrat[e] on strengthening [the] soft palate." 

Approximately three months after her tonsillectomy, Subject 2' s speech and 

language skills were reevaluated. The speech-language clinician wrote that Subject 

2 "present[ed] a moderately severe articulation and voice disorder of unknown 

origin and a moderate delay in receptive vocabulary." The clinician estimated that 

conversational speech was approximately 75 % intelligible. The clinician speculated 

that reduced intelligibility was related to a combination of speech sound errors 

(including many sound omissions and substitutions), hypemasality, and a fast 

speaking rate. The clinician wrote that, since her initial speech and language 

evaluation, Subject 2 had "demonstrated improvement in speech production, 

reduction of nasality at the word level, and expressive vocabulary skills" She also 

indicated that velopharyngeal movement had "increased." 

Subject 2' s mother reported that speech therapy included practice to improve 

the production of various speech sounds (including Ipl and lsI) and "trying to get 

the palate to move." A clinical report of therapy provided when Subject 2 was 5 
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Exercises were provided to decrease nasality, decrease rate, and decrease final 

consonant deletion. " 
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When she was 6 years, 2 months, of age, Subject 2 was again seen by her 

physician. The physician's report of this visit was not available. However, 

according to Subject 2' smother, the physician indicated that he "could see 

movement" of her velopharyngeal mechanism. Her mother further reported that the 

physician recommended waiting another year prior to deciding whether to perform 

surgery to manage any remaining problem of velopharyngeal function. 

When Subject 2 was 6 years, 3 months, of age, she began attending school 

in Tucson. Her school speech-language clinician noted that Subject 2's speech was 

readily intelligible and, except for hypernasality and audible nasal emission, all her 

speech sounds were correctly produced in words and sentences. 

Subject 2's mother indicated that the child's speech was most nasal when she 

was "upset (crying)" or "very excited." Subject 2's speech was reportedly least 

nasal when she spoke "calmly and slowly." Her mother indicated that liquids 

sometimes came up through her daughter's nose as she was drinking. She said that 

Subject 2 could blowout candles and drink through a straw. She could blow up a 

balloon with some difficulty but, "usually [got] frustrated and ask[ed] for help." 

According to her mother, Subject 2 did not have allergies. However, she did have 

frequent ear infections prior to her tonsillectomy. 
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Subject Characteristics 

Subject 2 produced Ipl, lsI, 191, It!, If I , and I J I in the words given in 

Appendix E. When her nares were occluded, articulation of these sounds in single 

words was perceived to be correct. 

Results of the speech mechanism examination are summarized in Table 4. 

Subject 2's uvula had a broad-based connection to the palate, so that the uvula was 

shaped similar to an upside down triangle with the base at the top and the point at 

the bottom. 

Nasal pathway resistance on Day 1 was estimated to be 3.3 cm H20/LPS and 

on Days 1 through 6 ranged from this value of 3.3 cm H20/LPS on Day 1 to a high 

of 13.0 cm H20/LPS on Day 3. With the exception of the highest value of 

resistance, all values ranged from 3.3 to 10.2 cm H20/LPS. During Day 3 and part 

of Days 2 and 4, nasal airflow was completely obstructed on one side of the nasal 

cavities. 

On Day 2, Subject 2 also prolonged Is:1 and If:1 and blew orally. Her 

velopharyngeal orifice area was less than 1 mm2 during these fricative prolongations 

and blowing of approximately 1.0 to 1.5 seconds in duration. 

Subject 2 passed a bilateral pure-tone screening of hearing acuity at 1000, 

2000, and 4000 Hz presented at 30 dB HL, but failed bilaterally at 500 Hz (Table 

5). 
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Nonverbal intelligence was within the nonnal range. Subject 2 received a 

raw score of 9 on the TONI, which placed her at the 42nd percentile when 

compared to other children age 6 years, 0 months, to 6 years, 11 months (Table 5). 

Estimates of velopharyngeal orifice area and measures of nasal airflow were 

made for several consonants in strings of syllables or words produced without 

special instructions on Days 1 and 2. Table 15 contains the means, standard 

deviations, and ranges of these areas and nasal airflows. This table and the other 

tables for Subject 2 contain values of Area 1 (Warren and DuBois' (1964) original 

area estimate) and Area 2 (Warren's (1989) suggested area estimate when one nasal 

cavity is blocked). During part of the session on Day 2, one of Subject 2's nasal 

cavities was blocked, so only Area 2 could be computed for consonants produced 

during this portion of the session. (See pp. 130 - 131 for a description of how Area 

1 and Area 2 were calculated.) 

As seen in Table 15, mean estimated velopharyngeal orifice areas for Subject 

2 ranged between 1.0 mm2 for I S I in I S al (area 2) and 28.4 mm2 for Ipl in 

Ihremperl (area 1); standard deviations ranged from 0.7 for I S I in I S al to 24.8 for 

Ipl in Ipa/. Although this range of mean areas was very large, mean areas for Is, t, 

f, S, and SI followed by lal were all less than or equal to 4.4 mm2
• The largest 

mean areas during Days 1 and 2 were 22.4 mm2 and 28.4 mm2 (area 1) for Ipl in 

Ihremper/. According to Warren's (1989) categories of velopharyngeal competency 

based on area measures, the smallest mean areas during Days 1 and 2 represented 

adequate velopharyngeal closure and the largest represented inadequate closure. 
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Nasal airflow ranged from 0 cclsec during I S I in I S al to nearly 400 cclsec during 

lsi in Isal and Ipl in Ihremper/. Zero nasal airflow is associated with normal 

velopharyngeal function and nasal airflow of 400 cclsec reflects inadequate 

velopharyngeal function (Laine, Warren, Dalston, & Morr, 1988). In summary, on 

Days 1 and 2, area and nasal airflow varied widely among different consonants and, 

for some consonants, area and nasal airflow varied widely among repetitions of the 

same consonants. 

At the beginning of sessions on Days 3 through 6, Subject 2 produced Ipal 

and Isal in single syllables and in syllable strings without special instructions. Mean 

estimated velopharyngeal orifice areas for Ipl in Ipal are reported in Table 16 and 

areas for lsi in Isal are reported in Table 17. In addition, estimated velopharyngeal 

orifice areas for Ipl in Ipal and lsi in Isal produced during Days 1 and 2 (as 

reported in Table 15) are repeated in Tables 16 and 17. Mean areas for Ipl on 

Days 1 and 2 were 17.3 and 18.6 mm2 (Area 1), respectively. However, mean 

areas for Ipl on Days 3 through 6 ranged from 1.5 mm2 (Area 2) for Ipl in syllable 

strings to 8.9 mm2 (Area 1) for Ipl in single syllables. Mean areas for lsi on Days 

2 through 6 ranged from 1.8 mm2 (Area 2) for lsi in syllable strings to 7.9 mm2 

(Area 1) for lsi in single syllables. 

Mean areas for Ipl in Ipal and lsi in Isal produced without special 

instructions during Days 3 through 6 will be repeated in later tables of stimulability 

task results as needed to facilitate evaluation of Subject 2's response to the various 

task conditions. 
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Conditions 
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Task A: Production of /p/ with greater intraoral air pressure and at a slower 

rate. Table 18 gives the means and standard deviations of Subject 2's estimated 

velopharyngeal orifice areas for /p/ produced during the No Special Instructions 

condition and during Task A and indicates whether stimulability criteria (a) through 

(e) were met for each step of Task A (Question lA). 

During Day 3, Subject 2 did not reach criterion performance for Step 3. She 

produced /pa/ syllable strings with increased intraoral air pressure during /p/, and 

she produced the syllables with the beat of a metronome. However, on Day 3, she 

did not do both simultaneously, as required by Step 3 of Task A. 

The data in Table 18 show that areas for /p/ during Steps 1 and 2 of Task A 

did not clearly differ from areas during the No Special Instructions condition. Also, 

areas for /p/ during Step 3 on Day 4 did not clearly differ from areas during the No 

Special Instructions condition. Therefore, performance under Task A provided no 

evidence of stimulability. 

Task B: Production of /p/ by shaping from blowing. Table 19 gives the 

means and standard deviations of Subject 2' s estimated velopharyngeal orifice areas 

for /p/ produced during the No Special Instructions condition and during Task Band 

indicates whether stimulability criteria (a) through (e) were met for either step of 

Task B (Question IB). Figure 7 depicts boxplots of Area 2 for the No Special 

Instructions condition and for Task B on Days 3 and 4. 
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T~ble 19 shows that mean estimated velopharyngeal orifice area for Ipl in 

lupal (Step 1 of Task B) was smaller than mean area for Ipl in the No Special 

Instructions condition on Day 3 (criterion (a) was met) but not on Day 4 (criterion 

(a) was not met). As seen in Figure 7, on both days, the data distributions 

overlapped (criterion (b) was not met). Therefore, areas during Ipl in lupal were 

not different from areas during Ipl under the No Special Instructions condition on 

Day 3 or Day 4. 

On both Days 3 and 4, mean estimated velopharyngeal orifice areas during 

Ipl in blow-to-/pal (Step 2 of Task B) were less than areas during Ipl in the No 

Special Instructions condition and the data distributions of area for Ipl in these two 

conditions did not overlap (criteria (a) and (b) were met). On Day 3, mean area 

under the blow-to-/pal task was 0.3 mm\ which was 3.3 mm2 smaller than under 

the No Special Instructions condition (criterion (c) was met). In addition, for Day 

3, the areas for all instances of Ipl during blow-to-/pal were smaller than all areas 

for Ipl under the No Special Instructions condition on Days 3 through 6 and smaller 

than areas during lupal on Days 3 and 4 (criteria (d) and (e) were met). Therefore, 

Subject 2' s areas during the blow-to-/pal task provided strong evidence for 

stimulability on Day 3. On Day 4, mean estimated velopharyngeal orifice area 

under the blow-to-/pal task was 1.6 mm2
, which was 4.5 mm2 smaller than under 

the No Special Instructions condition (criterion (c) was not met) and the distribution 

of areas for Ipl during blow-to-/pal overlapped with some of the smaller areas for 

Ipl during the No Special Instructions condition on Day 3 (criterion (d) was not 
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met). Nevertheless, on Day 4, the distribution of areas for Ipl during blow-to-/pal 

did not overlap the distribution of areas for Ipl in lupal on Day 4 (criterion (e) was 

met). Therefore, Subject 2's performance under the blow-to-/pal task on Day 4 

provided moderate evidence of stimulability. 

No perceptual data were gathered to ascertain whether area changes under 

Step 2 of Task B were associated with reduced audible nasal emission. However, 

measures of nasal airflow suggest that these changes were probably accompanied by 

reduced audible nasal emission. On Day 3, mean nasal airflow was reduced from 

60 cclsec (SD = 40) to 10 cclsec (SD = 10). On Day 4, mean nasal airflow was 

reduced from 130 cclsec (SD = 50) to 40 cclsec (SD = 10). 

Task C: Production of lsI with greater intraoral air pressure and at a slower 

rate. Table 20 gives the means and standard deviations of Subject 2's estimated 

velopharyngeal orifice areas for lsI produced during the No Special Instructions 

condition and during Task C and indicates whether stimulability criteria (a) through 

(e) were met for Task C (Question lC). 

As seen in Table 20, on both Days 5 and 6, mean velopharyngeal orifice 

areas during lsI in single Isal syllables produced in Step 2 of Task C were less than 

mean areas during the No Special Instructions condition on the respective day 

(criterion (a) was met). However, areas during Step 2 of Task C on Day 5 

overlapped areas during the No Special Instructions condition (criterion (b) was not 

met). Therefore, Subject 2's performance during Step 2 provided no evidence for 

stimulability on Day 5. On the other hand, on Day 6, only one area for lsI during 
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Step 2 overlapped the distributions of areas during the No Special Instructions 

conditions on any of the task days (criteria (b) and (d) were met). Area under Step 

2 on Day 6 was greater than 1 mm2 (criterion (c) was not met). Therefore, Subject 

2' s areas on Day 6 provided moderate evidence of stimulability. 

The data in Table 20 show that estimated velopharyngeal orifice areas during 

Steps 1 and 3 of Task C were not clearly smaller than areas during the No Special 

Instructions condition (neither criterion (a) nor (b) were met on Day 5 and only 

criterion (a) was met on Day 6». On Day 5, the area under Step 3 of Task C was 

greater than the area under the No Special Instructions condition, and the variability 

of area was greater during Step 3 of Task C than during the No Special Instructions 

condition. This performance of Step 3 on Day 5 is thought to be indicative of the 

difficulty Subject 2 had with this task; she needed many trials to simultaneously 

reach the criteria for increasing intraoral air pressure and for slowing the rate of 

syllable production. This performance provided no evidence for stimulability under 

Steps 1 and 3 of Task C. 

Task D: Production of lsI by shaping from blowing. Table 21 gives means 

and standard deviations for Subject 2's estimated velopharyngeal orifice areas for lsI 

produced during the No Special Instructions condition and during Task D and 

indicates whether stimulability criteria (a) through (e) were met for Task D 

(Question ID). Figure 8 gives boxplots showing Area 2 for lsI produced during the 

No Special Instructions condition and during Task D. 



T~ble 21 shows that, on both Days 5 and 6, mean velopharyngeal orifice 

areas for lsi in lupal were larger than mean areas for lsi in the No Special 

Instructions condition (criterion (a) was not met). 
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On both Days 5 and 6, mean orifice areas for lsi in blow-to-/sal (Step 2 of 

Task D) were less than mean areas for lsi in the No Special Instructions condition 

and the data distributions did not overlap (criteria (a) and (b) were met; see also 

Figure 8). Furthermore, on both days, mean areas under the blow-to-/sal task were 

0.7 mm2 (criterion (c) was met). On Day 5, this was 7.2 mm2 less than the mean 

under the No Special Instructions Condition and, on Day 6, the difference between 

the mean areas under these conditions was 4.1 mm2 • Areas for all lsi sounds in 

blow-to-/sal were smaller than all areas for lsi in the No Special Instructions 

condition on Days 3 through 6 and were smaller than all areas during lusal on Days 

5 and 6 (criteria (d) and (e) were met; see Figure 8). Therefore, Subject 2's 

performance during Step 2 of Task D provided strong evidence of stimulability on 

both testing days. 

Measures of nasal airflow suggest that reductions in velopharyngeal orifice 

areas under Step 2 of Task D were associated with reductions of audible nasal 

emission. On Day 5, mean nasal airflow was reduced from 130 cclsec (SD = 30) 

to 20 cclsec (SD = 10) and, on Day 6, mean nasal airflow was reduced from 90 

cclsec (SD = 40) to 10 cclsec (SD = 0). 

Task E: Production of lsi by shaping from other obstruents. Table 22 gives 

means and standard deviations for Subject 2' s estimated velopharyngeal orifice areas 
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for lsI produced during the No Special Instructions condition and during Task E and 

indicates whether stimulability criteria (a) through (d) were met for Task E 

(Question IE). Figure 9 gives boxplots showing Area 2 for lsI produced during the 

No Special Instructions condition and during Task E. 

When lsI was shaped from I J I on both Days 5 and 6, mean velopharyngeal 

orifice areas for lsI were smaller than areas for lsI under the No Special Instructions 

condition and the data distributions did not overlap (criteria (a) and (b) were met). 

Mean area for lsI shaped from I J I was 0.8 mm2 on both testing days (criterion (c) 

was met). Areas for lsI in I J I-to-Isal were smaller than areas for lsI under the No 

Special Instructions condition on Days 3 through 6 (criterion (d) was met on Days 5 

and 6; see Figure 9). This was strong evidence for stimulability under this task. 

Furthermore, mean velopharyngeal areas for lsI shaped from I J I was 7.1 mm2 and 

4.0 mm2 smaller than mean areas for lsI during the No Special Instructions 

conditions on Day 5 and 6 respectively. On Day 5, mean nasal airflow was reduced 

from 130 cclsec (SD = 30) under the No Special Instructions condition to 20 cclsec 

(SD = 10) under this shaping condition, and on Day 6, mean nasal airflow was 

reduced from 90 cclsec (SD = 40) to 20 cclsec (SD = 10). 

When lsI was shaped from lSI on Day 5, mean velopharyngeal mean area 

for lsI was smaller than mean area under the No Special Instructions condition and 

the data distributions for these two conditions did not overlap (criteria (a) and (b) 

were met; see Figure 9). However, mean area for lsI in 19:/-to-Isal on Day 5 was 

not less than 1 mm2 and the distribution of these areas overlapped areas for lsI in 
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the No Special Instructions conditions on Days 3 through 6 (criteria (c) and (d) were 

not met). When lsi was shaped from 191 on Day 6, mean area for lsi was smaller 

than mean area under the No Special Instructions condition, but the data 

distributions overlapped (criterion (a) was met, but criterion (b) was not met; see 

Figure 9). Therefore, shaping lsi from 191 provided weak evidence for 

stimulability on one testing day and no evidence for stimulability on the other testing 

day. 

When lsi was shaped from It I on both Days 5 and 6, mean velopharyngeal 

area for lsi was smaller than under the No Special Instructions condition for the 

respective day (criterion (a) was met). Also, on both days, the data distributions for 

these two conditions did not overlap (criterion (b) was met; see Figure 9). On Day 

5, mean area for lsi in It/-to-/sal was not less than 1 m and the data distribution 

of areas for this condition overlapped the data distributions for the No Special 

Instructions conditions on Days 3 through 6 (criteria (c) and (d) were not met). On 

Day 6, mean area for lsi in It/-to-/sal was less than 1 m and the distribution of 

areas for this condition did not overlap the distribution of areas for lsi under the No 

Special Instructions conditions on Day 3 through 6 (criteria (c) and (d) were met). 

Therefore, on Day 5, Subject 2's performance during this task provided weak 

evidence for stimulability and, on Day 6, her performance provided strong evidence 

for stimulability. 

Summary for Subject 2. Results for Ipl under Task A and lsi under Task C 

were similar: Increasing intraoral air pressure and slowing repetition rate were not 
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accompanied by reduced velopharyngeal orifice areas for either Ipl or lsi produced 

in syllable strings. Results for Ipl under Task B and lsi under Task D were similar: 

Shaping Ipl and lsi from oral blowing was associated with strong or moderate 

evidence of stimulability on both testing days. Task E was associated with strong 

evidence for stimulability on both days when lsi was shaped from I S I and on one 

of the days when lsi was shaped from It!. Areas for lsi shaped from lei provided 

weak or no evidence of stimulability. Therefore, for Subject 2, velopharyngeal 

closure was improved during three stimulability tasks. Furthermore, for Task B, 

Task D, and for one technique of Task E these improvements in closure were seen 

on both days of stimulability testing. 

Subject 3 

History 

Subject 3, a boy of age 5 years, 6 months, was a client of a Tucson speech

language clinic. 

Subject 3 was born with a complete bilateral cleft of the lip and palate. 

When he was 6 months old, his lip was surgically repaired. When he was 18 

months old, his palate was repaired. Subsequently, a large fistula developed in the 

hard palate. 

Subject 3 was referred to the speech-language clinic by his pediatrician when 

he was 2 years, 3 months, of age. His speech at that time was reportedly 

"extremely unintelligible" and his parents stated that he communicated by gestures 

and "intonation." The clinicians judged that his speech was "extremely hypernasal 
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with occasional audible nasal emissions." They noted that his phonetic repertoire 

included stop consonants, nasal consonants, Ih/, and Iw/, but he did not use these 

sounds consistently in his spontaneous speech. He substituted nasal consonants for 

most anterior consonants and used glottal stops for I gl and Ik/ in the final position 

of words. His receptive language skills were within the normal range and his 

intelligible expressive utterances were one and two words in length. Examination of 

his oral mechanism revealed "severely reduced range of vertical movement" of the 

soft palate, a hard palate fistula approximately 1 cm in length, a floating premaxilla, 

and an upper lip that was tightly stretched over the anterior maxillary teeth and 

reduced in movement. 

Subject 3 began receiving speech therapy when he was 2 years, 9 months, of 

age and, with the exception of a few breaks, received speech therapy continuously 

since that time. When he began therapy, his hard palate fistula was still open. His 

first therapy goals included imitation of Ip/, Ib/, 1m!, and 11/ in single-syllable 

words and imitation of functional two- and three-word phrases. 

During the time Subject 3 received speech therapy, he had additional 

operations. When he was 3 years, 4 months, of age, he had a "double closure hard 

palate repair" to close the hard palate fistula. When he was 4 years, 7 months, of 

age, his surgeon closed two nasolabial fistulas and created a pharyngeal flap. At 

age 5 years, 5 months, he underwent surgical revision of his lip and nose. 

Subject 3 also received ongoing orthodontic treatment. A jackscrew 

appliance was used to expand his maxillary arch. When he was about 4 years, 9 
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months, of age, this appliance was replaced with a retainer designed to maintain the 

position of the maxillary arch. 

During the two years before his participation in this study, Subject 3' s 

speech treatment goals were "to establish the ability to produce various sounds, and 

then to stabilize their production, and finally to establish their use in automatic, 

communicative speech." Subject 3 practiced the following sounds: It I , If I , IJI, lsI, 

I J I, Irl, Ill, and In!. 

Treatment also encouraged the oral production of sounds that Subject 3 

inappropriately nasalized. Subject 3 was asked to discriminate between the 

clinician's productions of oral and nasalized sounds. When Subject 3 produced a 

sound nasally, the clinician often gave him a model and instructions for oral 

production of the sound and asked him to repeat the sound orally. According to the 

clinician, he then often successfully produced the sound orally. To monitor nasal 

emission, a cold mirror was used or Subject 3 was asked to "feel the airstream" as 

he produced fricative sounds orally. 

Subject 3 had a history of chronic otitis media which was treated with 

several sets of pressure-equalization tubes. His mother said that his right tympanic 

membrane was scarred and his left tympanic membrane was perforated. 

When Subject 3 was 5 years, 5 months, of age, his clinician wrote that he 

was able to produce all consonants except the affricates in therapy. Some sounds, 

including lsI and I J I, needed more practice before he could be required to use 

them in spontaneous speech. The clinician wrote that "we continue to be concerned 



about audible nasal emission during production of obstruents." The clinician also 

expressed the opinion that the flap was successful, but that Subject 3 had not yet 

learned to use it during production of all consonants. 

Subject Characteristics 

Subject 3 produced Ipl, It I , 18/, If I , lsi, and I S I in the words listed in 

Appendix E. When his nares were occluded, articulation of Ipl, 181, and If I was 

perceived to be correct. The sound Ik/ was consistently substituted for It/. 
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With nares unoccluded, nasal turbulence was consistently audible during 

production of lsi and inconsistently audible during production of I S I. When his 

nares were occluded, Subject 3's productions of lsi and I S I were both distorted. 

Sometimes while Subject 3 was attempting to produce lsi when his nares were 

occluded, oral airflow stopped, indicating that most--if not all--airflow for the sound 

was being directed nasally. 

Results of the speech mechanism examination are summarized in Table 4. 

Subject 3's upper lip extended down to completely cover his central maxillary teeth. 

He wore a palatal appliance that, according to his mother, maintained the position of 

the maxillary arch. The oral surface of this appliance gave the palatal arch a flat 

appearance. A dental model of Subject 3's maxillary arch was viewed when the 

maxillary intraoral pressure tube was constructed. As seen on this model, the hard 

palate was somewhat peaked and narrow. 

Nasal pathway resistance on Day 1 was estimated to be 5.0 cm H20/LPS and 

on Days 1 through 6 ranged from a low of 1.4 cm H20/LPS on Day 1 to a high of 
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7.6 cm H20/LPS on Day 4. According to Smith et al. (1985), nasal pathway 

resistance of 7.6 cm H20/LPS should allow accurate estimation of velopharyngeal 

orifice areas at least as large as 28 mm2
• Therefore, if all of the nasal pathway 

resistance was the result of nasal cavity resistance, velopharyngeal orifice area 

estimates in the range of those of primary interest in this study should be computed 

accurately. However, Subject 3 also had a pharyngeal flap, which undoubtedly 

accounted for a portion of the nasal pathway resistance values. So, the resistance of 

the nasal cavities alone was probably less than 7.6 cm H20/LPS and, therefore, 

obstruction of the nasal cavities was very unlikely to affect estimation of 

velopharyngeal orifice areas for Subject 3. 

On Day 2, Subject 3 prolonged Is:1 and If:1 and blew orally. Nasal airflow 

during prolongations of If:1 and during oral blowing was essentially 0 cclsec during 

prolongations and blowing lasting 2.0 or more seconds. Nasal airflow during one

to two-second prolongations of Is:1 ranged from 180 to 250 to 300 cc/sec. 

Subject 3 passed a bilateral pure-tone screening of hearing acuity at 1000, 

2000, and 4000 Hz presented at 30 dB HL, but failed bilaterally at 500 Hz (Table 

5). 

Nonverbal intelligence was at the upper end of the normal range. Subject 3 

received a raw score of 9 on the TONI, which placed him at the 90th percentile 

when compared to other children age 5 years, 0 months, to 5 years, 11 months 

(Table 5). 
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On Days 1 and 2 estimates of velopharyngeal orifice area and measures of 

nasal airflow were made for Ipl in strings of Ipal and strings of Ihremper/. In 

addition, on these days, nasal airflow was measured during lsi in strings of Isa/. 

On Day 2 only, estimates of velopharyngeal orifice area were made for If I in strings 

of Ifal and Ihremferl and nasal airflow was measured during the consonant in strings 

of Ikal (produced as a substitution for lta/), ltal, I S ai, and ISa/. Table 23 contains 

the means, standard deviations, and ranges of these areas and nasal airflows 

Velopharyngeal areas could not be estimated for lsi, Itl, I S I, and lSI 

because the maxillary tube used to detect intraoral air pressure during these sounds 

could not be maintained in place for Subject 3. Therefore, only nasal airflow was 

measured during lsi, Itl, I r I, and lei (Laine, Warren, Dalston, & Morr, 1988). 

Nasal airflow could not be measured during lsi in lrenserl because, without the 

measurement of intraoral air pressure during the lsi, the location of lsi on the 

airflow trace could not be identified. Velopharyngeal area was estimated for If I in 

Ihremferl to obtain an area estimate for a fricative that was adjacent to a nasal 

consonant, because this could not be done for lsi. Intraoral air pressure for If I was 

obtained in the same manner as it was for Ipl (Andreassen et al., 1992). 

Velopharyngeal areas for Ipl and If I were larger when these consonants were 

produced adjacent to nasal consonants. Mean area for Ipl in Ihremperl was 34.7 

mm2 on Day 1 and 6.1 mm2 on Day 2. Mean area for If I in Ihremferl was 8.6 mm2 

on Day 2 (Table 23). According to Warren's (1989) categories of velopharyngeal 

closure, the area for Ipl in Ihremperl on Day 1 represented inadequate 
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Day 2 represented adequate-borderline velopharyngeal closure. 
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The large mean area for Ipl in Ihremperl on Day 1 was considerably higher 

than any of the other means. Therefore, this mean may be incorrect. Maximum 

intraoral air pressures measured during Ihremperl on Day 1 ranged from 0.8 to 1.9 

cm H20, which is smaller than typically measured for Ipl but greater than typically 

measured for Iml (see Baken's (1987) review of intraoral air pressures associated 

with consonants). Perhaps, when intraoral air pressures were very low, Subject 3 

may have said something closer to Ihremerl than Ihremper/. 

Mean nasal airflow during lsi in Isal was 300 cc/sec on Day 1 and 240 

cc/sec on Day 2 (Table 23). These nasal airflows are likely to be associated with 

velopharyngeal orifice areas greater than 10 mm2 (Laine et aI., 1988). Assuming 

that Subject 3's intraoral air pressure was 3 cm H20 (Dalston, Warren, Morr, & 

Smith, 1988) and using Warren and DuBois' equation for estimation of 

velopharyngeal orifice area, Subject 3's velopharyngeal orifice area for lsi would be 

estimated to be approximately 15 to 20 mm2• 

Mean nasal airflows during Ip/, If I , I S I, and 191 in consonant-vowel 

syllables ranged from 10 cc/sec for Ipl and 191 on Day 2 to 40 cc/sec for Ipl on 

Day 1 (Table 23). Values of nasal airflows for these sounds ranged from a low of 0 

cc/sec for Ipl and If I to a high of 110 cc/sec for I S I. 

At the beginning of sessions on Days 3 through 6, Subject 3 produced Ipal 

and Isal in single syllables and in syllable strings without special instructions. Mean 
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estimated velopharyngeal orifice areas for Ipl in Ipal are reported in Table 24 and 

mean nasal airflows for lsi in Isal are reported in Table 25. In addition, mean areas 

for Ipl in Ipal and mean nasal airflows for lsi in Isal produced during Days 1 and 2 

(as reported in Table 23) are repeated in Tables 24 and 25 respectively. 

Table 24 shows that mean velopharyngeal orifice areas during Ipl in Ipal 

were 0 or very close to 0 mm2 on all days except Day 6, when mean velopharyngeal 

orifice area during Ipl in single syllables was 3.6 mm2 and in syllable strings was 

2.8 mm2
• Performance during five days of the study indicated that the velopharynx 

was often essentially closed during Ipl even when it was produced without special 

instructions . 

Table 25 shows that mean nasal airflow during lsi in Isal ranged from 190 to 

340 cclsec across the six days of the study. This indicates that the velopharynx was 

consistently open during this sound. Because lsi was the only sound during which 

the velopharynx was consistently open during consonant-vowel syllables, Subject 3's 

stimulability for improved velopharyngeal closure was studied only for lsi. 

Aerodynamic Measures of Velopharyngeal Function under the Stimulability Task 

Conditions 

Subject 3's stimulability for improved velopharyngeal closure during lsi was 

studied on Days 3 and 4 using Tasks C, D, and E. 

Task C: Production of lsi with greater intraoral air pressure and at a slower 

rate. Table 26 gives means and standard deviations of nasal airflow for lsi 

produced by Subject 3 during the No Special Instructions condition and indicates 
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whether,stimulability criteria (a) through (e) were met for each step of Task C 

(Question lC). Mean nasal airflows during all but one step of Task C were 30 to 

150 cclsec greater than mean flows during the No Special Instructions condition 

(criterion (a) was not met). On Day 3, mean nasal airflow during Step 1 of Task C 

was slightly smaller than mean flow during the No Special Instructions condition, 

but the distributions overlapped (criterion (a) was met, but (b) was not met). 

Therefore, Subject 3's performance during Task C provided no evidence of 

stimulability . 

Task D: Production of lsI by shaping from blowing. Table 27 gives means 

and standard deviations of nasal airflow for lsI produced by Subject 3 during the No 

Special Instructions condition and during Task D and indicates whether the 

stimulability criteria (a) through (e) were met for each step of Task D (Question 

ID). Figure 10 gives boxplots showing nasal airflow for lsI produced during the 

No Special Instructions condition and during Task D. 

On both Days 3 and 4, mean nasal airflows for lsI during lusal (Step 1 of 

Task D) was not smaller than nasal airflow during the No Special Instructions 

(criterion (a) was not met). Therefore, the size of velopharyngeal opening during 

lsI in lusal was probably not smaller than the size of velopharyngeal opening during 

lsI under the No Special Instructions condition. 

On both Days 3 and 4 mean nasal airflow during lsI in blow-to-/sal (Step 2 

of Task D) was less than mean nasal airflow during lsI in the No Special 

Instructions condition and the two distributions did not overlap (criteria (a) and (b) 
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were met; see Figure 10). Mean nasal airflows during lsi in blow-to-/sal were not 

less than or equal to 10 cclsec (criterion (c) was not met). However, on both Days 

3 and 4, nasal airflows for all but one instance of lsi produced during blow-to-/sal 

were less than nasal airflows for lsi produced during No Special Instructions 

conditions on Days 3 through 6 and during lusal on Days 3 and 4 (criteria (d) and 

(e) were met). This performance provided moderate evidence of stimulability. 

Changes in the size of the velopharyngeal orifice cannot be inferred based on 

the reductions in nasal airflow present during the blow-to-/sal task compared to the 

No Special Instructions condition. Perhaps, less nasal airflow was present for lsi in 

blow-to-/sal because, during this task, Subject 3 used less respiratory effort--rather 

than a smaller velopharyngeal orifice opening. However, the nasal airflows of 170 

and 190 cclsec during lsi in blow-to-/sal indicate that the orifice area was probably 

greater than 10 mm2 (Laine et al., 1988). 

Task E: Production of lsi by shaping from other obstruents. Tables 28 and 

29 give means and standard deviations of nasal airflow for lsi produced by Subject 

3 during the No Special Instructions condition and during Task E and indicate 

whether stimulability criteria (a) through (d) were met for Task E (Question IE). 

Parts 1 and 2 of Figure 11 give boxplots showing nasal airflow for lsi produced 

during the No Special Instructions condition and for lsi in 19/-to-/sal on Days 3 and 

4 respectively. Figure 12 gives boxplots showing nasal airflow for lsi produced 

during the No Special Instructions condition and for lsi in I S I-to-/sal on Days 3 

and 4. (Shaping lsi from It I , was not used because Subject 3 substituted Ikl for It I .) 
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Subject 3 had difficulty following the instructions to move gradually from 

181 and I S I to lsi. He stopped airflow between 191 or I S I and lsi and moved his 

tongue quickly from the 191 or I S I to lsi, rather than maintaining the oral 

airstream as while slowly moving his tongue toward the lsi. Therefore, to teach 

correct production of this task, Subject 3 was asked to prolong 191 (or I S I) briefly 

and then move his tongue gradually to "slide" into an lsi that was slightly 

prolonged. Subject 3 performed this movement five or more times. When it was 

judged that he performed this task variation with ease, he was then asked to move 

from 181 (or I S I) to Isa/. 

To assess Subject 3's performance during the slightly prolonged lsi at the 

end of the "slide," maximum nasal airflow was measured for each lsi prolongation. 

Means and standard deviations of these maximum nasal airflows for Is:1 following 

movements from 19:1 and I S :1 to Is:1 are reported in Tables 28 and 29 

respectively. The associated distributions are shown in Figures 11 and 12. Except 

as otherwise indicated, each boxplot represents the distribution of five repetitions of 

the task. 

Subject 3's performance of Task E, shaping lsi from 18/, was similar on 

Days 3 and 4 (Table 28 and Figure 11, Parts 1 and 2). Nasal airflow for lsi in 

19:/-to-/s:1 was highly variable. However, over a few trials, as Subject 3 began to 

do the "sliding-and-prolonging" movements consistently, the variability decreased 

and nasal airflow decreased to near zero. When Subject 3 was then asked to 

produce 18:/-to-/sa/, nasal airflow increased (Figure 11, Parts 1 and 2). 
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Neverthel~ss, on both Days 3 and 4, mean nasal airflows during the first five 

productions of this task were less than during all No Special Instructions conditions 

and the two distributions did not overlap (criteria (a) and (b) were met). Mean 

nasal airflows for lsi in 19/-to-/sal were not less than or equal to 10 cclsec 

(criterion (c) was not met), but the distributions of nasal airflow for lsi in this task 

did not overlap distributions of nasal airflow for lsi in the No Special Instructions 

on Days 3 through 6 (criterion (d) was met). This performance provided moderate 

evidence for stimulability. On Day 3, nasal airflow for lsi in the first five 

productions of 19:/-to-/sal varied from near zero to 170 cc/sec; for the next two 

productions of 19:/-to-/sa/, nasal airflow for lsi was 0 cclsec (Figure 11, Part 1). 

On Day 4, nasal airflow for lsi in 19/-to-/sal varied from 150 to 180 cclsec (Figure 

11, Part 2). Therefore, at least on Day 3 during the trials for which nasal airflow 

was at or near zero, the velopharynx was undoubtedly smaller than during the No 

Special Instructions condition. The lsi sounds produced during this task were 

perceived to be produced orally--rather than nasally--and oral articulation was 

perceived to be better than during productions of lsi under the No Special 

Instructions condition, making these lsi productions much improved over Subject 3's 

typical productions of lsi. 

Subject 3 more quickly learned to consistently move from I r :1 to Is:1 while 

maintaining oral airflow than he had learned to move from 19:1 to Is:/. Perhaps 

this is because the I r l-to-/s:1 task always came after the 19/-to-/s:1 task. However, 



the lsi produced in I J l-to-/s:1 was not articulated as accurately as was the lsi 

produced in 19/-to-/s:/. 
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On both Days 3 and 4, mean nasal airflows for lsi in I J I-to-/sal were less 

than mean nasal airflows during the No Special Instructions conditions and the data 

distributions did not overlap (criteria (a) and (b) were met; see Figure 12). Mean 

nasal airflows for lsi in I J I-to-/sal were 10 cc/sec on both testing days and the 

distributions of nasal airflow for lsi in this task did not overlap distributions of nasal 

airflow for lsi in the No Special Instructions on Days 3 through 6 (criteria (c) and 

(d) were met). This performance was taken as strong evidence for stimulability. 

The small nasal airflows measured during this task were probably associated with 

velopharyngeal closure that was better than closure reached during the No Special 

Instructions condition. 

Follow-up stimulability testing on Days 5 and 6. Because Subject 3 did not 

receive Tasks A and B for stop consonants, his stimulability testing for Tasks C, D, 

and E was completed in two days. However, he attended two sessions on Days 5 

and 6 primarily to ascertain whether his positive responses to Task E could be 

stabilized. Procedures for these days were generally analogous to procedures used 

during Days 3 and 4 for this subject. Some variations in procedures were 

introduced and these will be described briefly below. Some of the data from Days 5 

and 6 will be presented only in tables and some will be presented only in figures. 
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The following tasks were completed on Days 5 and 6: 

1. Shaping /s/ from oral blowing (Question ID). 

When Subject 3 performed this task on Days 3 and 4, nasal airflow was less 

than under the No Special Instructions condition, but it was still quite large. 

Therefore, two modifications of this task (described below) were performed 

to determine whether these variations of the blowing task would be 

accompanied by even smaller nasal airflows during lsi. 

2. Shaping /s/ from /9/ (Question IE). 

During stimulability testing on Days 3 and 4, nasal airflow was sometimes 

10 cc/sec or less when /s/ was shaped from / S / or /9/. However, Subject 

3's response to this task was variable, at least in part because he did not 

always perform the task correctly. He needed more training in this task than 

did the other subjects. Therefore, the primary purpose of Days 5 and 6 was 

to attempt to stabilize production of /s/ with little or no nasal airflow by 

shaping it from /9/. The /9/ sound was selected rather than / S / because 

oral articulation of /s/ was perceived to be more accurate when /s/ was 

shaped from /9/ than when it was shaped from / S /. 

The results of each of these tasks during Days 5 and 6 will now be described. 

On Day 5, two variations of Task D--shaping /s/ from oral blowing--were 

attempted. First, Subject 3 was instructed to move from oral blowing to /s:/. 

Second, he was instructed to move from oral blowing to /s:/ while also watching the 

computer screen and attempting to keep the nasal airflow trace flat throughout the 
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task. His performance under these variations of Task D on Day 5 was similar to his 

performance under Task D on Days 3 and 4. That is, nasal airflow was less under 

these variations of Task D than under the No Special Instructions condition. 

However, mean nasal airflow was still 130 cclsec or greater (see Table 30) and 

values of nasal airflow this large are probably associated with velopharyngeal orifice 

areas of at least 10 mm2 (Laine et al., 1988). On Day 6, Subject 3's mean nasal 

airflow for lsI in blow-to-ls:1 was initially 50 cclsec, but he did not maintain this 

relatively low flow rate over subsequent trials. Therefore, neither of the two task 

variations were accompanied by airflows smaller than nasal airflows associated with 

the original version of Task D administered on Days 3 and 4. 

Most of Days 5 and 6 was spent attempting to stabilize production of lsI with 

low nasal airflow by shaping it from 19/. To accomplish this, Subject 3 was asked 

to practice the following hierarchy of speech behaviors: 

1. 19:s:1 

2. 19:sal 

3. 19:sak/ 

Practice on Days 5 and 6 began with 19:s:1 because during Days 3 and 4, 

Subject 3 demonstrated that he could achieve low nasal airflows for lsI in 19/-to-ls:1 

when he maintained the oral egressive airstream as he moved from 191 to lsI. 

However, to do this, he needed to be reminded to move his tongue tip the short 

distance from the 191 to the lsI, rather than moving it back quickly to his typical 

articulatory posture for his distorted lsI. 
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When Subject 3 accomplished 5 or 10 consecutive trials of a task with nasal 

airflow less than 50 cc/sec, he was instructed to practice the next-most-difficult 

behavior. Sometimes, he was instructed to watch the nasal airflow trace on the 

computer screen and to keep the trace flat. 

Figure 13, Parts 1 and 2, shows boxplots of nasal airflow during lsI under 

the No Special Instructions condition and during consecutive trials of Task E, 18/

to-/sa/, and its variations on Day 5. Figure 14, Parts 1 and 2, show boxplots 

during consecutive trials of this practice during Day 6. Each boxplot represents the 

distribution of five consecutive responses. Briefly, several findings can be noted 

from the boxplots in Figures 13 and 14: 

1. On Day 5, nasal airflow during all variations of 18/-to-/sal was less than 

nasal airflow during lsI produced under the No Special Instructions 

condition. The same was true for most of the productions of these 

variations on Day 6 as well (exceptions are the highest values in the 

last two boxplots of Figure 14, Part 1, and the highest values of nasal 

airflow in the next-to-Iast boxplot of Figure 14, Part 2). 

2. When this practice began on Day 5, Subject 3 successfully maintained 

low nasal airflow during 18:s:1 and IS:sal (see Figure 13, Part 1). 

During his first production of 18:sa/, nasal airflow for lsI was 

relatively high (third boxplot on Figure 13, Part 1, point marked with 

a filled circle). However, his next four consecutive responses again 

had relatively low nasal airflow (60 cc/sec or less for the last four 



trials in that group of five). And, he maintained nasal airflow less 

than 70 cclsec for several more trials of 19:sal (fourth and fifth 

boxplots of Figure 13, Part 1). 
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3. On Day 5, when Subject 3 was initially asked to produce 19:sakl, his 

nasal airflow was 20 cclsec (lowest value in the first boxplot of 

Figure 13, Part 2). On subsequent attempts, nasal airflow was much 

greater. 

4. Returns to tasks on lower levels of the hierarchy were usually associated 

with lower nasal airflows (e.g., Figure 13, Part 2). 

5. On Day 6, nasal airflow was higher during 19:s:1 than it had been on 

Day 5 (cf. Figure 13, Part 1, and Figure 14, Parts 1 and 2). 

6. When Subject 3 was instructed to watch the nasal airflow trace on the 

computer screen and keep the trace flat as he practiced the tasks on 

Day 6, his nasal airflow usually either stayed approximately the same 

or increased (Figure 14, Parts 1 and 2). 

Summary for Subject 3. Subject 3 often achieved velopharyngeal closure 

during production of stop consonants. Therefore, he did not receive Tasks A and 

B. His nasal airflow during lsi was consistently higher than nasal airflow for other 

fricative sounds, and he received Tasks C, D, and E for eliciting improved 

velopharyngeal function during lsi. Task C, increasing intraoral air pressure and 

slowing syllable repetition rate, provided no evidence of stimulability. Task D, 

producing lsi following oral blowing, was associated with moderate evidence for 
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stimulability on both testing days; however, the amount of airflow during this task 

was still over 150 cclsec, and whether the velopharyngeal 

orifice was reduced in size was unknown. Only Task E appeared to result in 

substantially reduced nasal airflow, although performance under this condition was 

variable. When lsi was shaped from 191 and I S I in Task E, nasal airflow was 

always smaller than under the No Special Instructions condition and was sometimes 

at or near zero. The 19/-to-/sal task was associated with moderate evidence for 

stimulability on both testing days, and the I S I-to-/sal task was associated with 

strong evidence for stimulability on both testing days. Articulation of lsi was 

perceived to be most accurate during the 19/-to-/sal task. 

Because Subject 3 appeared to show improved velopharyngeal closure during 

tasks for lsi, his stimulability for improved closure was further assessed on the last 

two days of the study to ascertain whether his improved velopharyngeal response 

could be stabilized. On Days 5 and 6, nasal airflows for lsi in 19/-to-/sl were 

reduced and many of the nasal airflows were near zero. Nevertheless, the 

inconsistency of the response was also obvious. That is, improvement in 

velopharyngeal performance first observed during Days 3 and 4 was not stabilized 

during the trials provided on Days 5 and 6. 



Subject 4 

History 

Subject 4 was a 13-year-old boy who was referred by his school speech

language clinician for participation in this study. He had a repaired cleft lip and 

palate on the left side and a pharyngeal flap. 
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Subject 4' s mother could not recall when his lip and soft palate were 

repaired, but both operations occurred when he was very young. Delayed repair of 

the hard palate cleft was planned, so the opening in the hard palate was covered 

with a prosthesis. When Subject 4 was 4 years of age, surgeons constructed a 

pharyngeal flap. 

The hard palate was repaired when Subject 4 was 8 years, 6 months, of age. 

At that time, his flap was also reduced because he reportedly produced loud sounds 

as he breathed during sleep and breathed with an open mouth when awake. 

At age 11 years, bone was grafted to the alveolar cleft in an attempt to assist 

an unerupted canine tooth to move into the cleft area. During his participation in 

this study, he wore a maxillary expansion device. 

Subject 4 received speech and language therapy at his school from the time 

he was a preschooler until he was about 11 years old. His therapy included 

auditory feedback of the sound of air escaping nasally during production of the 

pressure consonants. In addition, he practiced "overarticulating" and using 

increased loudness during spontaneous speech. At the time he was dismissed from 

therapy, his clinician stated that he articulated speech sounds correctly but she 
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continued to perceive audible nasal emission during stop and fricative consonants in 

his spontaneous speech. She noted that he sometimes produced pressure sounds 

orally during practice in therapy, but he did not consistently reduce the nasal 

emission in his spontaneous speech. 

Subject Characteristics 

Subject 4 produced Ipl, lsi, 19/, It I , If I , and I S I in the list of words given 

in Appendix E. When his nares were occluded, articulation of these sounds in 

single words was perceived to be correct. 

Results of the speech mechanism examination are summarized in Table 4. 

Subject 4 had a narrow maxillary arch and at least one anterior tooth was missing in 

the area of the repaired cleft. 

Nasal pathway resistance on Day 1 was estimated to be 5.4 cm H20/LPS and 

on Days 1 through 6 ranged from a low of 2.0 cm H20/LPS on Day 6 to a high of 

9.2 cm H20/LPS on Day 5. According to Smith et al. (1985), resistance in this 

range should allow accurate estimation of velopharyngeal orifice areas at least as 

large as 28 mm2
• 

On Day 2, Subject 4 prolonged Is:1 and If:1 and blew orally. His 

velopharyngeal orifice areas during these 1.5- to 2.0-second prolongations ranged 

from 0.8 mm2 to 1.4 mm2
• 

Subject 4 passed a bilateral pure-tone screening of hearing acuity at 500, 

1000, 2000, and 4000 Hz at 30 dB HL (Table 5). 
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Nonverbal intelligence was within the nonnal range. Subject 4 received a 

raw score of 18 on the TONI, which placed him at the 31th percentile when 

compared to other children age 12 years, 6 months, to 14 years, 11 months (Table 

5). 

Estimates of velopharyngeal orifice area and measures of nasal airflow were 

made for several consonants in strings of syllables or words produced without 

special instructions on Days 1 and 2. Table 31 contains the means, standard 

deviations, and ranges of these areas and nasal airflows. 

Mean estimated velopharyngeal orifice areas for Subject 4 ranged from 1.3 

mm2 for I S I in I S al to 11.1 mm2 for Ipl in Ihremper/. Subject 4's highest area 

values were for Ipl in Ipal and Ihremperl on Day 1. These areas ranged as high as 

18.2 and 15.1 mm2
, which Warren (1989) considers indicative of borderline

inadequate velopharyngeal closure. However, velopharyngeal orifice areas for most 

pressure sounds produced on Day 2, including Ipl in Ihremper/, were less than 4.0 

mm2, which Warren considers adequate. 

At the beginning of sessions on Days 3 through 6, Subject 4 produced Ipal 

and Isal in single syllables and in syllable strings without special instructions. Mean 

estimated velopharyngeal orifice areas for Ipl in Ipal are reported in Table 32 and 

areas for lsi in Isal are reported in Table 33. In addition, estimated velopharyngeal 

orifice areas for Ipl in Ipal and lsi in Isal produced during Days 1 and 2 (as 

reported in Table 31) are repeated in Tables 32 and 33. The mean areas for Ipl 

ranged from a low of 2.3 mm2 on Day 2 to highs of 9.9 mm2 and 7.3 mm2 on Days 
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1 and 5. The mean areas for lsi ranged from a low of 2.1 mm2 for lsi on Day 2 to 

a high of 6.3 mm2 on Days 2 and 5. 

Aerodynamic Measures of Velopharyngeal Function under the Stimulability Task 

Conditions 

Task A: Production of Ipl with greater intraoral air pressure and at a slower 

rate. Table 34 presents the means and standard deviations of Subject 4's estimated 

velopharyngeal orifice areas for Ipl produced during the No Special Instructions 

condition and Task A and indicates whether stimulability criteria (a) through (e) 

were met for each step of Task A (Question lA). The mean areas for Ipl under the 

steps of Task A were sometimes less than the mean areas for Ipl under the No 

Special Instructions condition (criterion (a) was met for some steps of Task A). 

However, there was overlap between the areas for Ipl in the steps of Task A and the 

areas for Ipl in the corresponding No Special Instructions condition (criterion (b) 

was not met for any of the steps of Task A). Therefore, Subject 4's performance of 

Task A provided no evidence of stimulability. 

Task B: Production of Ipl by shaping from blowing. Table 35 presents the 

means and standard deviations of Subject 4' s estimated velopharyngeal orifice areas 

for Ipl produced during the No Special Instructions condition and Task Band 

indicates whether stimulability criteria (a) through (e) were met for each step of 

Task B (Question IB). 

On Day 3, mean velopharyngeal area for Ipl in lupal (Step 1 of Task B) was 

not less than mean area for Ipl in the No Special Instructions condition (criterion (a) 
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was not ~et). Mean area for Ipl in blow-to-/pal (Step 2 of Task B) was less than 

mean area for Ipl in Ipal under the No Special Instructions condition and there was 

no overlap between these two conditions (criteria (a) and (b) were met). Mean area 

under this step of Task B was not less than 1 mm2 (criterion (c) was not met). 

Nevertheless, there was no overlap between the data distributions for Step 2 of Task 

B and the No Special Instructions conditions on any of the testing days (criterion (d) 

was met). Also, there was no overlap between the distributions for Step 1 and Step 

2 of Task B (criterion (e) was met). This performance provided moderate evidence 

of stimulability. 

On Day 4, the mean area for Ipl in lupal was less than the mean area for Ipl 

in the No Special Instructions condition and there was little overlap between the 

distributions for these conditions (criteria (a) and (b) were met). The mean area for 

Ipl in blow-to-/pal was less also than the mean area for Ipl in the No Special 

Instructions condition, but the data distributions overlapped (criterion (a) was met, 

but (b) was not). Therefore, there was no evidence of stimulability on Day 4. 

Task C: Production of lsi with greater intraoral air pressure and at a slower 

rate. Table 36 gives the means and standard deviations of Subject 4's estimated 

velopharyngeal orifice areas for lsi produced during the No Special Instructions 

condition and during Task C and indicates whether stimulability criteria (a) through 

(e) were met for Task C (Question lC). 

Mean areas for lsi in all steps of Task C were less than those in the 

corresponding No Special Instructions condition (criterion (a) was met). On both 
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Days 5 and 6, all velopharyngeal areas for lsI produced with greater intraoral air 

pressure in Isal (Step 2 of Task C) were smaller than all, or all but one, of the areas 

for lsI produced in the No Special Instructions condition on the same day (criterion 

(b) was met). However, mean areas for lsI in Step 2 of Task C were not less than 

1 mm2 and the distribution of areas overlapped the distributions of areas for lsI in 

the No Special Instructions conditions on other testing days (criteria (c) and (d) were 

not met). Therefore, on both testing days, areas for lsI in Step 2 of Task C were 

taken as weak evidence for stimulability. 

On both Days 5 and 6, areas for lsI in Step 1 of Task C (producing Isal 

strings at a slower rate) overlapped areas for lsI in the corresponding No Special 

Instructions conditions on the same day (criterion (b) was not met). Similarly, areas 

for lsI produced in Step 3 of Task C (producing Isal strings at a slower rate and 

with greater intraoral air pressure) overlapped areas under the corresponding No 

Special Instructions conditions (criterion (b) was not met). Thus, there was no 

evidence of stimulability under Steps 1 and 3 of Task C. 

Task D: Production of lsI by shaping from blowing. Table 37 gives the 

means and standard deviations of Subject 4' s estimated velopharyngeal orifice areas 

for lsI produced during the No Special Instructions condition and during Task D and 

indicates whether stimulability criteria (a) through (e) were met for Task D 

(Question ID). 

Subject 4' s performance under this condition was similar to his performance 

under Task B. On one of the days of stimulability testing, Day 5, mean areas 
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during lsi in lupal and in blow-to-Isal were smaller than areas for lsi in the No 

Special Instructions condition (criterion (a) was met). However, distributions of lsi 

area in blow-to-/sal overlapped the distribution of areas for the No Special 

Instructions condition (criterion (b) was not met). Therefore, there was no evidence 

of stimulability under Task B on Day 5. 

On Day 6, mean velopharyngeal orifice area for lsi in blow-to-Isal was less 

than mean area for lsi in the No Special Instructions condition and there was no 

overlap between the two raw data distributions (criteria (a) and (b) were met). For 

Day 6, mean area for lsi in blow-to-/sal was not less than I mm2 (criterion (c) was 

not met), and areas for lsi in this task overlapped areas for lsi in No Special 

Instructions on other testing days. Nevertheless, areas for lsi in blow-to-/sal were 

less than areas for lsi in lusal (criterion (e) was met). Therefore, Subject 4's 

performance under Step 2 of Task D provided moderate evidence of stimulability on 

Day 6. 

Task E: Production of lsi by shaping from other obstruents. Table 38 gives 

means and standard deviations for Subject 4's estimated velopharyngeal orifice areas 

for lsi produced during the No Special Instructions condition and during Task E and 

indicates whether stimulability criteria (a) through (d) were met for Task E 

(Question IE). For Subject 4, lsi was shaped from I S I in Task E. On both testing 

days, mean areas for lsi in Task E were less than mean areas under the No Special 

Instructions condition (criterion (a) was met). The distributions overlapped on Day 

5 but not on Day 6 (criterion (b) was not met on Day 5, but was met on Day 6). 



However: the other stimulability criteria were not met. Therefore, Subject 4's 

performance provided weak evidence for stimulability on one testing day. 
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SummarY for Subject 4. Results for Ipl under Task A and lsi under Task C 

were similar: Increasing intraoral air pressure and slowing syllable repetition rate 

were not accompanied by reduced velopharyngeal orifice areas for either Ipl or lsI. 

However, increasing intraoral air pressure for lsI in single-syllable productions of 

Isal was associated with weak evidence of stimulability. Results for Task Band D 

were also similar: On one day of stimulability testing for Task B (blow-to-pa) and 

on one day of testing for Task D (blow-to-sa), Subject 4' s velopharyngeal areas 

provided moderate evidence of stimulability. Shaping lsi from I S I was associated 

with weak evidence for stimulability on one testing day. 

Subject 5 

HistorY 

Subject 5 was a girl of age 5 years, 9 months. She had been referred by a 

local speech-language pathologist. According to her mother, the child had received 

a total of about 2 112 years of speech therapy, which included practice of the sounds 

Ipl and lsi. 

Subject 5 first received speech therapy when she was 3 years, 2 months, of 

age. Her speech-language clinician perceived that her speech was nasalized and 

referred her for aeromechanic assessment of velopharyngeal function for speech. 

This assessment was performed by the experimenter when Subject 5 was 3 

years, 6 months, of age. At that time, Subject 5's mother also reported that since 
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infancy the child breathed very loudly when sleeping and breathed with her mouth 

open when awake. The pressure-flow examination provided evidence for nasal 

obstruction as well as velopharyngeal incompetence for speech. However, because 

of the nasal obstruction, the degree of velopharyngeal dysfunction could not be 

ascertained. Furthermore, examination of her palate led us to question whether a 

submucous cleft was present. We recommended medical examination of her palate, 

velopharyngeal function, and breathing difficulty. 

Subsequently, a local craniofacial disorders team confirmed the presence of a 

submucous cleft and the cleft was repaired using a push-back procedure when 

Subject 5 was 4 years, 2 months, of age. Her speech-language clinician reported 

that her speech improved greatly following the surgery. However, she noted that 

her speech was intermittently "hypernasal" during fricatives and mildly denasal in 

general. In addition, Subject 5 inconsistently substituted stop consonants for 

fricative consonants. 

At age 4 years, 10 months, of age, Subject 5 began receiving speech

language services at her preschool. Her preschool clinician perceived nasal 

emission during some oral pressure consonants and a "muffled, denasal quality." 

She also judged that Subject 5 demonstrated a mild receptive and expressive 

language problem. When Subject 5 was 5 years, 7 months, of age, her clinician 

referred her for reevaluation of her velopharyngeal function for speech and for 

participation in this study. 
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Subject 5's mother said that her child's speech greatly improved as a result 

of the speech therapy and palatal surgery. However, she indicated that Subject 5 

snored as loud or louder than she had prior to the operation. She said that Subject 

5' s degree of nasal congestion varied from day to day. 

Subject 5 was reportedly able to drink through a straw. However, 

occasionally when she drinks, the liquids leak out her nose. 

According to her mother, Subject 5 had been treated for allergies, but her 

adenoids had not been removed. Subject 5 also had a history of chronic intermittent 

otitis media and conductive hearing loss. 

Subject Characteristics 

Subject 5 produced Ipl, lsi, lei, It I , If I , and I S I in the list of words given 

in Appendix E. When her nares were occluded, articulation of all of these sounds 

in single words was perceived to be correct. 

Results of the speech mechanism examination are summarized in Table 4. 

Nasal pathway resistance on Day 1 was estimated to be 4.7 cm H20/LPS and 

on Days 1 through 6 ranged from a low of 2.6 cm H20/LPS on Day 3 to a high of 

8.9 cm H20/LPS on Day 5. According to Smith et al. (1985), resistance as high as 

8.9 cm H20/LPS should allow accurate estimation of velopharyngeal orifice areas at 

least as large as 28 mm2 • 

On Day 2, Subject 5 prolonged Is:1 and If:1 and blew orally. Her 

velopharyngeal orifice areas were 0.0 to 3.0 mm2 during prolongations and blowing 

lasting approximately 2 seconds. 



Subject 5 passed a bilateral pure-tone screening of hearing acuity at 500, 

1000, 2000, and 4000 Hz at 30 dB HL (Table 5). 
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Nonverbal intelligence was within the normal range. On the TONI Subject 5 

received a raw score 5, which placed her at the 48th percentile when compared to 

other children age 5 years, 0 months, to 5 years, 11 months (Table 5). 

Estimates of velopharyngeal orifice area and measures of nasal airflow were 

made for several consonants in strings of syllables or words produced without 

special instructions on Days 1 and 2. Table 39 contains the means, standard 

deviations, and ranges of these areas and nasal airflows. Mean estimated 

velopharyngeal orifice areas are given only for Ipl in Ipal and Ihremperl and for If I 

in Ifal and Ihremferl because the maxillary tube used to detect intraoral air pressure 

during other obstruents could not be maintained in place for Subject 5. Therefore, 

Table 39 gives mean nasal airflows (Laine et aI., 1988) during lsi in Isal, It I in Ital, 

I f I in I f ai, and 191 in leal, as well as mean nasal airflows during Ipl and If I . 

However, nasal airflow could not be measured during lsi in lrenserl because, 

without the measurement of intraoral air pressure during the lsi, the location of lsi 

on the airflow trace could not be identified. 

Velopharyngeal orifice area was estimated for If I in Ihremferl to obtain an 

area estimate for a fricative that was adjacent to a nasal consonant, because this 

could not be done for lsi. Intraoral air pressure for If I was obtained in the same 

manner as it was for Ipl (Andreassen et aI., 1992). 
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First, mean estimated velopharyngeal orifice areas on Days 1 and 2 will be 

described (Table 39). Mean estimated velopharyngeal orifice area Ipl in Ihremperl 

was 0.5 mm2 on Day 1 and 1.1 mm2 on Day 2. Mean area for If I in Ihremferl was 

9.0 mm2 on Day 2. According to Warren's (1989) categories of velopharyngeal 

competency, these areas for Ipl in Ihremperl represented adequate velopharyngeal 

closure and this area for If I represented adequate-borderline velopharyngeal closure. 

Next, mean nasal airflows measured on Days 1 and 2 will be described (see 

Table 39). Mean nasal airflows in consonant-vowel syllables produced in strings 

ranged from lows of 40 to 60 cclsec during Ip/, Itl, and 18/, to highs of 100 to 180 

cclsec during lsI, If I , and I S I. Nasal airflows greater than 125 cclsec are likely to 

be associated with velopharyngeal orifice areas greater than 10 mm2 (Laine et al., 

1988). 

Subject 5' s stimulability for improved velopharyngeal closure was tested for 

Ipl and If I. The sound If I was chosen instead of lsI because it was possible to 

estimate velopharyngeal orifice area during If I . At the beginning of sessions on 

Days 3 through 6, Subject 5 produced Ipal and Ifal in single syllables and in 

syllable strings without special instructions. Mean estimated velopharyngeal orifice 

areas for Ipl in Ipal are reported in Table 40 and areas for If I in Ifal are reported in 

Table 41. In addition, mean areas for Ipl in Ipal and mean nasal airflows for If I in 

Ifal produced during Days 1 and 2 (as reported in Table 39) are repeated in Tables 

40 and 41. Table 40 shows that mean areas during Ipl ranged from a low of 1.4 

mm2 for Ipl in syllable strings to a high of 4.1 mm2 for Ipl in single syllables. 
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Table 41 shows that areas during If I ranged from a low of 2.3 mm2 to a high of 8.2 

mm2
, both for If I produced in syllable strings. 

Aerodynamic Measures of Velophal}'ngeal Function under the Stimulability Task 

Conditions 

Task A: Production of Ipl with greater intraoral air pressure and at a slower 

rate. Table 42 gives the means and standard deviations of Subject 5' s estimated 

velopharyngeal orifice areas for Ipl produced during the No Special Instructions 

condition and during Task A and indicates whether stimulability criteria (a) through 

(e) were met for Task A (Question lA). 

On both Days 5 and 6, mean velopharyngeal area for Ipl produced with 

greater intraoral pressure in single syllables (Step 2 of Task A) was smaller than 

mean area for Ipl produced in the No Special Instructions condition (criterion (a) 

was met). In addition, on both Days 5 and 6, the areas under Step 2 of Task A 

showed little or no overlap with the areas during any of the corresponding No 

Special Instructions conditions and mean area under Step 2 was less than 1 mm2 

(criteria (b), (c), and (d) were met). Therefore, Subject 5's performance provided 

strong evidence for stimulability on both Days 5 and 6 when Ipl in Ipal was 

produced with greater intraoral air pressure. On Day 5, mean nasal airflow was 

reduced from 40 cc/sec under the No Special Instructions condition to 10 cc/sec 

under Step 2 of Task A; on Day 6, mean nasal airflow was reduced from 70 cc/sec 

to 20 ccl sec. 



207 

Evidence of stimulability associated with Steps 1 and 3 of Task A was not as 

strong as that for Step 2. On both Days 5 and 6, mean areas for Ipl in Step 1 

(producing Ipal strings at a slower rate) and Step 3 (producing Ipal strings at a 

slower rate and with greater intraoral air pressure) were smaller than the mean areas 

under the No Special Instructions condition (criterion (a) was met). However, areas 

for Ipl in Step 1 on both days and in Step 3 on Day 5 overlapped areas for Ipl in 

the No Special Instructions condition (criterion (b) was not met). Therefore, 

Subject 5' s areas for Step 1 on both Days 5 and 6 and for Step 3 on Day 5 provided 

no evidence of stimulability. 

For Step 3 on Day 6, only one area for Ipl overlapped areas under the No 

Special Instructions condition on that day (criterion (b) was met). Furthermore, 

mean area for Ipl under Step 3 on Day 6 was less than 1 mm2 (criterion (c) was 

met). However, areas for Ipl in Step 3 overlapped areas under the No Special 

Instructions condition on other days of the study and also areas in Step 1 (criteria 

(d) and (e) were not met). Therefore, Step 3 on Day 6 was associated with 

moderate evidence for stimulability. 

Task B: Production of Ipl by shaping from blowing. Table 43 gives the 

means and standard deviations of Subject 5' s estimated velopharyngeal orifice areas 

for Ipl produced during the No Special Instructions condition and during Task Band 

indicates whether stimulability criteria (a) through (e) were met for Task B 

(Question IB). 
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On both Days 5 and 6, velopharyngeal areas for /p/ in /upa/ were smaller 

than areas under the No Special Instructions condition and the distributions did not 

overlap (criteria (a) and (b) were met). In addition, mean area for /p/ in /upa/ was 

less than 1 mm2 and areas for /p/ in this context were smaller than all, or all but 

one, of the areas for /p/ produced without special instructions on other days of the 

study (criteria (c) and (d) were met). Therefore, areas for /p/ in /upa/ were clearly 

smaller than areas for /p/ produced without special instructions. 

On both Days 5 and 6, velopharyngeal areas for /p/ in blow-to-/pa/ were 

smaller than areas for /p/ in the No Special Instructions on the respective day 

(criterion (a) was met). In addition, on Day 5, mean area for /p/ in blow-to-/pa/ 

was less than 1 mm2 and only one value of area for /p/ in blow-to-/pa/ overlapped 

the distributions of area for the No Special Instructions conditions of the study 

(criteria (b), (c), and (d) were met). However, on Day 5, areas during /p/ in blow

to-/pa/ were not smaller than areas during /p/ in /upa/ (criterion (e) was not met). 

On Day 6, areas for /p/ in blow-to-/pa/ overlapped areas for /p/ in the No Special 

Instructions on the same day (criterion (b) was not met). Therefore, producing /p/ 

following oral blowing was associated with moderate evidence for stimulability on 

Day 5 but no evidence for stimulability on Day 6. However, even on Day 5, 

producing /p/ after oral blowing was not associated with velopharyngeal areas that 

were clearly smaller than areas for /p/ produced next to a high back vowel. 

Task C: Production of /f/ with greater intraoral air pressure and at a slower 

rate. Table 44 gives the means and standard deviations of Subject 5's estimated 
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velopharyngeal orifice areas for If I produced during the No Special Instructions 

condition and during Task C and indicates whether stimulability criteria (a) through 

(e) were met for Task C (Question IC). 

Subject 5' s performance under Task C was similar to her performance under 

Task A. That is, on both Days 3 and 4, her mean velopharyngeal areas for If I 

produced with increased intraoral air pressure in Ifal (Step 2 of Task C) were 

smaller than mean areas for If I in the No Special Instructions condition and the data 

distribution for these two conditions did not overlap (criteria (a) and (b) were met). 

In addition, her mean velopharyngeal area under Step 2 of Task C was less than I 

mm2 on Day 3 and slightly above I mm2 on Day 4 (criterion (c) was met on Day 3 

but not on Day 4). On both Day 3 and 4, none of the areas for If I produced with 

greater intraoral air pressure in Ifal overlapped areas for If I produced without 

special instructions on other days of the study (criterion (d) was met). Therefore, 

Subject 5 demonstrated strong evidence for stimulability on Day 3 and moderate 

evidence for stimulability on Day 4. On Day 3, mean nasal airflow during If I 

reduced from 90 cc/sec under the No Special Instruction to 20 cc/sec under Step 2 

of Task C; on Day 4, mean nasal airflow reduced from 100 cc/sec under the No 

Special Instructions condition to 40 cc/sec under Step 2. 

On both Days 3 and 4, mean areas for If I in Step I (producing Ifal strings at 

a slower rate) and Step 3 (producing Ifal strings at a slower rate and with greater 

intraoral air pressure) were smaller than mean areas under the No Special 

Instructions condition (criterion (a) was met). However, areas for If I in Steps I and 
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3 overlapped areas for If I in the No Special Instructions condition (criterion (b) was 

not met). Thus, Subject 5's performance under Steps I and 3 of Task C provided 

no evidence for stimulability. 

Task D: Production of If I by shaping from blowing. Table 45 gives means 

and standard deviations for Subject 5's estimated velopharyngeal orifice areas for If I 

produced during the No Special Instructions condition and during Task D and 

indicates whether stimulability criteria (a) through (e) were met for Task D 

(Question ID). 

On both Days 3 and 4, mean velopharyngeal area for If I in lufal was smaller 

than mean area for If I in the No Special Instructions conditions (criterion (a) was 

met). However, the data distributions for the two conditions overlapped (criterion 

(b) was not met). Therefore, area during If I in lufal was not clearly different from 

area during If I in the No Special Instructions condition. 

On both Days 3 and 4, mean area for If I in blow-to-/fal was smaller than 

mean area for If I in the No Special Instructions condition (criterion (a) was met). 

For Day 3, only one area for If I in blow-to-/fal overlapped areas for If I produced 

without special instructions on any day of the study (criteria (b) and (d) were met). 

Mean area for If I in blow-to-/fal was greater than I mm2 (criterion (c) was not 

met); however, only one area for If I was greater than I mm2
• Finally, one area for 

If I in blow-to-/fal overlapped the distribution of areas for If I in lufal (criterion (e) 

was met). Therefore, there was moderate evidence for stimulability on Day 3. On 

the other hand, on Day 4, areas for If I in blow-to-/fal overlapped areas for If I 
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produced in the No Special Instructions condition (criterion (b) not met) and, thus, 

there was no evidence for stimulability under this condition on Day 4. 

Summary for Subject 5. Tasks A and C had similar effects: When Ipl in 

Ipal and If I in Ifal were produced with greater-than-typical intraoral air pressure 

(Step 2 of Tasks A and C), Subject 5 demonstrated strong or moderate evidence of 

stimulability. However, simultaneously increasing intraoral air pressure and 

slowing syllable repetition rate of Ipal and Ifal strings usually yielded no evidence 

of stimulability. Tasks Band D also had similar effects: Shaping Ipl from oral 

blowing and shaping If I from blowing were each associated with moderate evidence 

of stimulability on one testing day and no evidence of stimulability on the other 

testing day. 

Subject 6 

History 

Subject 6 was a boy of age 8 years, 4 months. He was referred for 

participation in this study by a local craniofacial disorders evaluation team and by 

his school speech-language clinician. 

Subject 6 was born with a bilateral cleft of the lip and palate associated with 

Van der Woude syndrome. His mother could not recall the dates of various 

operations to repair the lip and palate. The craniofacial disorders team report of an 

evaluation conducted when Subject 6 was 6 years, 2 months, of age indicated that 

he had a "partially repaired bilateral cleft lip and palate." At that time, he had had 

four operations to repair and revise his lip. He was wearing a prosthesis to cover a 



large max,illary fistula. His speech was hypernasal with nasal emission during 

fricatives. In addition, he demonstrated severe lateral distortion of lsI, Iz/, I S I, 
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It S I, and Id,l. Reportedly, Subject 6's speech was perceived to be essentially the 

same whether the prosthesis was in or out. The team recommended that Subject 6 

receive operations to close the fistula when he was between 8 and 9 years of age. 

When Subject 6 was 7 years, 10 months, of age the hard palate opening was 

closed with a tongue flap procedure. The surgeon noted that Subject 6's tonsils 

were large and wondered whether they were acting as a "passive velopharyngeal 

obturator. " 

Two months prior to his participation in this study, Subject 6 received a bone 

graft to the alveolar ridge. His speech-language clinician stated that his speech 

continued to be hypernasal, with intermittent nasal emission perceptible during 

pressure consonants. 

Subject 6's mother indicated that his adenoids had not been removed. She 

also reported that he has not had a history of hearing difficulty. 

Subject Characteristics 

Subject 6 produced Ipl, lsI, 19/, It I , If I , and I S I in the list of words given 

in Appendix E. When his nares were occluded, articulation of Ipl, It I , If I , and 191 

in single words was perceived to be correct. Productions of lsI and I S I were 

severely lateralized. 

Results of the speech mechanism examination are summarized in Table 4. 
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Nasal pathway resistance on Day 1 was estimated to be 4.2 cm H20/LPS and 

on Days 1 through 6 ranged from a low of 2.6 cm H20/LPS on Day 3 to a high of 

7.6 cm H20/LPS on Day 4. According to Smith et al. (1985), resistance values in 

this range should allow accurate estimation of velopharyngeal orifice areas at least 

as large as 28 mm2
• 

On Day 2, Subject 6 prolonged Is:1 and If:1 and blew orally. His 

velopharyngeal orifice area was 0 mm2 during prolongations and blowing lasting 

approximately 1.5 to 2.0 seconds. 

Subject 6 passed a bilateral pure-tone screening of hearing acuity at 500, 

1000, 2000, and 4000 Hz at 30 dB HL (Table 5). 

Nonverbal intelligence was within the normal range. Subject 6 received a 

raw score of 18 on the TONI, which placed him at the 75th percentile when 

compared to other children age 7 years, 0 months, to 8 years, 5 months (Table 5). 

Estimates of velopharyngeal orifice area and measures of nasal airflow were 

made for several consonants in strings of syllables or words produced without 

special instructions on Days 1 and 2. Table 46 contains the means, standard 

deviations, and ranges of these areas and nasal airflows. 

Mean estimated velopharyngeal orifice areas for Subject 6 ranged between 0 

mm2, which represents normal performance, to 6.3 mm2
, which Warren (1989) 

considers indicative of adequate-borderline velopharyngeal closure. Areas were 

slightly larger for Ipl and lsi when these consonants were adjacent to nasal 

consonants. As can be seen in Table 46, for Days 1 and 2, the largest 
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velopharyngeal orifice areas in consonant-vowel syllables were estimated for It I and 

I S I. Therefore, on Day 2 these sounds were selected to be the context for 

stimulability testing for Subject 6. 

At the beginning of sessions on Days 3 through 6, Subject 6 produced Ipl, 

It!, lsi, and I S I in single syllables and in syllable strings without special 

instructions. Mean estimated velopharyngeal orifice areas for these pressure 

consonants are reported in Tables 47, 48, 49, and 50. In addition, mean 

velopharyngeal areas computed for these sounds produced during Days 1 and 2 (as 

reported in Table 46) are repeated in these tables. The data in Tables 47 and 49 

show that Subject 6's mean areas for Ipl and lsi stayed below 2 mm2 throughout the 

study. As seen in Tables 48 and 50, his estimated areas for It! and I S I decreased 

across the sessions. Because estimated areas for It I were very small on Day 4, it 

was decided to forgo testing stimulability for this sound. Instead, on Day 5, 

stimulability was tested for lsi, which had a mean area slightly larger than that for 

It!. However, on Day 6, a third session of stimulability testing was provided for 

I S I. This was done because I S I seemed to be the sound for which Subject 6 

consistently had the greatest areas even though mean areas for this sound were 

relatively small, ranging from less than 1 mm2 to 2.3 mm2
• 

Aerodynamic Measures of Velopharyngeal Function under the Stimulability Task 

Conditions 

Tables 51, 52, 53, 54, and 55 present the means and standard deviations of 

Subject 6's estimated velopharyngeal orifice areas for I S I or lsi produced during 
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the No S~ecial Instructions and during the stimulability tasks. To provide answers 

to questions lC through IE, these tables indicate whether stimulability criteria (a) 

through (e) were met for the tasks. After analyzing whether these criteria were 

met, Subject 6' s performance relative to an additional criterion will also be 

considered. 

Task C, producing consonants with greater intraoral air pressure and at a 

reduced rate, had no effect on velopharyngeal orifice areas for either I S I or lsi. 

As seen in Tables 51 and 52, there were no task steps for which stimulability 

criteria (a) and (b) were both met. 

On Days 3 and 6, Task D, shaping I S I from oral blowing was accompanied 

by strong evidence for stimulability (Table 53). In addition, on Day 5, shaping lsi 

from blowing was also associated with strong evidence for stimulability (Table 54). 

On these days, areas for I S I and lsi preceded by blowing were smaller than areas 

in the corresponding No Special Instructions condition and the distributions of areas 

for the blowing task did not overlap the distributions of areas for the No Special 

Instructions condition (criteria (a) and (b) were met). Mean areas for I S I and lsi 

on these days were less than 1 mm2 (criterion (c) was met). Finally, all, or all 

except one, of the areas for the blowing task were smaller than areas for the No 

Special Instructions condition on other days of the study and for the consonant 

preceded by lui (criteria (d) and (e) were met). This positive response to Task D 

was not seen during stimulability testing for I S I on Day 4. 
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On Day 6, velopharyngeal orifice areas for / J / under Task E, shaping 

/ J / from leI, provided moderate evidence for stimulability (Table 55). Mean 

areas for / J / in the shaping task were smaller than mean areas for / J / under the 

No Special Instructions condition and the distributions for these two conditions did 

not overlap (criteria (a) and (b) were met). In addition, mean areas for / J / in the 

shaping task were less than 1 mm2 (criterion (c) was met). However, areas for the 

shaping task did overlap areas for the No Special Instructions condition on other 

days of the study (criterion (d) was not met). This positive response to Task E was 

not seen on Days 3 and 4 when it was also used in testing stimulability for reduced 

area for / J /. 

In Subject 6, even when Tasks D and E were associated with reduced 

velopharyngeal orifice areas as evidenced by positive answers to questions (a) 

through (e), the amount by which area was reduced was very small, 0.7 to 1.7 

mm2
• Only a small absolute amount of change in area was possible for Subject 6 

because his mean velopharyngeal orifice areas at the outset were closer to zero than 

those of the other subjects. In fact, some of his values of velopharyngeal orifice 

area were zero at the outset. 

Considering that Subject 6' s areas were so small at the outset, it seemed 

logical that, in this subject, to provide strong evidence of stimulability a task would 

need to be associated with complete velopharyngeal closure. Tables 51 through 55 

show that Subject 6 did not meet this additional criterion for any of the tasks. 
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Summary for Subject 6. Task D, shaping I r I and lsI from oral blowing, 

was associated with strong evidence for stimulability on three of four stimulability 

testing days. In addition, Task E, shaping I J I from lSI, was associated with 

moderate evidence for stimulability on one of the three testing days. However, 

these tasks did not yield mean velopharyngeal orifice areas of 0 mm2 in Subject 6, 

who was already close to complete closure at the outset. 

Subject 7 

History 

Subject 7 was a boy 6 years, 8 months of age who was referred by a local 

craniofacial disorders evaluation team. He was born with a complete cleft of the lip 

and palate on the right side. 

Subject 7' s lip was closed in infancy. He received two operations to close 

his palatal cleft--one when he was 19 months of age and a second when he was 24 

months of age. 

From the time he was about 5 years, 8 months of age he received speech 

therapy for the purpose of learning correct lip and tongue placement of sounds. 

This therapy included treatment of Ipl, If I , and lsI, among other sounds. His 

clinician reported that he inconsistently attended the scheduled treatment sessions. 

Subject 7' s parents indicated that he had never worn palatal appliances and 

that he had not had operations other than the operations to close the cleft lip and 

palate. 
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Subject 7 had a history of chronic otitis media that was treated with pressure-

equalization tubes. His parents said that the episodes of otitis media were associated 

with hearing impairment. 

Subject Characteristics 

Subject 7 produced Ipl, lsi, 19/, It I , If I , and I J I in the list of words given 

in Appendix E. With his nares occluded, articulation of Ipl and If I was correct. 

The I J I was mildly distorted and productions of lsi resembled his distorted I J I. 

A fricative-like distortion was substituted for It!. The lSI was produced correctly at 

times, but was usually replaced by If I or the distorted It!. 

Results of the speech mechanism examination are summarized in Table 4. 

No uvula was observed. 

Nasal pathway resistance on Day 1 was estimated to be 5.0 cm H20/LPS and 

on Days 1 through 6 ranged from a low of 4.8 cm H20/LPS on Day 6 to a high of 

9.7 cm H20/LPS on Day 3; 65% of the resistance estimates were 6.6 cm H20/LPS 

or greater. According to Smith et al. (1985), resistance as high as 9.7 cm H20/LPS 

should allow accurate estimation of velopharyngeal orifice areas at least as large as 

28 mm2
, but most of Subject 7's orifice estimates were larger than 28 mm2

• For 

velopharyngeal orifice areas the size of those of Subject 7, some error is likely 

because of nasal pathway resistance, but the exact amount of error is unknown. 

Smith et al. found that when estimated total nasal pathway resistance of 6.75 cm 

H20/LPS, mean percent error was 9.89% for estimating a velopharyngeal orifice 

size of 38.12 mm2 and when estimated total nasal airway pathway resistance of 
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20.72 cm H20/LPS, mean percent error was 18.84% for estimating a 

velopharyngeal orifice size of 38.12 mm2
• Errors for higher values of resistance or 

larger velopharyngeal orifices are probably greater than these, but the exact errors 

are unknown. 

On Day 2, Subject 7 prolonged Is:1 and If:1 and attempted to blow orally. 

His velopharyngeal orifice areas during these prolongations and blowing ranged 

from 15.2 to 35.2 mm2
• 

Subject 7 passed a pure-tone hearing screening of hearing acuity at 500, 

1000, 2000, and 4000 Hz at 30 dB HL in his right ear. In his left ear, he passed at 

2000 and 4000 Hz, but failed the screening at 500 and 1000 Hz (Table 5). 

Nonverbal intelligence was within the normal range. Subject 7 received a 

raw score of 12 on the TONI, which placed him at the 63 percentile when compared 

to other children age 6 years, 0 months, to 6 years, 0 months (Table 5). 

Estimates of velopharyngeal orifice area and measures of nasal airflow were 

made for several consonants in strings of syllables or words produced without 

special instructions on Days 1 and 2. Table 56 contains the means, standard 

deviations, and ranges of these areas and nasal airflows. 

On Days 1 and 2, mean velopharyngeal orifice area during Ipl in Ihremperl 

was about 40 mm2, which Warren (1989) considers indicative of inadequate closure. 

Mean velopharyngeal orifice areas during Ipl in Ipal and If I in Ifal were between 26 

and 35 mm2• Standard deviations of all of these estimates were high and some 

velopharyngeal orifice area estimates for Ipl in Ipal and If I in Ifal fell in the 
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category Warren considers indicative of borderlinelinadequate closure. 

Velopharyngeal orifice area was not computed for lsI, It I , or I S I because the 

maxillary tube used to detect intraoral air pressure during these sounds could not be 

maintained in place. Mean nasal airflows during lsI in Isal, It! in ltal, and I S I in 

I S al were all 90 cc/sec. Indices of velopharyngeal function were not obtained for 

191 because Subject 7 misarticulated this sound. 

Because Subject 7' s velopharyngeal orifice area could be estimated for both 

Ipl and If I , these sounds were selected for stimulability testing. At the beginning of 

sessions on Days 3 through 6, Subject 7 produced Ipal and Ifal in single syllables 

and syllable strings without special instructions. Mean estimated velopharyngeal 

orifice areas for Ipl in Ipal are reported in Table 57 and areas for If I in Ifal are 

reported in Table 58. Velopharyngeal areas for Ipl in Ipal and If I in Ifal produced 

on Days 1 and 2 are repeated in Tables 57 and 58. Subject 7's mean areas varied 

widely across the days of the study, ranging from a low of 26 mm2 for Ipl in 

syllable strings on Day 2 to a high of 90 mm2 for Ipl on Day 6 and If I on Day 4. 

In general, mean areas were lowest on Days 1 and 2. 

Aerodynamic Measures of Velopharyngeal Function Under the Stimulability Task 

Conditions 

Tables 59 and 60 give the means and standard deviations of Subject 7's 

estimated velopharyngeal orifice areas for Ipl produced during the No Special 

Instructions condition and during Tasks A and B. Tables 61 and 62 give the means 

and standard deviations of Subject 7's estimated velopharyngeal orifice areas for If I 
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produced during the No Special Instructions and during Tasks C and D. In 

addition, to provide the answers to Questions IA through ID, these tables indicate 

whether stimulability criteria (a) through (e) were met for these tasks. 

The data in these tables show that velopharyngeal orifice areas during the 

stimulability tasks were not clearly different from areas during the No Special 

Instructions condition. For some of the steps of Tasks A, C, and D, mean 

velopharyngeal areas were smaller under the stimulability task conditions than under 

the corresponding No Special Instructions conditions (criterion (a) was met). The 

data distributions for the stimulability task usually overlapped the data distributions 

for the No Special Instructions condition (criterion (b) was not met). Therefore, 

usually, there was no evidence of stimulability for Subject 7. However, on Day 3, 

producing Ipl in Ipal with greater intraoral air pressure and producing Ipl in 

Ipapapapapal with greater intraoral air pressure and at a slower rate were associated 

with weak evidence for stimulability (criteria (a) and (b) were met). Also, on Day 

6, producing If I in Ifal with greater intraoral air pressure was associated with weak 

evidence for stimulability (criteria (a) and (b) were met). 

Summary for Subject 7. Throughout this study, Subject 7' s mean 

velopharyngeal orifice areas were larger than 20 mm2
• On Days I and 2 of the 

study, mean area estimates during Ipl in Ipal and If I in Ifal produced under the No 

Special Instructions condition were between 26 and 35 mm2
, which is generally 

considered inadequate to meet the respiratory requirements for speech. The only 

indication that Subject 7 might be able to improve this performance was the 
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observation that some individual area estimates were less than 20 mm2
• However, 

for some unknown reason, Subject 7' s velopharyngeal orifice area estimates under 

the No Special Instructions condition were greater during Days 3 through 6 than 

they had been during Days 1 and 2. The stimulability tasks failed to provide more 

than weak evidence of stimulability and even this weak evidence was provided on 

only one of the two stimulability testing days. 

Subject 8 

History 

Subject 8 was a boy of age 14 years, 7 months. He was referred for 

participation in this study by a local craniofacial disorders evaluation team. 

Subject 8 had been seen by the craniofacial team for approximately two years 

prior to his participation in this study. The team's dysmorphologist diagnosed him 

as having Klippel-Peil sequence. His related medical problems included scoliosis, 

thoracolumbar lordosis, kyphosis, and a cardiac murmur. 

The craniofacial team diagnosed the presence of a submucous cleft palate 

with a bifid uvula, although it was difficult to observe the palate and posterior 

pharyngeal wall because Subject 8 could not open his mouth wide. 

The speech-language pathologist associated with the team reported that 

Subject 8's conversational speech was approximately 50% intelligible as a result of 

nasalization associated velopharyngeal incompetence. The plastic surgeon decided 

against managing the problem with palatal surgery because of the high risk of 

anesthesia. Therefore, when Subject 8 was 12 years of age, a prosthodontist 



constructed a palatal lift with an obturator. However, Subject 8 did not wear the 

appliance regularly. His medical records indicate that he was still not wearing it 

when he was 13 years, 10 months, of age because it was uncomfortable. He 

refused to wear it despite encouragement of his parents and members of the 

craniofacial team. 

Subject 8 had been enrolled in special education classes at school. At 

school, he also received speech therapy which included treatment designed to 

improve the production of speech sounds. His mother said that he had practiced 

many sounds during his therapy. 

According to his mother, Subject 8 had no history of hearing loss. 

Subject Characteristics 
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Subject 8 produced Ipl, It I , 19/, If I , lsI, and I S I in the list of words given 

in Appendix E. When his nares were occluded', articulation of Ipl, It I , 191, and If I 

in single words was perceived to be correct and articulation of lsI and I S I was 

mildly distorted. In longer utterances, Ipl was substituted for If I . 

Results of the speech mechanism examination are summarized in Table 4. 

Except as noted below, Subject 8 wore his obturator during his participation in this 

study. 

Nasal pathway resistance on Day 1 was estimated to be 2.8 cm HzO/LPS and 

on Days 1 through 6 ranged from a low of 1.6 cm HzO/LPS on Day 2 to a high of 

3.5 cm HzO/LPS on Day 4. According to Smith et al. (1985), resistance as high as 

3.5 cm HzO/LPS should allow accurate estimation of velopharyngeal orifice areas at 
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least as large as 38 mm2
• Errors may exist for larger velopharyngeal orifice areas, 

but the exact percent error is unknown. 

On Day 2, Subject 8 prolonged Is:1 and If:1 and attempted to blow orally. 

His velopharyngeal orifice area during these prolongations and blowing ranged from 

20 to 37 mm2• 

Subject 8 passed a bilateral pure-tone screening of hearing acuity at 500, 

1000, 2000, and 4000 Hz at 30 dB HL (Table 5). 

Subject 8's performance on the Test of Nonverbal Intelligence was below 

that of most of his age peers. He received a raw score of 9 on the TONI, which 

placed him at the 1st percentile compared to other children age 12 years, 6 months, 

to 14 years, 11 months (Table 5). 

Estimates of velopharyngeal orifice area and measures of nasal airflow were 

made for several consonants in strings of syllables or words produced without 

special instructions and while he wore his obturator on Days 1 and 2. Table 63 

contains the means, standard deviations, and ranges of these areas and nasal 

airflows. 

On Days 1 and 2, mean velopharyngeal orifice area during Ipl in Ihremperl 

was between 65 and 70 mm2, which Warren (1989) considers indicative of 

inadequate closure. Mean velopharyngeal orifice areas during obstruents in 

consonant-vowel syllables ranged from a low of 24 mm2 during If I in Ifal to a high 

51 mm2 during lsI in Isa/. Standard deviations were high, ranging from a low of 7 

mm2 to a high of 25 mm2
• 
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Also during Day 1, Subject 8 was asked to produce strings of Ipal and 

Ihremperl while he was not using his obturator. Mean velopharyngeal orifice area 

during Ipl in Ipal was 48 mm2 (standard deviation = 20 mm2
) and mean 

velopharyngeal orifice area during Ipl in Ihremperl was 71 mm2 (standard deviation 

= 30). Comparison of these values to those for Ipl on Day 1 with the obturator 

indicate that velopharyngeal orifice area during Ipl was essentially the same with or 

without the obturator. 

At the beginning of sessions on Days 3 through 6, Subject 8 produced Ipal 

and Isal in single syllables and in syllable strings without special instructions. Mean 

estimated velopharyngeal orifice areas for Ipl in Ipal are reported in Table 64 and 

these areas for lsI in Isal are reported in Table 65. Estimated velopharyngeal 

orifice areas for Ipl in Ipal and lsI in Isal produced during Days 1 and 2 are 

repeated in Tables 64 and 65. Mean area for Ipl ranged from a low of 34 mm2 to a 

high of 67 mm2
• Mean area for lsi ranged from a low of 33 mm2 to a high of 61 

mm2
• 

Aerodynamic Measures of Velophal)'ngeal Function under the Stimulability Task 

Conditions 

Tables 66 and 67 give the means and standard deviations of Subject 8' s 

estimated velopharyngeal orifice areas for Ipl produced during the No Special 

Instructions condition and during Tasks A and B. Tables 68, 69, and 70 the means 

and standard deviations of Subject 8' s estimated orifice areas for lsi produced 

during the No Special Instructions condition and during Tasks C, D, and, E. In 
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addition, t,o provide the answers to Questions 1A through 1E, these tables indicate 

whether stimulability criteria (a) through (e) were met for these tasks. 

The data in these tables show that Subject 8' s velopharyngeal orifice areas 

during the stimulability tasks were not clearly different from his areas during the No 

Special Instructions conditions. In some cases, the means under the stimulability 

task conditions were less than the means under the corresponding No Special 

Instructions condition (criterion (a) was met) but the distributions of areas for the 

stimulability task conditions overlapped the distributions of areas for the No Special 

Instructions conditions (criterion (b) was not met). Therefore, there was no 

evidence that Subject 8 was stimulable under any of the stimulability task 

conditions. 

Summary for Subject 8. Subject 8's velopharyngeal orifice areas were 

substantially larger than 20 mm2 throughout the study, even though he wore his 

obturator. If his velopharyngeal impairment with the obturator in place was caused 

by his velopharyngeal muscles relaxing around his obturator (McGrath & Anderson, 

1990), thus allowing nasal air escape during speech, he may have had the potential 

for improved velopharyngeal closure. However, no data were available to 

document that his obturator did allow him to achieve velopharyngeal closure at an 

earlier time. In any case, Subject 8's responses to the stimulability tasks provided 

no evidence of stimulability. 
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Responses to the StimulabiIity Tasks 
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Table 71 summarizes the answers to Questions lA through IE for each 

subject by specifying the tasks for which velopharyngeal orifice areas provided 

strong, moderate, or weak evidence of stimulability. The tasks are listed according 

to whether they were associated with evidence for stimulability on one or both days 

of testing. This table shows that: 

1. Only one subject (# 2) demonstrated strong evidence of stimulability for 

two tasks on both stimulability testing days. 

2. Three additional subjects (#s 3, 5, and perhaps 6) demonstrated strong 

evidence of stimulability for one task on both test days. As was 

discussed earlier, Subject 6' s responses technically met the criteria for 

strong evidence of stimulability; however, his area changes under 

stimulation were very small. 

3. Five subjects (#s 1, 2, 3, 5, and, perhaps, 6) demonstrated strong 

evidence of stimulability for one or more tasks on at least one day of 

testing. 

4. Six subjects (#s 1, 2, 3, 4, 5, and 6) demonstrated strong, moderate, or 

both strong and moderate evidence of stimulability for two or more 

tasks on at least one testing day. 

5. Subjects 7 and 8, who had velopharyngeal orifice areas greater than 20 

mm2 at the outset, demonstrated either weak evidence of stimulability 



on an inconsistent basis (Subject 7) or no evidence of stimulability 

(Subject 8). 
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Table 72 gives additional information about how the subjects responded to 

the tasks for which their velopharyngeal orifice areas were consistent with strong or 

moderate evidence for stimulability. As seen in this table, for Subjects 1, 2, 4, and 

5, mean velopharyngeal orifice areas during these stimulability tasks were 1.4 to 7.2 

mm2 less than mean areas during the corresponding No Special Instructions 

conditions. For Subject 6, areas were 0.7 to 1.7 mm2 less during the stimulability 

conditions. For Subject 3, nasal airflows were 120 to 330 cc/sec less during the 

stimulability conditions. Table 72 also shows that Subjects 1, 2, 3, 5, and 6 

achieved mean velopharyngeal areas or nasal airflows near zero during at least some 

of the stimulability conditions. 

Task Results Across Subjects 

The second purpose of this study was to summarize performance of all the 

subjects for each stimulability task. This was done by determining for each task 

how many subjects had smaller velopharyngeal areas under the task than under the 

No Special Instructions condition. For each stimulability task, Table 73 gives the 

number of subjects for whom a task provided various degrees of evidence for 

stimulability. In this table, a subject may be counted in more than one column for a 

stimulability task if the task provided a different level of evidence for stimulability 

on each of the two days of stimulability testing. 
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Fo~ most of the tasks, the number of entries in the "no evidence for 

stimulability" column is greater than or equal to the number of entries in the other 

three columns combined. 

Tasks associated with strong or moderate evidence of stimulability did not 

consistently provide such evidence on both days of stimulability testing. 

Approximately half of the subjects who demonstrated strong or moderate evidence 

of stimulability on one day of testing for a task showed strong or moderate evidence 

of stimulability on both days of testing for that task. The other half of the subjects 

showing strong or moderate evidence of stimulability on one day of testing for a 

task had weak or no evidence of stimulability on the other testing day. 

Step 1 of Tasks A and C, producing syllable strings at a slower rate, was not 

accompanied by smaller velopharyngeal orifice areas for any of the subjects. Step 2 

of Tasks A and C, using greater intraoral air pressure to produce obstruents in 

single syllables, was associated with smaller velopharyngeal orifice areas for two 

subjects. For one of these subjects (Subject 2), reduced velopharyngeal orifice areas 

for single syllables were observed only on one stimulability testing day for lsi (Step 

2 of Task C). For the other subject (Subject 5), reduced velopharyngeal orifice 

areas in single syllables occurred on both stimulability testing days for both Ipl and 

If I (Step 2 of both Tasks A and C). The latter subject was the only subject who had 

reduced velopharyngeal orifice areas when producing syllable strings with greater 

intraoral air pressure and at a slower rate than used at the outset; however, this 

occurred only during one stimulability test day for Ipl (Step 3 of Task A). Thus, 
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smaller velopharyngeal orifice areas were consistently observed for only one of the 

eight subjects when obstruents in single syllables were produced with greater 

intraoral air pressure and smaller areas were inconsistently observed for an 

additional subject under the same task conditions. 

Step 2 of Tasks Band D, shaping obstruents from oral blowing was 

associated with reduced velopharyngeal orifice areas during at least one stimulabiIity 

testing day for six of the eight subjects. For Subjects 2 and 3, these reductions 

were present on both testing days, but for Subjects 4 and 5, they were present on 

only one testing day for each of the sounds. For Subjects 1 and 6, reductions were 

observed on one testing day for only one of the two sounds. The support for 

stimulability was strong on approximately half of the testing days during which 

velopharyngeal orifice areas were smaller for these subjects and moderate for the 

other half of the testing days. Furthermore, in all but one case (Subject 5, blow-to

/pa/ on Day 1), all velopharyngeal orifice areas during obstruents shaped from 

blowing were smaller than areas during the obstruents produced in the context of the 

vowel /u/. Therefore, the changes in velopharyngeal closure observed during oral 

blowing were not simply the result of variability of velar movement related to use of 

a high tongue position during blowing. 

Six subjects produced /s/ in Task E, shaping /s/ from /9/, / J /, or /t/. For 

each subject, /s/ was shaped only from those sounds for which mean velopharyngeal 

orifice area on Day 2 was smaller than that during /s/ on Day 2. Of the six subjects 

who participated in this task, three showed smaller velopharyngeal orifice areas 
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when /s/ was shaped from one or two of the above sounds. Shaping /s/ from /8/ 

yielded strong evidence of stimulability for Subject 1 on one testing day and 

moderate evidence for Subject 3 on both testing days. Shaping /s/ from / J / was 

associated with strong evidence of stimulability for Subjects 2 and 3 on both testing 

days. Shaping /s/ from /t/ was associated with strong evidence of stimulability for 

only Subject 2 on one testing day. 

Intrasubject Variability of 

Velopharyngeal Orifice Area Estimates 

During the No Special Instructions Condition 

Each subject's estimated velopharyngeal orifice areas during the No Special 

Instructions condition varied across time, utterance type and position in syllable 

strings, and phonetic context. In some circumstances, this intrasubject variability 

was high and, therefore, may have obscured any existing differences in area 

between the No Special Instructions and stimulability task conditions. Occasionally, 

variability was high enough that adequacy of velopharyngeal function would be 

categorized (Warren, 1989) differently depending on which mean estimates were 

used. Variability in the area estimates obtained using the pressure-flow method is 

important to identify, especially if it occurs for individuals with areas less than 20 

mm2 , because clinicians have the greatest difficulty judging the degree of 

impairment seen in these individuals. Therefore, although this variability was not 

the subject of this dissertation, it is briefly described here for the subjects having 

areas less than 20 mm2
• 
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Variability Within and Across Sessions 

Table 74 lists the means and standard deviations of velopharyngeal orifice 

area or nasal airflow for Ipl and lsi in consonant-vowel syllable strings produced in 

the No Special Instructions condition during every day of the study. 

Standard deviations are indices of within session variability. Subjects 1 and 

2 had their highest standard deviations for both Ipl and lsi during Day 1 or 2. For 

the remaining four subjects, standard deviations were highest for only one of the 

sounds on Day 1 or 2. For some subjects, standard deviations during either or both 

Days 1 and 2 were substantially higher than those during Days 3 through 6. For 

example, Subject 2's standard deviation for Ipl during Day 2 was approximately 12 

times larger than those during Days 3 through 6, while that for Subject 4 on Day 1 

was about 4.5 times larger than those observed during later sessions. Subject 5's 

standard deviation for lsi on Day 2 was approximately 2.5 times larger than those 

during later sessions. 

Differences between means across sessions indicate across-session variability. 

Table 74 shows that subjects' highest mean areas often occurred during either Day 1 

or 2. Subject l's highest mean areas for both sounds occurred during Day 2. For 

the other five subjects, the highest mean area for one of the sounds occurred during 

either Day 1 or Day 2. Sometimes, these means were at least two to three times 

higher than those during Days 3 through 6 (e.g., Subjects 1, 2, 4, and 6). 
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Table 75 lists the mean velopharyngeal orifice areas or nasal airflows during 

consonants produced in single consonant-vowel syllables and in syllables within 

consonant-vowel syllable strings. All consonants were produced under the No 

Special Instructions condition. The means were computed for Days 3 through 6 

only so that any unusually high values from Days 1 or 2 would not affect them. 

For each subject, asterisks in Table 75 identify the two highest mean areas 

for each consonant. One or both of the two highest velopharyngeal orifice areas or 

nasal airflows for each subject occurred during consonants produced either in single 

syllables or in the initial position of syllable strings, or both. For Ipl and lsI 

produced by Subjects 2 and 4, the highest means were for the sounds produced in 

single syllables and in the initial position of syllable strings. For productions of Ipl 

by Subjects 3 and 5, the highest means were those for Ipl produced in single 

syllables and in the initial position of syllable strings. For productions of lsI by 

Subjects 1 and 3, the highest means were those for lsI produced in single syllables. 

For productions of If I by Subject 5, the highest means were those for If I produced 

in the initial position of syllable strings. For Subject 6, areas tended to be larger 

for consonants produced in the initial position of syllable strings than later in the 

string, however, the mean differences in area were very small. 
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Table 76 lists the means and standard deviations of areas for Ipl in Ipal and 

Ihremperl and for lsI in Isal and lrenserl produced during the No Special 

Instructions condition on Days 1 and 2. 

Across subjects, there were 17 instances in which means were estimated both 

for a consonant in strings of consonant-vowel syllables and in strings of words with 

a nasal consonant adjacent to the consonant of interest. In 15 of these instances, 

mean orifice areas were greater for the consonant when it was adjacent to a nasal 

consonant than when it was in consonant-vowel syllables. 

Table 76 shows that means for the fricative consonants were larger than 

means for the stop consonants for a few of the subjects. For Subjects 3 and 5, 

fricative consonant means were larger than stop consonant means. In addition, for 

Subject 4, mean area for the fricative produced adjacent to the nasal consonant was 

larger than that for the stop adjacent to the nasal consonant. In all other 

comparisons between stop and fricative means, mean areas for stops and fricatives 

were either similar, or the fricative means were smaller than those for the stop 

consonant. For Subjects 1, 2, and 6, fricative consonant means were essentially the 

same as or smaller than means for the stop consonants. When Subject 4 produced 

fricatives in consonant-vowel syllables, mean areas were either similar to or less 

than mean areas for his productions of stops in both consonant-vowel syllables or 

adjacent to nasal consonants. 



235 

Chapter 5. 

DISCUSSION 

The results of this study support previous research and clinical reports 

indicating that relatively immediate improvements in velopharyngeal closure may be 

elicited under certain conditions. However, not all tasks examined in this 

dissertation were accompanied by smaller velopharyngeal orifices, and some 

individuals did not change under any stimulability condition studied. 

Interpretation of these findings is complicated for two reasons. First, 

velopharyngeal orifice areas within subjects were sometimes highly variable. 

Second, only a small number of heterogeneous subjects were studied. 

Within- and across-session variability in individual subjects' velopharyngeal 

orifice areas was sometimes present for the No Special Instructions condition; the 

same was true for each of the stimulability tasks. Such variability increases the 

difficulty of discerning whether velopharyngeal orifice areas were lower during task 

conditions. To avoid misinterpreting spurious variability in velopharyngeal orifice 

area as a difference between the No Special Instructions and stimulability task 

conditions, a conservative procedure was adopted for analyzing subjects' 

performance. Evidence for stimulability was considered to be strong only if a set of 

stimulability criteria were met. Strong evidence of stimulability required that areas 

under the task be less than 1 mm2 and that not more than one data point in the 

distribution of velopharyngeal orifice area estimates for a stimulability task condition 

overlapped the corresponding distribution of estimates for any of the No Special 
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Instructions conditions. This procedure may not have detected small but real 

differences between No Special Instructions and task perfonnance. However, in 

order to reduce the likelihood that tasks associated with small area reductions would 

be overlooked, reductions in velopharyngeal areas were noted even if they occurred 

on only one testing day. 

Generalization from the present results is difficult because the subject sample 

size was small and the subjects studied were heterogeneous. The study was actually 

a set of eight descriptive case studies, with each case study asking the same research 

questions about a different subject. Proponents of single-case research (e.g., 

Edelson, 1988; Kazdin, 1992) admit that generalizations cannot be made from a 

single case study, but argue that generalizations can be made from a series of case 

studies. In the present research, even generalization based on set of case studies is 

necessarily limited because the population from which the subjects were drawn is 

heterogeneous by nature (Vig, 1990). 

Characteristics of 

Subjects Likely to be Stimulable 

Although it is not yet possible to predict who may profit from behavioral 

treatments for velopharyngeal impainnent, identifying characteristics of subjects 

stimulable for improved velopharyngeal closure in this study's tasks may contribute 

toward that end. This study was not designed to identify subject characteristics 

associated with evidence for stimulability or lack of such evidence. However, some 

infonnation related to this issue is available and will be discussed. 
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The most obvious difference between subjects showing either strong or 

moderate evidence of stimulability and those who did not was size of the 

velopharyngeal orifice under the No Special Instructions condition. Subjects who 

later showed strong or moderate evidence of stimulability had mean velopharyngeal 

orifice areas less than 20 mm2 during Ipl, It!, lsI, I S I, If I , or 181 in strings of 

consonant-vowel syllables produced on Days 1 and 2 and mean areas less than 10 

mm2 on subsequent days of the study. In contrast, the two subjects judged to have 

only weak or no evidence of stimulability (Subjects 7 and 8) had mean 

velopharyngeal orifice areas greater than 20 mm2 during Ipl, lsI, and If I in strings 

of consonant-vowel syllables. This observation that velopharyngeal orifice size at 

the outset was related to improved velopharyngeal closure during stimulability tasks 

is consistent with others' discussions of behavioral treatments of velopharyngeal 

impairment (e.g., Coston, 1986; Lotz & Netsell, 1987; McWilliams et aI., 1990). 

Three of the subjects judged to be most stimulable also had medical 

conditions that may have led to learning faulty use of the velopharyngeal 

mechanism. Subject 1 had a history of allergies; Hixon (personal communication, 

1990) has speculated that persons who have nasal pathway obstruction secondary to 

allergic reactions may tend to open the velopharynx during speech. Subject 2 

previously had large tonsils which may have mechanically prevented velopharyngeal 

closure and thus led to her acquisition of velopharyngeal movements that fell short 

of reaching total closure; several authors have described individuals whose large 

tonsils interfered with velopharyngeal closure by partially filling the nasopharynx 
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(Henningsson & Isberg, 1988; Kummer, Billmire, & Myer, 1993; MacKenzie

Stepner, Witzel, Stringer, & Laskin, 1987; Shprintzen, Sher, Croft, 1987; Trost

Cardamone, 1989). Subject 3 had a repaired cleft palate and a pharyngeal flap; in 

consonant-vowel syllables, his mean nasal airflows during the No Special 

Instructions condition were 300 cclsec during lsi, and 40 cclsec or less for Ipl, If I , 

I r I, and 191. During some productions of lsi with nares occluded, most, if not all, 

airflow during articulation of lsi was apparently directed nasally. Subject 3 may 

have learned to direct airflow nasally earlier when he had a large palatal fistula and 

velopharyngeal closure problems related to his cleft. His recent operations may 

have provided him with the means to achieve, or nearly achieve, closure during Ipl, 

If I , and other sounds, while his faulty nasal articulation of lsi continued despite the 

improved velopharyngeal mechanism (e.g., Van Demark & Hardin, 1990). 

Of the subjects who had overt or submucous palatal clefts, those who had 

experienced more recent surgical or prosthodontic management showed stronger 

evidence of stimulability than those whose physical management of velopharyngeal 

impainnent was less recent. Subject 3 received a pharyngeal flap 11 months prior 

to his participation in the study and was still receiving orthodontic treatment that at 

times required the use of a palatal appliance. Subject 5 had palatal surgery 1 year 

and 7 months before her participation in this study. By contrast, Subject 4 received 

his flap over 4 years prior to this study. And, Subject 6 had worn a prosthesis for 

several years to cover a palatal fistula prior to surgical closure of his maxillary 

fistula 6 months prior to the study. This pattern warrants future study. If it is 
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replicated with additional subjects, one explanation may be that speakers eventually 

learn to make maximum use of their mechanisms even without therapy directed 

specifically to that purpose; consequently, as time since physical management of the 

mechanism increases, the velopharyngeal mechanism has less potential for 

improvement with stimulation. Or, if speakers have long used their velopharyngeal 

mechanisms to less than full capacity, inducing changes in their use of their 

mechanisms may be more difficult than it would have been soon after surgical or 

prosthetic treatment. 

Subjects judged to be most stimulable did not appear to differ from other 

subjects with respect to age, nasal airway obstruction (as indicated by nasal pathway 

resistance on Day 1), or nonverbal intelligence. 

VeJopharyngeal Performance 

During the Stimulability Tasks 

Producing Obstruents with 

Greater Intraoral Air Pressure and at a Slower Rate 

Only one subject's velopharyngeal orifice areas were consistently reduced 

when she produced obstruents with greater intraoral air pressure during single 

syllables. This finding provides little support for recommendations (e.g., Coston, 

1986; Lotz & Netsell, 1987) to improve velopharyngeal closure by speaking louder 

and more vigorously. In addition, speaking at a slower rate was not accompanied 

by improvements in velopharyngeal orifice area in any subject. Therefore, no 
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evidenc~ was found to support further study of these procedures as operationalized 

in this study. 

Perhaps, increasing speech effort is not associated with improved 

velopharyngeal function, or improvements are not large enough to be detected by 

this study's data analysis procedures. The idea that increasing speech effort may be 

associated with little or no improvement in velopharyngeal function is compatible 

with previous research. Studies have failed to show that intensity of prolonged 

vowels is negatively related to ratings of nasality. Also, Tucker (1963) found only 

a small mean increase in velar elevation with increased effort. If increasing effort 

has little or no effect on the size of the velopharyngeal orifice, then improvements 

in speech noted by other authors may be seen only in certain speakers or may 

reflect other factors, such as the use of increased intraoral air pressure during 

obstruents or improved articulation (McWilliams, 1954; Spriestersbach, 1955). 

Alternatively, increasing effort may have a greater effect on velopharyngeal 

closure than was indicated by the present study. Perhaps, different ways of 

operationalizing increased speaker effort and vigor may have been accompanied by 

greater improvements in velopharyngeal closure. Or, providing children with more 

than two or four stimulability sessions may give them more time to discover the 

manner of increasing effort that leads to improved velopharyngeal function. 

Shaping Obstruents from Blowing 

Obstruents shaped from oral blowing were produced with smaller 

velopharyngeal areas in five of eight subjects, and, for some subjects, such changes 
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were observed on both stimulability testing days. These findings support previous 

reports that velopharyngeal closure during oral blowing (Shprintzen et al., 1975; 

Shprintzen, 1989; Witzel et al., 1989) may be used as a starting point in behavioral 

treatments to improve velopharyngeal closure during speech. Shprintzen et al. 

(1975) began a series of treatment steps by using blowing to shape closure during 

vowels, and later added tasks for consonants. Results reported in this dissertation 

showed that oral blowing may also be used to improve closure during consonants 

without intermediate work on vowels. Furthermore, the present results indicate 

that, for at least some individuals, the blowing task may yield relatively immediate 

reductions in velopharyngeal area even when feedback is not provided. 

Shaping lsI from Other Obstruents 

Of the six subjects for whom production of lsI was shaped from I S I, 191, or 

It I , three showed smaller velopharyngeal orifice areas. These findings are 

consistent with reports that improved velopharyngeal closure can be shaped by 

moving from a speech sound that has better closure to another with poorer closure 

(e.g., Albery, 1989; Hall & Tomblin, 1975; Netsell & Lotz, 1991; Riski, 1984; 

Witzel et al., 1988, 1989). Two reports (Hall & Tomblin, 1975; Netsell & Lotz, 

1991) described children for whom shaping from It I achieved more consistently 

accurate productions of lsI than did shaping from 191 or I S I. In the present study, 

one or more subjects showed strong or moderate evidence for stimulability for lsI 

shaped from each of It!, 191, and I S I. When the previous reports are combined 

with the current study, it appears that shaping from sounds having better 
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velopharyngeal function to sounds with poorer velopharyngeal function may benefit 

a substantial proportion of subjects who begin treatment with relatively good closure 

during at least some speech sounds. However, the best sounds from which to shape 

appears to vary among subjects who may be helped. 

Potential Clinical Significance of 

Observed Changes in Velopharyngeal Orifice Areas 

For tasks accompanied by strong or moderate evidence of stimulability, mean 

velopharyngeal orifice areas were 1.4 to 7.8 mm2 smaller than during the No 

Special Instructions condition. In the subject for whom nasal airflow was the 

dependent variable, mean nasal airflows during tasks accompanied by strong or 

moderate evidence of stimulability were 120 to 330 cc/sec smaller than during the 

No Special Instructions condition. Sometimes, these reductions in velopharyngeal 

orifice area or nasal airflow were not observed on both days of stimulability testing. 

When area or nasal airflow reductions are small, inconsistently present, or both, it 

is important to consider the clinical usefulness of the tasks being tested. 

Two factors determine whether the smaller velopharyngeal orifice areas 

observed in this study are likely to contribute to the reduction of audible nasal 

emission: (a) does the smaller area result in noticeable improvements in the child's 

speech, (b) if so, can the child learn to use the smaller velopharyngeal orifice area 

in spontaneous speech? 

Whether a smaller velopharyngeal orifice area results in improved speech 

(Le., reduction or elimination of audible nasal emission or hypernasality) depends to 
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a large extent on the size of the orifice and the child's speech prior to and after 

treatment. For example, if a child begins with a velopharyngeal opening of 10 nun2 

and area is reduced to 0 nun2
, the velopharyngeal port would be closed, nasal 

emission would be eliminated, and speech would likely improve. On the other 

hand, if a child's velopharyngeal orifice at the outset was 25 nun2
, reduction of 10 

nun2 might reduce nasalization of speech, but probably would not reduce the child's 

speech disability significantly. 

The size of the reduction in velopharyngeal orifice area needed to reduce 

speech disability is probably unique to each individual with velopharyngeal 

impairment. In some cases, a relatively small improvement in velopharyngeal 

function may have a great effect on speech. For example, Netsell and Lotz (1991) 

-reported the clinical observation that adding only 1 to 2 nun of acrylic to an 

obturator sometimes makes a substantial perceptual difference in speech. Therefore, 

the only way to assess whether a given change in velopharyngeal function results in 

improved speech is to compare speech before and after that change. 

Even if velopharyngeal orifice area changes associated with a stimulability 

task are sufficient to improve a child's speech, this benefit will be of little use 

clinically unless the child is able to use the improved velopharyngeal behavior in 

spontaneous speech. This ability was not addressed in this study. However, it is 

reasonable to speculate that some children who evidence smaller velopharyngeal 

orifices in stimulability testing would not be able to achieve such behavior to 

spontaneous speech. At this time, there is no basis for predicting whether a specific 
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speaker will or will not be able to extend the improved velopharyngeal behavior to 

conversational speech. 

This study's rmding that velopharyngeal behavior during stimulabiIity testing 

was inconsistent in some subjects indicates the need for work to stabilize use of 

improved velopharyngeal behavior before work can begin to use it in spontaneous 

speech. This is compatible with articulation and voice therapy practices. In 

articulation and voice therapy, inconsistent production of new responses is a 

common occurrence. Often, the clinician helps a client produce new, appropriate 

speech behavior, and then, before use of the behavior is stabilized, the client "loses" 

the new response and becomes at least temporarily unable to reproduce it. When a 

new, appropriate speech behavior is elicited, the clinician should work as efficiently 

as possible to help the client produce that behavior consistently and reliably (e.g., 

Bemthal & Bankson, 1981; Shriberg, Kwiatkowski, & Snyder, 1990; Van Riper, 

1978). 

Suggestions for Future Studies of Stimulability 

Tasks and Related Behavioral Treatments 

Implementation of procedures intended to stimulate improved velopharyngeal 

function should continue to be considered experimental. The strong or moderate 

evidence for stimulability obtained on one or both stimulabiIity testing days for 

some subjects in the present study could serve as the basis for recommending trial 

behavioral treatment of velopharyngeal function for these children. Future research 

should replicate and extend the present study by determining if improved 
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and generalized to spontaneous speech (cf. Shriberg et al., 1990). 
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During studies of stimulability tasks and follow-up treatments, 

velopharyngeal function and speech should be assessed to ascertain the relationship, 

if any, between changes in velopharyngeal function and speech. Any claims that 

changes in velopharyngeal function and speech have occurred as a result of various 

procedures would require the use of an experimental design. Improvements in 

velopharyngeal function may occur without concomitant changes in speech and this 

finding may lead to the development of treatments with larger, more clinically 

useful effects (cf. Roberts, Semb, & Shaw's (1991) discussion of the advancement 

of surgery). If nasalization is reduced without changes in velopharyngeal function, 

it may be useful to explore variables that have confounded clinicians' impressions 

that improvement in velopharyngeal function contributed to improvements in speech. 

Further study of stimulability procedures might help predict which clients 

may profit from behavioral treatments. Are a client's responses to stimulability 

procedures predictive of later success in behavioral treatments? Are responses to 

some stimulability procedures better predictors of later success in treatment than are 

responses to other stimulability procedures? Are some types of responses to 

stimulability procedures associated with later achievement of closure in spontaneous 

speech while other types of responses are not? McWilliams et al. (1990) warned 

that occasional velopharyngeal closure does not necessarily indicate that an 

individual is capable of normal velopharyngeal function. Therefore, it would also 
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be important to explore whether clients' responses to stimulability testing and to . 
follow-up treatment predict progress in later treatment better than do one-shot 

observations of velopharyngeal closure variability in selected contexts (cf. Arndt, 

Elbert, & Shelton, 1971; Diedrich & Bangert, 1980). In addition, infonnation 

about the range of velopharyngeal motion obtained from videoendoscopy may be of 

value in predicting whether speakers would profit from therapy to improve 

velopharyngeal function. 

Variability of Velopharyngeal Orifice Area 

For each child in this study, more velopharyngeal orifice area estimates were 

gathered than have been reported in other studies published to date. The high 

variability of these estimates for some subjects is important to note, especially for 

those children whose areas were less than 20 mm2
• 

Variability of Areas Less than 20 mm2 

Some of this variability likely represents the typical variability of 

velopharyngeal function often identified as characteristic of some individuals with 

velopharyngeal impainnent (e.g., McWilliams, et aI., 1990; Morris & Smith, 1962; 

Morris, 1984; Peterson-Falzone, 1982a, 1988a; Shelton, Brooks, & Youngstrom, 

1964). For many years, Warren (e.g., Warren, 1989) has emphasized the 

importance of sampling velopharyngeal function during /p/ both in /pa/ and in 

/hremper/. Consistent with Warren's observations, subjects in this study had greater 

velopharyngeal openings during /p/ adjacent to /m/ than during /p/ in /pa/. In 

addition, some subjects had larger velopharyngeal openings during /p/ in the syllable 
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Ipal or in the first position of /papapapapal than in later positions of the same 

syllable string. When these subjects produced Ipl in single syllables or in the first 

position of a syllable string, peak nasal airflow occurred prior to peak intraoral air 

pressure so that substantial nasal airflow was present during the rise in intraoral air 

pressure, and the durations of this pressure rise and of the intraoral air pressure 

curve were longer than pressure rise and pressure curve durations for the second, 

third, and fourth Ipl in the syllable strings. This pressure-flow pattern appeared to 

indicate that these subjects were slow to achieve velopharyngeal closure. 

Although some variability likely represents the typical velopharyngeal 

behavior of the children who served as subjects, a portion of the variability may be 

an artifact of these children's unfamiliarity with speaking while oral and nasal tubes 

and the nasal olive are in place. In particular, the relatively high mean 

velopharyngeal orifice areas and standard deviations measured on Days 1 and 2 for 

some children may indicate that they were performing atypically when the tubes and 

nasal olive were first attached and that they needed time to become accustomed to 

speaking with the tubes and nasal olive in place. 

Because some variability is likely to exist for a number of reasons, clinicians 

and researchers need to be cautious in interpreting small samples of velopharyngeal 

orifice areas. As Smith (1990) has written, it is doubtful that a few repetitions of 

Ihremperl is adequate to describe a speaker's velopharyngeal function. Appropriate 

aerodynamic assessment of velopharyngeal function requires estimation of 

velopharyngeal orifice areas for various speech sounds in various linguistic contexts 
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(Andreassen et al., 1992). Velopharyngeal orifice areas for most obstruents (except 

/k/ and / g/) can be estimated from measures of intraoral and nasal air pressure and 

nasal airflow using Warren's procedures. Experience with the subjects in this study 

suggested that, with little practice, children with permanent maxillary molars can 

adapt to the curved maxillary tube that was used to detect intraoral air pressure for 

most obstruents, thus allowing estimation of velopharyngeal orifice area. 

Reports of velopharyngeal orifice areas should include indices of variability 

such as ranges (Golding-Kushner et al., 1990), standard deviations, or confidence 

intervals. These could be reported for areas during consonants in specific contexts 

as well as for areas obtained for a consonant, or consonants, across contexts. 

Future research should study whether velopharyngeal orifice area estimates 

vary across evaluation sessions, as was seen in some of the subjects in this study. 

Based on the present finding that substantial variety is observed in some children, 

examiners should estimate velopharyngeal orifice area during more than one session, 

especially if variability during the initial evaluation is high. In addition, 

videonasendoscopy, videofluoroscopy, or both may be used to supplement 

information obtained from aerodynamic assessment of velopharyngeal function. 

Variability of Areas Greater than 20 mm2 

The two children who had velopharyngeal areas greater than 20 mm2 

demonstrated greater area variability than did the other six subjects. This variability 

is probably the result of some combination of the intrasubject variability of 

performance already described and the imprecision of the area equation for 
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estimating large areas. Estimates of large areas may be imprecise because when AP . 
is small--as it is when areas are large--small differences in AP result in large 

differences in estimated area. Some of the small AP differences affecting area 

estimates are so small that they may have been caused by variation in the accuracy 

of the instruments' detection of air pressure. Warren (1989) acknowledged that 

accuracy of velopharyngeal orifice area estimates decreases considerably for large 

areas. For this reason, he recommended simply reporting any orifice size greater 

than 20 mm2 as greater than 20 mm2 and inadequate for the respiratory requirements 

for speech. 

Findings of a model study of Smith et al. (1985) support the idea that area 

estimates decrease in accuracy as area increases. They showed that as the area of a 

model orifice increased from 3.10 mm2 to 38.12 mmZ, the standard deviation of 

orifice area estimates increased. Smith et al. found standard deviations considerably 

smaller than those seen for Subjects 7 and 8 in the present study. Their standard 

deviations may have been smaller because their instruments detected pressure values 

with greater accuracy than those used in the present study or they may have been 

able to measure pressure more accurately in models than we were able to do in 

children. 

Subjects 7 and 8's high variability of area estimates probably had little effect 

on the results of their stimulability testing. To result in noticeable reductions of 

audible nasal emission or hypernasality or to change plans for physical management 

of the velopharyngeal mechanism for these subjects, velopharyngeal area reductions 
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during stimulability testing would need to be relatively large and large changes 

would be obvious even though variability was high. Large area reductions were not 

found for these subjects. 

Summary 

This study found that certain tasks were accompanied by improved 

velopharyngeal closure in some subjects. The clinical usefulness of these changes is 

a topic for future research. Future investigations should examine (a) any changes in 

speech associated with velopharyngeal function changes, (b) treatments intended to 

extend these velopharyngeal function improvements to spontaneous speech, and (c) 

the characteristics of speakers likely to benefit from behavioral treatments. This 

research will undoubtedly be complicated by the heterogeneity of the population of 

speakers with velopharyngeal impairments. As Witzel and her co-workers (1989) 

observed, each of these speakers is different. Therefore, no one stimulability 

technique is likely to index the prospects of improved velopharyngeal function of all 

speakers with velopharyngeal impairment. Furthermore, no one therapy method is 

likely to facilitate improved velopharyngeal function during spontaneous speech in 

all individuals who show evidence of stimulability. 



Appendix A. 

TELEPHONE QUESTIONNAIRE 
ADMINISTERED DURING INITIAL CONTACT WITH PARENTS 

(Questions 1 and 2 were eliminated when questioning parents of 
potential subjects who did not have repaired palatal clefts) 

1. Does your child have a repaired cleft palate? 
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2. Does your child still have any openings (fistulas) in the roof of the mouth, 
between the mouth and nasal cavities? If so, are these openings covered by 
a dental appliance (prosthesis)? 

3. How old is your child? 

4. Describe any problems you or others (e.g., a speech-language clinician or a 
physician) have noticed in your child's speech? 

5. Does you think your child has normal hearing in at least one ear? What were 
the results of your child's last hearing test? When was this test conducted? 

6. Has your child been diagnosed as having any neurological condition or disease? 
Has your child been diagnosed as having any syndromes? What health 
problems or diseases, in addition to the cleft palate, have been diagnosed by 
a physician? 

7. Would your child be able to follow directions for repeating syllables for an hour 
at a time? Would your child be able to sit at a table and follow directions 
for about an hour? Would your child be able to follow directions such as 
"make the [p] pop loud. like this (model [pal with high intraoral air 
pressure)" or "blow and then say [pal, like this: (model task)"? My study 
requires that I place small tubes in the ends of the nose and in the mouth; 
this causes no pain but, of course, the child can feel the tubes. Do you think 
your child would be able to tolerate small tubes being placed in the end of 
his [her] nose and in his [her] mouth? 
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Appendix B. 

EXAMINATION OF ORAL STRUCTURES 

(completed at the end of Day 1) 

1. Are any fistulas present? 
If so, where are they located? Oronasal? Nasolabial? 
Size? 

2. Describe any unusual features of the the palatal arch. 

3. Are any orthodontic appliances present? If so, ask parents what they have been 
told about the purpose of the appliance. 

4. Describe any unusual features of the premaxilla. Is it protruding? Is it free
floating? 

5. Describe occlusion of the molars (Graber, T. M. (1972). Orthodontics-
Principles and Practice, 3rd Ed. Philadelphia: Saunders, as cited in 
Jablonski, 1982). 

Right side: Class 1__ Class II 
Left side: Class I Class II 

Class III 
Class III 

6. Describe anterior bite relationship (Bateman & Mason, 1984, p. 253). 

unremarkable __ closed bite __ openbite __ 
excessive overjet negative overjet -- --



Appendix C. 

PROCEDURES COMPLETED DURING DAY 1 

(Procedures are listed in the order 
in which they were presented.) 
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1. Explain the study to the parent and the child, and obtain written and oral consent 
for the subject to participate in the study. 

2. Screen hearing. 

3. Check nasal patency. 

4. Estimate nasal pathway resistance. 

5. Estimate velopharyngeal orifice area during Ipl in Ipal and Ihremper/. 

6. Measure nasal airflow during obstruents produced in the following syllables: 
Ipal, ltal, Isal, Ifal, I S aI, and leal. 

7. Check subjects' ability to imitate stimulability tasks. 

8. Examine palate for fistulas and briefly examine other oral structures. 

9. Check accuracy of articulation of Ipl, Itl, lsI, If I, 19/, and I S I. 



Appendix D. 

REASONS WHY 48 CHILDREN REFERRED TO THIS STUDY 
DID NOT PARTICIPATE 
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1. Parents of three of the children scheduled an appointment but, for various 
reasons, they did not keep the appointment and were not able to reschedule 
it. 

2. An appointment with one child was scheduled and had to be canceled by the 
experimenter. Attempts to recontact the mother through her telephone 
contact person and by mail failed. 

3. The folders for nine of the children contained statements that there was no 
velopharyngeal incompetency or that the child's speech was within the 
normal range. 

4. In telephone conversations, the parents of five of the children told the 
experimenter that they believed their child's speech was normal or that the 
child's speech-language clinician said the child's speech was normal. 

5. Six of the children lived out of town and were not able to participate for this 
reason. 

6. Three of the children had medically diagnosed neurological conditions. 

7. In a telephone conversation facilitated by a Spanish-English translator, the 
mother of one child told the experimenter that her child's nasalized speech 
was the result of an accidental injury to her palate. 

8. Five children were younger than 3 years of age or reportedly demonstrated little 
spontaneous speech related to overall developmental delay. 

9. One child cooperated very poorly when she was seen by the craniofacial 
disorders evaluation team. 

10. Four of the children's families did not have telephones. Letters were sent, 
telephone calls were made to the family's contact person, or both, but the 
parents did not contact the experimenter. 

11. Telephone numbers listed in the folders of seven of the children were 
disconnected and no new numbers were available from directory assistance. 
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12. After the experimenter explained the study to them, parents of two of the 
children elected not to have their children participate in the study. 

255 

13. The mother of one child initially indicated a willingness to participate in the 
experiment when the experimenter met her at a craniofacial disorders 
evaluation team meeting. However, she did not return telephone messages 
left by the experimenter. 
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Appendix E. 

WORDS USED TO CHECK 
THE ACCURACY OF CONSONANT ARTICULATION 

Ipl It! 
people teeth 
pass take 
push two 
pocket top 
picture tiger 

lsI If I 
secret feet 
sad fast 
soup food 
sock father 
soap five 

191 I S / 
thief she 
thought shake 
thirty shoe 
thick shot 
thirsty sheep 



Appendix F. 

PROCEDURES COMPLETED DURING DAY 2 

(Procedures are listed in the order 
in which they were presented.) 

1. Familiarize subjects with intraoral pressure tube for lsi. 

2. Check nasal patency. 

3. Estimate nasal pathway resistance. 

4. Estimate velopharyngeal orifice area for the following pressure consonants 
produced in strings of syllables or words: 

Ipl in Ipal 
Ipl in Ihremperl 
lsi in Isal 
I sl in I renserl 
It! in ltal 
If I in Ifal 
ISlinlSal 
191 in leal 

5. Estimate velopharyngeal orifice area during: 
prolonged Is:1 
prolonged If:1 
oral blowing 

6. Practice stimulability tasks. 

7. Compute rate of production of Ipal syllables and rate of production of Isal 
syllables in # 4 above. 
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Appendix G. 

PARENT QUESTIONNAIRE 

(administered on Day 2 of the study 
to parents of children with repaired palatal clefts) 

Subject number: 

Parents: Please answer the questions below. The information you give will be 
completely confidential. Like the other information gathered in this study, your 
answers to these questions will not be identified by your child's name in written 
reports of this study. 

1. What type cleft did your child have? 
__ cleft lip and palate on the left side only 
__ cleft lip and palate on the right side only 
__ cleft lip and palate on both sides 
__ cleft palate only 
__ submucous cleft 

2. Give the month and year when your child's cleft palate was repaired. 

If more than one operation was performed, for each operation, please 
identify the operation performed and give the date it was performed. __ _ 

3. If your child had fistulas (openings in the roof of the mouth between the mouth 
and nasal cavities) after the cleft palate was repaired, please answer this 
question. 
(a) Has your child had surgery to close the fistulas? _____ _ 

If so, when was this surgery performed? ________ _ 

(b) Does your child wear an appliance to cover a fistula? ____ _ 

If so, when did your child begin wearing the appliance? ___ _ 
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Appendix G. (continued) 

4. Does your child have a pharyngeal flap? If so, when was the flap 

operation performed? ____________ _ 

5. Has your child had any other secondary operation? If so, list the 

type of operation and give the date when it was performed. ______ _ 

6. Has your child had his or her adenoids removed? ___ _ If so, when was 

the operation performed? _____________ _ 

7. Has your child ever had speech therapy for the purpose of improving his or her 

ability to say Ipl, lsi, or both? ____ _ 

8. Has your child ever had a hearing problem? _____ _ If so, please 

describe the problem. ______________ _ 

9. What is your child's date of birth? ___________ _ 



Appendix G . (continued) 

PARENT QUESTIONNAIRE 

(administered on Day 2 of the study 
to parents of children without repaired palatal clefts) 

Subject number: 

Parents: Please answer the questions below. The information you give will be 
completely confidential. Like the other information gathered in this study, your 
answers to these questions will not be identified by your child's name in written 
reports of this study. 

1. When did you first notice that your child's speech was nasal? (That is, when 
did you first notice that your child "talks through his or her nose"?) 

2. Are there times when he or she is more or less nasal? 
If yes, when is his or her speech most nasal? 

When is his or speech least nasal? 

3. Does your child have allergies? ________ _ 

If yes, please describe them. ____________ _ 

How are the allergies being treated? __________ _ 

4. Has your child had a pharyngeal flap operation? ____ _ 

If so, when was the flap operation performed? _______ _ 
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Appendix G . (continued) 

5. Has your child had any other operations on his or her mouth or throat? __ _ 

If so, list the type of operation and give the date when it was performed. 

6. Has your child had his or her adenoids removed? ______ If so, when 

was the operation performed? ______________ _ 

7. Has your child ever had liquids come up through the nose as he or she is 

drinking? ___________ _ 

Can your child blowout a candle? 

Can your child drink through a straw? 

Can your child blow up a balloon? 

8. Has your child ever had speech therapy for the purpose of improving his or her 

ability to say Ipl, lsI, or both? __________ _ 

Has your child ever had speech therapy for the purpose of reducing the nasal 

speech? ___________ _ 

9. Has your child ever had a hearing problem? ______ _ If so, please 

describe the problem. _______________ _ 

10. What is your child's date of birth? ___________ _ 
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Appendix H. 

PROCEDURES COMPLETED DURING DAYS 3 THROUGH 6 

Two of these four sessions were used for presenting stimulability tasks for 
Ipl and two sessions were used for presenting tasks for lsI. Half of the subjects 
received the sessions for Ipl on Days 3 and 4 and the sessions for lsI on Days 5 and 
6. The other half of the subjects received the sessions for lsI on Days 3 and 4 and 
the sessions for Ipl on Days 5 and 6. 

After all procedures were completed on Day 6, subjects were paid. 

Procedures for First Session in which Stimuiability Tasks for Ipl were 
Presented: 

(The No Special Instructions condition always occurred immediately after the 
nasal pathway resistance procedure. The order of presentation of Tasks A 
and B was counterbalanced across subjects.) 

1. Check nasal patency and estimate nasal pathway resistance during nasal 
exhalation. (Obtain at least 3 estimates of resistance.) 

2. No Special Instructions condition 

Estimate velopharyngeal orifice area during: 

Ipl produced in Ipal (5 times) 
Ipl produced in Ipapapapapal (5 times) 
lsI produced in Isal (5 times) 
lsI produced in Isasasasasal (5 times) 

3. Estimate nasal pathway resistance during nasal exhalation (3 times). 

4. Task A. Production of Ipl in syllables with greater intraoral air pressure 
and at a slower rate than used for syllable repetitions spoken during 
Day 2. 

Estimate velopharyngeal orifice area during Ipl in: 

Step 1. Ipapapapapal at a reduced rate (5 times) 
Step 2. Ipal with increased intraoral air pressure (5 times) 
Step 3. Ipapapapapal at a reduced rate and with increased 

intraoral air pressure (5 times) 



Appendix H. (continued) 

5. Estimate nasal pathway resistance during nasal exhalation (3 times) 

6. Task B. Production of Ipl by shaping from blowing. 

Estimate velopharyngeal orifice area during Ipl in: 

Step 1. lupal (5 times) 
Step 2. oral blowing followed by Ipal (5 times) 

7. Estimate nasal pathway resistance during nasal exhalation (3 times) 

Procedures for Second Session in which Stimulability Tasks for Ipl were 
Presented: 
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The first seven steps were the same as listed above for the first session in 
which stimulability tasks for Ipl were presented. Step 8 was administration of the 
Test of Nonverbal Intelligence, which took 15 - 20 minutes. 

Procedures for Both Sessions in which Stimulability Tasks for lsi were 
Presented: 

(The No Special Instructions condition always occurred immediately after the 
nasal resistance procedure. The order of presentation of Tasks C, D, and E 
was counterbalanced across subjects.) 

1. Check nasal patency and estimate nasal pathway resistance during nasal 
exhalation. (3 estimates of resistance) 

2. No Special Instructions condition 

Estimate velopharyngeal orifice area during: 

Ipl produced in Ipal (5 times) 
Ipl produced in Ipapapapapal (5 times) 
lsi produced in Isal (5 times) 
lsi produced in Isasasasasal (5 times) 
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Appendix H. (continued) 

3. Estimate nasal pathway resistance during nasal exhalation (3 times) 

4. Task C. Production of lsI in syllables with greater intraoral air pressure 
and at a slower rate than used for syllable repetitions spoken during 
Day 2. 

Estimate velopharyngeal orifice area during lsI in: 

Step 1. Isasasasasal at a reduced rate (5 times) 
Step 2. Isal with increased intraoral air pressure (5 times) 
Step 3. Isasasasasal at a reduced rate and with increased 

intraoral air pressure (5 times) 

5. Estimate nasal pathway resistance during nasal exhalation (3 times) 

6. Task D. Production of lsI by shaping from blowing. 

Estimate velopharyngeal orifice area during lsI in: 

Step 1. lusal (5 times) 
Step 2. oral blowing followed by Isal (5 times) 

7. Estimate nasal pathway resistance during nasal exhalation (3 times) 

8. Task E. Production of lsI by shaping from other obstruents. 

Estimate velopharyngeal orifice area during lsI in: 

Technique 1. leI or I S I to lsI (5 times) 
Technique 2. ItSatSatSatSats:al (5 times) 



Appendix I. 

SUBJECT CONSENT AND INSTRUCTIONS TO THE SUBJECTS FOR 
THE NO SPECIAL INSTRUCTIONS CONDITION AND 

THE STIMULABILITY TASKS 
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As required by law, all children gave their consent to participation in the 
study. The consent procedures also served to introduce the children to the tasks that 
would be required of them. Children who were able to read were asked to read and 
sign the following statement before beginning the study tasks: 

"Your mother/father has told us it is okay for you to do some 
listening, talking, and pointing for us. We are trying to see if we can 
help some of your muscles work better as you talk. The things you 
do with us will help us learn more about how to help some people 
who have speech problems. 

"You will do some listening, talking, and pointing for us. 
These are very much like things you may have done at times when 
your hearing and speech were checked. Later, you will come back to 
work with us again. During these visits, we will ask you to say 'p,' 
's,' or maybe both of these sounds. We will have you say these 
sounds in special ways--louder and longer than you usually do, after 
you blow, by moving your tongue in certain ways. 

"To find out how your muscles are working, it is necessary 
for us to put small glass bulbs in the openings of your nose and a 
small tube in your mouth. Do you understand? Is it OK?" 

Children who were too young to read were told: "Your mother/father has 
told us it's okay for you to do some listening, talking, and pointing for us today. 
You have probably already done most of these things when they've checked your 
hearing and your speech. Is it okay with you if we do these things?" Immediately 
before pressure and flow measurements were made, these children were told, 
"We're going to put this little glass bulb and little tube in your nose. And, we'll 
put this little tube in your mouth. Then, we want you to say 'pah.'" The tubes and 
nasal olives were disconnected from the transducers and the children were allowed 
to handle them and place them in their mouths or noses. The first time this was 
done the children were asked, "Is this okay with you?" On subsequent occasions, 
we simply reminded the children of where the tubes and nasal olives needed to be 
placed. 
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Appendix I. (continued) 

If a child seemed hesitant to let the tubes or nasal olive be placed in his or 
her mouth or nose, a variety of procedures was employed as needed. The 
experimenter explained that the intraoral pressure tube for /p/ "feels like a little 
straw," the curved intraoral pressure tube "feels like putting a little straw around 
your teeth," and the nasal olive "feels like putting your finger in your nose." The 
mother demonstrated putting a tube in her mouth or a tube or nasal olive in her 
nose, or placed a tube or nasal olive on the child for the first time. Similar 
procedures for helping children feel comfortable with this kind of equipment have 
been described recently by Lotz, D'Antonio, Chait, and Netsell (1993). 

Using these procedures, all subjects readily accepted placement of the tubes, 
nasal olive, and nasal mask. Initially, Subject 3 cried and refused placement of any 
of the devices. However, after his mother encouraged him in the manner just 
described, he accepted their placement without further discomfort or hesitation. 

The instructions for the No Special Instructions Condition and the 
stimulability tasks were given primarily through modeling and imitation, as 
described below. If a child did not readily imitate the task or follow the directions 
given below, we gave additional verbal instructions as deemed necessary to elicit 
correct production of the tasks. 

On Days 1 and 2, measurements of air pressure and flow were recorded 
while the subjects produced syllables or blowing with no special instructions but not 
while they practiced stimulability tasks. However, during practice of Tasks A and 
C, intraoral air pressure was monitored to insure that the subjects were following 
instructions to increase intraoral air pressure. 

Prior to practicing the stimulability tasks on Days 1 and 2, the subjects were 
introduced to the tasks as follows: "Now we're going to practice saying 'pah' and 
'sah' in lots of different ways." During Day 3 when the first measurements of nasal 
air flow, oral air pressure, and nasal air pressure were made, the subjects were 
introduced to the tasks as follows: "Today we're going to say lots and lots of 'pah' 
and 'sah' sounds. Remember that we've been saying 'pah' and 'sah' in lots of 
different ways. This time, I want to see what happens when you say these sounds. 
So, while you're saying the sounds, I need to put these tubes in your nose and 
mouth." 
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Appendix I. (continued) 

No Special Instructions Condition 

"Say just one /pa/, like this: (model production of one /pa/ syllable). You 
try it." 

"Say a whole bunch of /pal's. You try it." (Model a string of 7 or so /pa/ 
syllables only if the child does not produce a string of syllables on 
one breath group or produces them at a rate that seemed to be 
exceptionally fast or slow compared to his typical speech rate). 

Instructions for No Special Instructions condition for /s/ were analogous. 

Task A. Production of /p/ in syllables with greater intraoral air pressure and 
at a slower rate than used for syllable repetitions spoken during Day 2. 

Step 1. "Now say the /pal's right with these clicks. Say a lot of them, like 
this: (model a string of 7 or so /pa/ syllables in time with the beat of 
the metronome). You try it." 

Step 2. "Say /pa/ and make the /p/ pop louder, like this: (model a single 
/pa/ syllable, producing the /p/ with greater intraoral air pressure than 
used in the model for the No Special Instructions condition above so 
that the /p/ occlusion phase was slightly longer and the /p/ pI os ion 
sound was noticeably louder than usual). You try it." 

Step 3. "Now say a whole bunch of the /pal's with the /p/ popping loudly. 
Stay right with these clicks, like this: (model a string of 7 or so /pa/ 
syllables, producing the /p/ with greater intraoral air pressure and a 
slightly longer occlusion phase and producing the syllables 
simultaneously with the metronome clicks). You try it." 

Task B. Production of /p/ by shaping from blowing. 

Step 1. "Say this: /upa/." 

Step 2. ~'This time let's blow and then say /pa/, like this: (model the task 3 
or 4 times with about a 2-second pause between demonstrations). 
You try it." The blowing modeled in this task was gentle, easy 
blowing similar to blowing used to cool off soup (Shprintzen et al., 
1974) or to ease the pain of a cut finger. The blowing was produced 
with no noticeable extra, effortful body or facial movements. 
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Appendix I. (continued) 

Task C. Production of lsI in syllables with greater intraoral air pressure and at 
a slower rate than used for syllable repetitions spoken during Day 2. 

Instructions were analogous to instructions for Task A above, except that for 
Task C the syllable being produced is Isa/. For Step 2, the directions 
were to "make the lsi hiss louder." 

Task D. Production of lsi by shaping from blowing. 

Instructions were analogous to instructions for Task B above, except that for 
Task D the utterance produced in Step 1 was lusal and the syllable 
produced in Step 2 was Isa/. 

Task E. Production of lsI by shaping from other obstruents. 

Technique 1. "Now make a long I J :1 (or 18:/) and while you're holding 
onto it, move the tip of your tongue forward (or backward). Make it 
sound like this. (Model I J I to Is/--or, 181 to Is/--3 or 4 times with 
about a 2-second pause between demonstrations.) You try it." 

Technique 2. "Say 'tuh' 4 or 5 times quickly. Make the ItSI sounds hiss and 
make the last It I hiss a little longer than the others. Do it like this: 
(model ItSatSatSatSats:al 2 or 3 times). You try it." 
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Table 1. Age, sex and medical diagnosis of subjects 

Subject # Age Sex Medical Diagnosis 
on Day 1 of study 
(years; months) 

1 8;0 M No identified problem of 
craniofacial structure; inconsistent 
velopharyngeal closure and poor 
movement of left lateral 
pharyngeal wall 

2 6;7 F No identified problem of 
craniofacial structure; according 
to mother, physician "could see 
movement" of velopharyngeal 
mechanism 

3 5;6 M Repaired bilateral cleft lip and 
palate and pharyngeal flap 

4 13;3 M Repaired cleft lip and palate on 
the left side and pharyngeal flap 

5 5;9 F Repaired submucous cleft 

6 8;4 M Repaired bilateral cleft lip and 
palate associated with Van der 
Woude syndrome 

7 6;8 M Repaired cleft lip and palate on 
the right side 

8 14;7 M Klippel-Feil sequence; bifid 
uvula, palatal lift with obturator 
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Table 2. Characteristics of the two children who met the subject selection criteria 
but who did not complete the study. 

Age 

Gender 

Referral Source 

Medical History 
and Oral Mechanism 
Examination Findings 

Articulation with 
Nares Occluded 

Velopharyngeal Orifice Area 
in mm2 -- Mean (Standard 
Deviation) 

Ipl in strings 
of Ipal 

Ipl in strings 
of Ihremperl 

Nasal Airflow (in cc/sec) 

Ipl in strings 
of Ipal 

Child # 1 

5 years, 10 months 

female 

craniofacial 
disorders 
evaluation team 

repaired cleft 
of soft palate, 
uncovered fistula at 
junction of hard and 
soft palate 

Ipl, lsi, Itl, Ifl, 
19/, and I S I were 
produced correctly 

Child # 2 

5 years, 5 months 

male 

craniofacial 
disorders 
evaluation team 

submucous cleft, 
bifid uvula, 
enlarged tonsils 

Ipl and It I were 
produced correctly; 
It I substituted for lsi, If I , 
and 191; It S I substituted 
for I S I; stimulable for 
correct articulation of lsi 
and 191 

2.9 (0.5) fistula uncovered 10 (10) Day 1 
1.5 (1.1) fistula covered 10 « 10) Day 2 

3.8 (0.6) fistula uncovered 20 « 10) Day 1 
10 « 10) Day 2 

(except as indicated, fistula 
was uncovered) 

70 (10) fistula uncovered 100 (20) Day 1 
30 (20) fistula covered 80 (20) Day 2 

(table continues) 
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Table 2. (continued) 

Child # 1 Child # 2 

Nasal Airflow (in cc/sec) 

It! in strings 40 (10) 200 (60) Day 1 
of ltal 100 (60) Day 2 

lsi in strings 50 (10) 110 (50) Day 1 
of Isal 120 (60) Day 2 

If I in strings 30 (10) 100 (70) Day 1 
of Ifal 110 (50) Day 2 

(in It I for If I substitution) 

I S I in strings 20 (10) 70 (50) Day 1 
of I S al 40 (40) Day 2 

(in Ich! for Ish! 
substitution) 

191 in strings 40 (10) 100 (80) Day 1 
of leal 130 (70) Day 2 

Reason parent gave for Child did not want to Scheduling was difficult 
discontinuing child's continue because of because mother went to 
participation in the study discomfort when fistula school and worked and 

was covered. family lived a half hour 
away from the university. 
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Table 3. Characteristics of children who were referred for participation in the study 
but who did not meet subject selection criteria. Unless otherwise indicated, data 
were gathered using the procedures for Day 1. Dashes (---) indicate that no data 
were collected. 

Age 

Gender 

Referral Source 

Medical History and 
Oral Mechanism 
Examination Findings 

Articulation with 
Nares Occluded 

Velopharyngeal Orifice Area 
in mm2 

-- Mean (Standard 
Deviation) 

Child # 1 

3 years, 2 months 

female 

craniofacial disorders 
evaluation team 

no sign of soft palate 
problem or submucous 
cleft; lateral pharyngeal 
walls moved well 

Ipl was substituted 
for If I 

Ipl in strings 0.0 (0.1) 
of Ipal 

Ipl in strings 0.7 (0.5) 
of "hamper" 

Nasal Airflow (in cc/sec) 
Ipl in strings 0 « 10) 

of Ipal 
It I in strings 20 (20) 

of ltal 
lsi in strings 120 (60) 

of Isal 

Child # 2 

5 years, 7 months 

male 

craniofacial disorders 
evaluation team 

repaired cleft lip and 
palate; pharyngeal flap; 
Class III malocclusion and 
anterior openbite; Hay 
Well's syndrome 

interdental articulation 
of lsi, word final 
consonants omitted 
inconsistently 

0.0 (0.0) 

3.2 (1.2) 

0(0) 

10 (10) 

10 « 10) 

(table continues) 



Table 3 . (continued) . 

Nasal Airflow (in cc/sec) 

If I in strings 
of Ifal 

I S I in strings 
of I S al 

191 in strings 
of ISal 

Subject Selection 
Criterion Not Met 

Child # 1 

130 (50) 

170 (70) 

#7--Did not readily 
imitate the examiner's 
models of syllables 
during estimation of 
velopharyngeal orifice 
area and measurement 
of nasal airflow 

Child # 2 

< 10 (10) 

0(0) 

0(0) 

#3--Mean nasal airflow 
was less than 20 cclsec 

(table continues) 
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Table 3. (continued) Characteristics of children who were referred for participation 
in the study but who did not meet subject selection criteria. Unless otherwise 
indicated, data were gathered using the procedures for Day 1. Dashes (---) indicate 
that no data were collected. 

Age 

Gender 

Referral Source 

Medical History and 
Oral Mechanism 
Examination Findings 

Articulation with 
Nares Occluded 

Velopharyngeal Orifice Area 
in mm2 -- Mean (Standard 
Deviation) 

Ipl in strings 
of Ipal 

Ipl in strings 
of Ihremperl 

Nasal Airflow (in cc/sec) 
Ipl in strings 

of Ipal 
It I in strings 

of ltal 
I sl in strings 

of Isal 
If I in strings 

of Ifal 

Child # 3 

11 years, 0 months 

male 

school speech-language 
clinician 

repaired cleft of the 
soft palate 

lateralized production 
of lsi and I S I; 
dentalized production 
of It! 

0.2 (0.2) 

0.6 (0.6) 

< 10 « 10) 

0(0) 

10 (10) 

10 (10) 

Child # 4 

9 years, 5 months 

male 

craniofacial disorders 
evaluation team 

repaired cleft lip on the 
left and bilateral cleft 
palate; wore palatal 
expander; negative overjet 
of anterior upper teeth 

lateralized production 
of lsi and I S I; inconsis
tent tongue protrusion 
during lsi 

0.1 (0.2) 

0.1 (0.2) 

< 10 « 10) 

0(0) 

< 10 « 10) 

< 10 « 10) 

(table continues) 



Table 3. (continued) 

Nasal Airflow (in cc/sec) 

I S I in strings 
of I S al 

lei in strings 
of leal 

Subject Selection 
Criterion Not Met 

Child # 3 

10 (IO) 

#3--Mean nasal airflow 
was less than 20 cc/sec 

Child # 4 

< 10 (10) 

#3--Mean nasal airflow 
was less than 20 cc/sec 

(table continues) 
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Table 3. (continued) Characteristics of children who were referred for participation 
in the stUdy but who did not meet subject selection criteria. Unless otherwise 
indicated, data were gathered using the procedures for Day 1. Dashes (---) indicate 
that no data were collected. 

Age 

Gender 

Referral Source 

Medical History and 
Oral Mechanism 
Examination Findings 

Articulation with 
Nares Occluded 

Velopharyngeal ·Orifice Area 
in mm2 -- Mean (Standard 
Deviation) 

Child # 5 

6 years, 10 months 

male 

school speech-language 
clinician 

repaired bilateral cleft 
palate and unilateral 
cleft lip; uncovered 
oronasal fistula in 
anterior hard palate 

IkJ substituted for 
ItI;. lsI and I S I 
were produced too 
posteriorly 

Ipl in strings 0.5 (0.4) 
of Ipal 

Child # 6 

10 years, 7 months 

male 

craniofacial disorders 
evaluation team 

submucous cleft; bifid 
uvula; little movement of 
palate; videonasendoscopy 
showed air bubbles in 
small gap to the left of 
midline; multiple 
congenital anomalies of 
head and neck including 
limited neck mobility, 
small mandible, atresia of 
right ear, weakness of lips 
on right side; "club" feet 
and hands; cardiac 
problems 

good oral placement of 
obstruents tested in 
single words; intelligibility 
in conversational speech 
was reduced because he 
used little oral movement 
and talked while running 
out of air 

0.6 (0.5) 

(table continues) 
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Velopharyngea Orifice Area 
in mm2 -- Mean (Standard 
Deviation) 
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Child # 5 Child # 6 

Ipl in strings 0.6 (0.2) 1.5 (0.3) 
of Ihremperl 

Nasal Airflow (in cc/sec) 
Ipl in strings 

of Ipal 
It I in strings 

of ltal 
lsi in strings 

of Isal 
If I in strings 

of Ifal 
I J I in strings 

of I J al 
lei in strings 

of leal 

Subject Selection 
Criteria Not Met 

10 (10) 

o during IkJ for It I 
substitution 
0(0) 

20 (10) 

< 10 « 10) 

Nasal airflow during Ipl 
and If I may be escaping 
through uncovered fistula, 
or lsi and I J I may have 
had no nasal airflow 
because they were 
pharyngeal fricatives. 
Child was beginning to 
become uncooperative at 
end of Day 1 and 
airflows were small even 
with fistula open, there
fore, assessment with 
fistula uncovered was not 
completed. 

20 (20) 

20 (10) 

20 (10) 

10 « 10) 

10 (10) 

10 (10) 

Child was disqualified 
because his patterns of 
velopharyngeal function 
would have made it 
difficult to see 
effects of tasks. He 
tended to show one of two 
patterns: (1) high flow 
during the initial 2 or 3 
syllables of a string, with 
nasal flow gradually 
decreasing to 0 or less 
than 10 cclsec at end of 
the string, or (2) low nasal 
flow (0 to < 10 eel sec) 
throughout syllable string. 

(table continues) 
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Table 3. (continued) Characteristics of children who were referred for participation 
in the study but who did not meet subject selection criteria. Unless otherwise 
indicated, data were gathered using the procedures for Day 1. Dashes (---) indicate 
that no data were collected. 

Age 

Gender 

Referral Source 

Medical History and 
Oral Mechanism 
Examination Findings 

Articulation with 
Nares Occluded 

Velopharyngeal Orifice Area 
in mm2 

-- Mean (Standard 
Deviation) 

Ipl in strings 
of Ipal 

Ipl in strings 
of Ihremperl 

Nasal Airflow (in cc/sec) 

Ipl in strings 
of Ipal 

It! in strings . 
of ltal 

lsI in strings 
of Isal 

Child # 7 
3 years, 3 months 

male 

craniofacial disorders 
evaluation team 

velum not well 
visualized; left microtia 
with atresia; mandible 
smaller on left side than 
right 

Ipl substituted for If I ; 
It I or IkJ substituted for 
lsI; intelligibility reduced 
because of very soft voice 

< 0.1 (0.1) 

0.3 (0.4) 

< 10 « 10) 

30 (40) 

40 (40) during It I or 
IkJ substitution for lsI 

Child # 8 
7 years, 2 months 

male 

school speech-language 
clinician 

repaired bilateral cleft lip 
and palate; pharyngeal 
flap; large tonsils; absent 
central incisors; upper lip 
tightly stretched against 
upper dental arch 

interdental lsI; Ipl 
substituted for If I ; tongue 
dorsum used to produce 
It I ; oral distortion of I J I 

0.0 (0.0) 

1.1 (1.3) 

0(0) 

< 10 « 10) 

10 (10) 

(table continued) 



Table 3. (continued) 

Nasal Airflow (in cc/sec) 

If I in strings 
of Ifal 

I S I in strings 
of I S al 

191 in strings 
of 19a1 

Subject Selection 
Criterion Not Met 

Child # 7 Child # 8 

< 10 « 10) during 
Ipl for If I 

60 (20) < 10 « 1 0) 

< 10 « 10) 

#7--Did not readily #3--Mean nasal airflow 
imitate the examiner's was less than 20 cclsec 
models of syllables 
during estimation of 
velopharyngeal orifice 
area and measurement of 
nasal airflow 

(table continues) 
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Table 3. (continued) Characteristics of children who were referred for participation 
in the study but who did not meet subject selection criteria. Unless otherwise 
indicated, data were gathered using the procedures for Day 1. Dashes (---) indicate 
that no data were collected. 

Age 

Gender 

Referral Source 

Medical History and 
Oral Mechanism 
Examination Findings 

Articulation with 
Nares Occluded 

Velopharyngeal Orifice Area 
in mm2 

-- Mean (Standard 
Deviation) 

Ipl in strings 
of Ipal 

Ipl in strings 
of Ihremperl 

It I in strings 
of ltal 

I sl in strings 
of Isal 

I sl in strings 
of lrenserl 

If I in strings 
of Ifal 

Child # 9 

17 years, 4 months 

female 

craniofacial disorders 
evaluation team 

hemifacial microsomia; 
Class III skeletal 
malocclusion and 
crossbite; submucous 
cleft; flap done one 
month prior to her 
referral for this study 

Ipl, lsI, Itl, Ifl, 
191, and I f I produced 
correctly 

0.2 (0.3) Day 1 
0.3 (0.4) Day 2 
0.2 (0.3) Day 3 
5.2 (4.0) Day 1 
2.3 (1.0) Day 2 
0.3 (0.4) Day 2 

0.3 (0.5) Day 2 
0.4 (0.5) Day 3 
5.2 (2.5) Day 2 

0.7 (0.6) Day 2 

Child # 10 

13 years, 6 months 

female 

school speech-language 
clinician 

repaired unilateral cleft 
lip and palate; pharyngeal 
flap; small retruded 
maxilla; openbite; 
difficulty breathing 
through right nasal cavity; 
wore maxillary expansion 
device 

severe oral distortion of 
of lsI and other fricatives 

Because her family did not 
have a car, the experimen
ter went to the child's 
home to screen her for 
participation in the study. 
No audible emission was 
perceived during produc
tion of obstruents. Distor
tions of lsI and I f I were 
perceptually similar with 
nares unoccluded and 
occluded. A cold mirror 
was not clouded during 
obstruents in consonant
vowel syllable strings. 

(table continues) 
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Child # 9 

Velopharyngeal Orifice Area 
in mm2 -- Mean (Standard 
Deviation) 

! f I in strings 
of I f al 

lSI in strings 
of leal 

Nasal Airflow in cc/sec) 
Ipl in strings 

of Ipal 

It I in strings 
of ltal 

lsi in strings 
of Isal 

If I in strings 
of Ifal 

I f I in strings 
of I f al 

lei in strings 
of ISal 

Subject Selection 
Criterion Not Met 

0.5 (0.6) Day 2 
0.1 (0.2) Day 3 
0.2 (0.3) Day 2 

< 10 « 10) Day 1 
10 (10) Day 2 
< 10 (10) Day 3 
10 (10) Day 2 

10 (10) 
10 (10) 
20 (10) 

Day 2 
Day 3 
Day 2 

140 (40) Day 1 
10 (10) Day 2 
< 10 « 10) Day 3 
< 10 (10) Day 2 

#3--Mean nasal airflow 
was less than 20 cc/sec. 
On Day 1, this individual 
was selected to be in the 
study for stimulability 
testing of I fl. However, 
on Days 2 and 3, flow 
during I f I was much less 
than on Day 1. There
fore, she did not qualify 
for the study. 
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Child # 10 

Experimenter did not 
perceive audible nasal 
emission. It is possible 
that instrumental 
evaluation or perceptual 
evaluation under optimal 
listening conditions would 
have found evidence of 
velopharyngeal closure 
problems. However, 
given the results of the 
screening and the family's 
transportation problems, 
this child was disqualified 
as a subject. 

(table continues) 
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Table 3. (continued) Characteristics of children who were referred for participation 
in the study but who did not meet subject selection criteria. Unless otherwise 
indicated, data were gathered using the procedures for Day 1. Dashes (---) indicate 
that no data were collected. 

Child # 11 Child # 12 

Age 8 years, 5 months 9 years, 0 months 

Gender male female 

Referral Source craniofacial disorders school speech-language 
evaluation team clinician 

Medical History and bifid uvula, deep repaired cleft palate, with 
Oral Mechanism pharynx; "possible occult large oronasal fistula; 
Examination Findings cleft palate"; Class II mother said that two 

occlusion with severe operations to close fistula 
overbite have failed 

Articulation with Ipl, lsi, Itl, If I , IE)/, 
Nares Occluded and I f I produced correctly 

Velopharyngeal Orifice Area 
in mm2 

-- Mean (Standard 
Deviation) 

Ipl in strings 0.2 (0.1) 
of Ipal 

Ipl in strings 0.2 (0.1) 
of Ihremperl 

Nasal Airflow (in cc/sec) 
Ipl in strings 10 (10) 

of Ipal 
It I in strings < 10 « 10) 

of ltal 
lsi in strings 10 « 10) 

of Isal 
If I in strings 10 (10) 

of Ifal 
I f I in strings 10 (10) 

of I f al 
lei in strings < 10 « 10) 

of leal (table continues) 
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Subject Selection 
Criterion Not Met 

Child # 11 

#3--Mean nasal airflow 
was less than 20 cc/sec 
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Child # 12 

Infonnation obtained from 
school speech-language 
clinician indicated only a 
velopharyngeal function 
problem, but oral 
mechanism examination 
revealed that the child had 
a large uncovered orona sal 
opening. 

(table continues) 
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Table 3. (continued) Characteristics of children who were referred for participation 
in the study but who did not meet subject selection criteria. Unless otherwise 
indicated, data were gathered using the procedures for Day 1. 

Age 

Gender 

Referral Source 

Medical History and 
Oral Mechanism 
Examination Findings 

Articulation with 
Nares Occluded 

Child # 13 

6 years, 6 months 

male 

craniofacial disorders 
evaluation team 

repaired bilateral cleft 
lip and palate 

Ipl, lsi, It I , If I , lei, and 
I S I were produced correctly 

Velopharyngeal Orifice Area 
in mm2 -- Mean (Standard Deviation) 

Ipl in strings 0 
of Ipal 

Ipl in strings 0 
of Ihremperl 

Nasal Airflow (in cc/sec) 
Ipl in strings 

of Ipal 
It I in strings 

of ltal 
I sl in strings 

of Isal 
If I in strings 

of Ifal 
I S I in strings 

of I S al 
lei in strings 

of leal 

Subject Selection 
Criterion Not Met 

o 

o 

o 

o 

o 

o 

#3--Mean nasal airflow 
was less than 20 ccl sec 
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Table 4. Summary of results of speech mechanism examinations. 

1 

Fistula No 

Palatal arch Unremarkable 

Appliance No 

Premaxilla Unremarkable 

Occlusion of Molars 
Left Class I 

Right Class I 

Anterior bite Unremarkable 

Other Small space between 
permanent central 
maxillary incisors 

Nasal pathway resistance 
on Day 1 4.4 cm HzO/LPS 

Subject number 

2 

No 

Unremarkable 

One artificial tooth in the 
right maxillary arch was 
held in place by a metal 
brace 

Unremarkable 

Class I with linguoversion 
of molars 
Class I with linguoversion 
of molars 

Excessive overjet; spaces 
between lateral and central 
incisors in both maxillary 
and mandibular arches 

Uvula shaped like upside 
down triangle with base at 
the top and point at the 
bottom 

(table continues) 
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Table 4. (continued) Summary of results of speech mechanism examinations. 

Subject number 

3 4 

Fistula No No 

Palatal arch Repaired bilateral cleft Repaired cleft lip and 
and palate; narrow, palate on the left; high 
vaulted appearance; with narrow palatal vault 
appliance in place, arch 
was flat 

Appliance Palatal appliance to pre- Maxillary expansion 
vent arch from collapsing device 

Premaxilla Protruding, free floating Sightly protruded 

Occlusion of Molars 
Left Class II Class II 
Right Class II Class II 

Anterior bite Closed bite Closed bite; slight 
excessive overjet 

Other Upper lip extended down Left central incisor 
to cover central maxillary missing; left canine tooth 
teeth loose 

Nasal pathway resistance 
on Day 1 5.0 cm HzO/LPS 5.4 cm HzO/LPS 

(table continues) 



288 

Table 4 .. (continued) Summary of results of speech mechanism examinations. 

Fistula 

Palatal arch 

Appliance 

Premaxilla 

Occlusion of Molars 
Left 
Right 

Anterior bite 

Other 

Nasal pathway resistance 
on Day 1 

5 

No 

Repaired submucous 
cleft 

None 

Unremarkable 

Class III 
Class III 

Negative overjet of 
central and anterior 
maxillary incisors 

Large tonsils 

Subject number 

6 

No 

Bilateral cleft lip and 
palate; tongue flap in 
center of palate 

None 

Unremarkable 

Class II 
Class III 

Excessive overjet; teeth 
missing on right front 
side; both central incisors 
turned to left side 

Tongue scarred on left 
side; buccal flap on both 
sides "to hold bone graft 
in" according to mother; 
large tonsils 

(table continues) 
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Table 4. (continued) Summary of results of speech mechanism examinations. 

Fistula 

Palatal arch 

Appliance 

Premaxilla 

Occlusion of Molars 
Left 

Right 

Anterior bite 

Other 

Nasal pathway resistance 
on Day 1 

Subject number 

7 

No 

Repaired cleft lip and 
palate on the right side, 
very noticeable scarring 

None 

Unremarkable 

Class I 

Class III 

Negative overjet anterior 
of maxillary incisors 

Absent uvula 

8 

No 

Minimal velar movement 
on phonation; velar 
movement was 
symmetrical 

Palatal lift with obturator 

Unremarkable 

Class I, with crossbite of 
one maxillary tooth 
Class I 

Closed bite 

Short neck; limited ability 
to open mouth and tum 
head left and right; could 
not visualize uvula; tongue 
fills oral cavity 
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Table 5. Results of screening hearing and nonverbal intelligence. 

Subject # Results of Test of Nonverbal Intelligence 
pure-tone hearing 
screening percentile z-score 

1 passed bilaterally 79 0.8 

2 failed bilaterally 42 -0.2 
at 500 Hz; passed at 
other frequencies 

3 failed bilaterally 90 1.3 
at 500 Hz; passed at 
other frequencies 

4 passed bilaterally 31 -0.5 

5 passed bilaterally 48 -0.1 

6 passed bilaterally 75 0.7 

7 passed in right ear; 63 0.3 
failed in left ear at 
500 and 1000 Hz 

8 passed bilaterally 1 -2.2 
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Table 6. Subject 1. Means, standard deviations, and ranges of estimated 
velopharyngeal orifice area* and nasal airflow for consonants produced on Days 1 
and 2. Consonants were produced without special instructions in strings of syllables 
or words. (Measures of nasal airflow are rounded to the nearest ten.) 

Estimated Velopharyngeal Nasal Airflow 
Orifice Area (in mm2

) (in cc/sec) 

Mean Standard Range Mean Standard Range 
Deviation Deviation 

DAY 1 
Ipl in Ipal 4.3 2.2 1.3-9.4 90 30 30 - 150 

4.0 1.8 1.3 - 8.2 

Ipl in Ihremperl 12.3 9.5 4.7 - 28.5 160 60 80 - 240 
8.7 3.7 4.4 - 13.8 

DAY 2 
Ipl in Ipal 5.0 2.2 1.6 - 9.2 90 30 40 - 140 

4.7 1.9 1.6 - 8.6 

Ipl in Ihremperl 5.9 2.6 2.9 - 7.5 100 30 60 - 130 
5.6 2.4 2.8 - 7.0 

lsI in Isal 3.3 2.8 0.1-9.1 60 50 0-160 
3.1 2.5 0.1 - 8.0 

lsI in lrenserl 4.4 2.0 2.5 - 7.4 100 30 70 - 130 
4.2 1.7 2.5 - 6.7 

It I in ltal 1.9 0.8 0.9 - 3.8 50 20 20 - 90 
1.9 0.8 0.9 - 3.7 

If I in Ifal 2.3 2.3 0.2 - 6.9 50 40 0-120 
2.2 2.1 0.2 - 6.4 

ISlinlSal 3.1 2.6 0.0 - 7.2 50 40 0-140 
3.0 2.5 0.0 - 6.8 

181 in 18al 3.0 2.3 0.0 - 8.1 60 40 0-150 
2.7 2.0 0.0 - 6.8 

*For each utterance, the first estimated velopharyngeal orifice area is Area 1 and 
the second estimated area is Area 2. See text pp. 130 - 131 and 153 - 154. 
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Table 7. Subject 1. Means and standard deviations of estimated velopharyngeal 
orifice area* during /p/ produced without special instructions on Days 1 through 6. 

DAY 1 

DAY 2 

DAY 3 

DAY 4 

DAY 5 

DAY 6 

Estimated Velopharyngeal 
Orifice Area for /p/ in 
Single-Syllable Productions 
of /pa/ (in mm2) 

Mean 

2.9 

4.4 

2.6 
2.5 

3.6 
3.4 

Standard 
Deviation 

0.9 

0.9 

0.9 
0.9 

2.3 
2.0 

Estimated Velopharyngeal 
Orifice Area for /p/ in 
Strings of /pa/ (in mm2

) 

Mean 

4.3 
4.0 

5.0 
4.7 

3.7 

3.1 

2.6 
2.6 

3.7 
3.6 

Standard 
Deviation 

2.2 
1.8 

2.2 
1.9 

1.9 

1.7 

0.8 
0.8 

1.9 
1.8 

* The first estimated velopharyngeal orifice area is Area 1 and the second 
estimated area immediately below the first is Area 2. Hyphens (-) indicate that 
computation of Area 1 was not possible because one side of the nasal cavities was 
completely blocked. 
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Table 8. Subject 1. Means and standard deviations of estimated velopharyngeal 
orifice area* during lsI produced without special instructions on Days 2 through 6. 

DAY 2 

DAY 3 

DAY 4 

DAY 5 

DAY 6 

Estimated Velopharyngeal 
Orifice Area for lsI in 
Single-Syllable Productions 
Productions of Isal (in mm2

) 

Mean 

7.4 
6.3 

2.5 

2.7 
2.6 

8.3 
7.4 

Standard 
Deviation 

2.5 
1.8 

0.6 

0.9 
0.8 

3.2 
2.2 

Estimated Velopharyngeal 
Orifice Area for lsI in 
Strings of Isal (in mm2

) 

Mean 

3.3 
3.1 

3.7 

2.3 

1.8 
1.8 

3.1 
2.9 

Standard 
Deviation 

2.8 
2.5 

2.2 

1.1 

0.9 
0.9 

2.0 
1.7 

* The first estimated velopharyngeal orifice area is Area 1 and the second estimated 
area immediately below the first is Area 2. Hyphens (-) indicate that computation 
of Area 1 was not possible because one side of the nasal cavities was completely 
blocked. 
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Table 9. Subject 1. Means and standard deviations (SD) of estimated 
velopharyngeal orifice area* during Ipl produced under the No Special Instructions 
(NSI) condition and under Task A on Days Sand 6. Third and sixth columns 
indicate whether stimulability criteria were met for each stimulability task step. 

DAYS 
NSI 

Task A: 
Step 1. 
Slow Rate 

Step 2. Ipl 
in Ipal with 
Greater Po 

Step 3. 
Slow Rate & 
Greater Po 

DAY 6 
NSI 

Task A: 
Step 1. 
Slow Rate 

Step 2. Ipl 
in Ipal with 
Greater Po 

Step 3. 
Slow Rate & 
Greater Po 

Estimated Velopharyngeal 
Orifice Area for Ipl in 
Single-Sy Hable Productions 
of Ipal (in mm2) 

Mean SD Criteria 
Met 

2.6 0.9 
2.S 0.9 

a + 
2.0 2.6 b 
1.9 2.S c 

d 

3.6 2.3 
3.4 2.0 

a + 
1.8 0.8 b 
1.7 0.8 c 

d 

Estimated Velopharyngeal 
Orifice Area for Ipl in 
Strings of Ipal (in mm2

) 

Mean SD Criteria 
Met 

2.6 0.8 
2.6 0.8 

a + 
2.2 I.S b 
2.1 1.4 c 

d 

a + 
I.S 1.2 b 
I.S 1.1 c 

3.7 1.9 
3.6 1.8 

d 
e 

a 
4.3 1.6 b 
4.0 1.3 c 

d 

a 
S.3 1.8 b 
S.O 1.4 c 

d 
e 

* The first area is Area 1 and the second area immediately below the first is Area 2. 
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Table 10. Subject 1. Means and standard deviations (SD) of estimated 
velopharyngeal orifice area* during /p/ produced under the No Special Instructions 
(NSI) condition and under Task B on Days 5 and 6. Third column indicates 
whether stimulability criteria were met for each stimulability task step. 

Estimated Velopharyngeal Estimated Velopharyngeal 
Orifice Area for /p/ in Orifice Area for /p/ in 
Single-Syllable Productions Strings of /pa/ (in mm2

) 

of /pa/ (in mm2
) 

Mean SD Criteria Met Mean SD 

DAY 5 

NSI 2.6 0.9 2.6 0.8 
2.5 0.9 2.6 0.8 

Task B: a 
b 

Step 1. 3.5 1.6 c 
/upa/ 3.5 1.5 d 

a + 
Step 2. 1.5 0.9 b 
blow to /pa/ 1.5 0.9 c 

d 
e 

DAY 6 
NSI 3.6 2.3 3.7 1.9 

3.4 2.0 3.6 1.8 
Task B: a 

b 
Step 1. 3.7 1.6 c 
/upa/ 3.6 1.6 d 

a 
Step 2. 3.6 2.5 b 
blow to /pa/ 3.5 2.4 c 

d 
e 

* The first area is Area 1 and the second area immediately below the first is Area 2. 
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Table 11. Subject 1. Means and standard deviations (SD) of estimated 
velopharyngeal orifice area* during /p/ produced under the No Special Instructions 
(NSI) condition and under modification of Task B on Day 6. Third column 
indicates whether stimulability criteria were met. 

DAY 6 

NSI 

Modified 
task. ** 
blow to /pa/ 
after shape 
oral blowing 

Estimated Velopharyngeal 
Orifice Area for /p/ in 
Single-Syllable Productions 
of /pa/ (in mm2) 

Mean SD Criteria Met 

3.6 2.3 
3.4 2.0 

Estimated Velopharyngeal 
Orifice Area for /p/ in 
Strings of /pa/ (in mm2

) 

Mean SD 

3.7 1.9 
3.6 1.8 

0.5 0.2 a + (for first set of 5) 
0.5 0.2 b + 

c + 
d + 
e + 

0.6 0.4 (for three sets of 5) 
0.6 0.4 

* The first area is Area 1 and the second area immediately below the first is Area 2. 

** See Results (p. 156 - 157) for an explanation of this modification of Task B. 
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Table 12. Subject 1. Means and standard deviations (SD) of estimated 
velopharyngeal orifice area* during lsi produced under the No Special Instructions 
(NSI) condition and under Task C on Days 3 and 4. Third and sixth columns 
indicate whether stimulability criteria were met for each stimulability task step. 

DAY 3 
NSI 

Task C: 
Step 1. 
Slow Rate 

Step 2. lsi 
in Isal with 
Greater Po 

Step 3. 
Slow Rate & 
Greater Po 

DAY 4 
NSI 

Task C: 
Step 1. 
Slow Rate 

Step 2. lsi 
in Isal with 
Greater Po 

Step 3. 
Slow Rate & 

Estimated Velopharyngeal Estimated Velopharyngeal 
Orifice Area for lsi in Orifice Area for lsi in 
Single-Syllable Productions Strings of Isal (in mm2

) 

of Isal (in mm2
) 

Mean SD Criteria 

7.4 2.5 
6.3 1.8 

Met 

a + 
b 

2.8 1.8 c 

2.5 0.6 

d 

a + 
b 

2.6 1.6 c 
d 

Mean SD Criteria 
Met 

3.7 2.2 
a + 
b 

1.2 0.6 c 

1.5 

2.3 

1.5 

d 

a + 
b 

1.6 c 

1.1 

d 
e 

a + 
b 

1.8 c 
d 

a + 
b 
c 

1.3 0.6 d 
Greater Po e 

* The first area is Area 1 and the second area immediately below the first is Area 2. 
Hyphens (-) indicate that computation of Area 1 was not possible because one side 
of the nasal cavities was completely blocked. 
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Table 13. Subject 1. Means and standard deviations (SD) of estimated 
velopharyngeal orifice area* during lsi produced under the No Special Instructions 
(NSI) condition and under Task D on Days 3 and 4. Third column indicates 
whether stimulability criteria were met for each stimulability task step. 

DAY 3 
NSI 

Task D: 

Step 1. 
lusal 

Step 2. 
blow to Isal 

DAY 4 
NSI 

Task D: 

Step 1. 

Estimated Velopharyngeal 
Orifice Area for lsi in 
Single-Syllable Productions 
of Isal (in mm2) . 

Mean SD Criteria Met 

7.4 2.5 
6.3 1.8 

a + 
b 
c 

4.3 0.9 d 

a + 
b ± 

1. 7 1.6 c 
d 
e 

2.5 0.6 
a 
b 
c 

lusal 3.5 0.5 d 

a + 
Step 2. b 
blow to Isal 1.6 1.4 c 

d 
e 

Estimated Velopharyngeal 
Orifice Area for lsi in 
Strings of Isal (in mm2

) 

Mean SD 

3.7 2.2 

2.3 1.1 

* The first area is Area 1 and the second area immediately below the first is Area 2. 
Hyphens (-) indicate that computation of Area 1 was not possible because one side 
of the nasal cavities was completely blocked. 
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Table 14. Subject 1. Means and standard deviations (SD) of estimated 
velopharyngeal orifice area* during lsi produced under the No Special Instructions 
(NSI) condition and under Task E on Days 3 and 4. Third column indicates 
whether stimulability criteria were met for each stimulability task step. 

DAY 3 
NSI 

Task E: 

Technique 1. 

Estimated Velopharyngeal 
Orifice Area for lsi in 
Single-Syllable Productions 
of Isal (in mm2

) 

Mean SD Criteria 

7.4 
6.3 

2.5 
1.8 

Met 

a + 
b + 

191 to Isal 1.9 0.7 c 

Technique 2. 
ItStStStsal 2.2 0.7 

DAY 4 
NSI 

Task E: 

Technique 1. 
191 to Isal 

Technique 2. . 
ItSftStsal 

2.5 0.6 

0.2 0.2 

2.0 0.8 

d 

a + 
b + 
c 
d 

a + 
b + 
c + 
d + 

a + 
b 
c 
d 

Estimated Velopharyngeal 
Orifice Area for lsi in 
Strings of Isal (in mm2) 

Mean SD 

3.7 2.2 

2.3 1.1 

*The first area is Area 1 and the second area immediately below the first is Area 2. 
Hyphens indicate that computation of Area 1 was not possible because one side of 
the nasal cavities was completely blocked. 
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Table 15. Subject 2. Means, standard deviations, and ranges of estimated 
velopharyngeal orifice area * and nasal airflow for consonants on Days 1 and 2. 
Consonants were produced without special instructions in strings of syllables or 
words. (Measures of nasal airflow are rounded to the nearest ten.) 

DAY 1 
Ipl in Ipal 

Ipl in Ihremperl 

DAY 2 
Ipl in Ipal 

Ipl in Ihremperl 

lsI in Isal 

lsI in lrenserl 

It! in ltal 

If I in Ifal 

ISlinlSal 

lSI in ISal 

Estimated Velopharyngeal 
Orifice Area (in mm2

) 

Mean Standard Range 
Deviation 

17.3 20.3 2.7 - 78.0 
5.1 1.3 2.5 - 7.8 

22.4 7.4 15.8 - 33.4 
3.2 0.3 2.8 - 3.5 

18.6 24.8 
7.0 4.8 

28.4 20.7 
13.9 5.6 

2.1 - 68.2 
2.1 - 15.2 

8.2 - 53.5 
7.4 - 20.1 

4.4 6.4 0.7 - 23.9 
3.5 4.1 0.7 - 17.4 

14.0 4.6 8.8 - 20.7 

2.7 4.3 0.3 - 17.8 
2.3 3.1 0.3 - 12.7 

2.1 1.6 0.3 - 5.7 
2.0 1.4 0.3 - 5.2 

1.0 0.7 0.0 - 2.5 

2.0 1.2 0.3 - 4.3 

Nasal Airflow 
(in cc/sec) 

Mean Standard Range 
Deviation 

130 40 70 - 200 

80 10 70 - 100 

160 100 50 - 320 

280 70 210 - 360 

80 90 20 - 380 

280 50 200 - 350 

50 60 10 - 240 

40 20 10 - 90 

20 10 0-50 

50 30 10 - 100 

*For each utterance, the first area is Area 1 and the second area immediately below 
the first is Area 2 (see pp. 130 - 131, 167). Hyphens (-) indicate that Area 1 could 
not be computed because one side of the nasal cavities was completely blocked. 
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Table 16. Subject 2. Means and standard deviations of estimated velopharyngeal 
orifice area* during /p/ produced without special instructions on Days 1 through 6. 

DAY 1 

DAY 2 

DAY 3 

DAY 4 

DAY 5 

DAY 6 

Estimated Velopharyngeal 
Orifice Area for /p/ in 
Single-Syllable Productions 
of /pa/ (in mm2

) 

Mean 

3.6 

6.1 
5.8 

8.9 
6.9 

6.6 
5.5 

Standard 
Deviation 

2.8 

2.0 
1.9 

1.9 
0.9 

5.4 
3.4 

Estimated Velopharyngeal 
Orifice Area for /p/ in 
Strings of /pa/ (in mm2) 

Mean 

17.3 
5.1 

18.6 
7.0 

1.5 

4.3 
4.1 

5.4 
5.2 

2.6 
2.7 

Standard 
Deviation 

20.3 
1.3 

24.8 
4.8 

0.6 

1.9 
1.7 

1.5 
1.3 

2.0 
2.2 

* The first area is Area 1 and the second area immediately below the first is Area 
2. Hyphens (-) indicate that Area 1 could not be computed because one side of the 
nasal cavities was completely blocked. 
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Table 17. Subject 2. Means and standard deviations of estimated velopharyngeal 
orifice area* during lsi produced without special instructions on Days 2 through 6. 

DAY 2 

DAY 3 

DAY 4 

DAY 5 

DAY 6 

Estimated Velopharyngeal 
Orifice Area for lsi in 
Single-Syllable Productions 
of Isal (in mm2

) 

Mean 

2.7 

4.5 
4.4 

7.9 
7.1 

4.8 
4.3 

Standard 
Deviation 

0.3 

1.2 
1.1 

3.1 
2.2 

2.9 
2.2 

Estimated Velopharyngeal 
Orifice Area for lsi in 
Strings of Isal (in mm2) 

Mean 

4.4 
3.5 

1.8 

3.3 
3.2 

5.6 
5.3 

3.1 
2.9 

Standard 
Deviation 

6.4 
4.1 

1.1 

1.8 
1.5 

2.1 
1.8 

1.8 
1.5 

* The first area is Area 1 and the second area immediately below the first is Area 
2. Hyphens (-) indicate that Area 1 could not be computed because one side of the 
nasal cavities was completely blocked. 
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Table 18. Subject 2. Means and standard deviations (SD) of estimated 
velopharyngeal orifice area* during /p/ produced under the No Special Instructions 
(NSI) condition and under Task A on Days 3 and 4. Third and sixth columns 
indicate whether stimulability criteria were met for each stimulability task step. 

Estimated Velopharyngeal Estimated Velopharyngeal 
Orifice Area for /p/ in Orifice Area for /p/ in 
Single-Syllable Productions Strings of /pa/ (in mm2) 

of /pa/ (in mm2
) 

Mean SD Criteria Mean SD Criteria 
DAY 3 Met Met 
NSI 

3.6 2.8 1.5 0.6 
Task A: a 
Step 1. b 
Slow Rate 2.8 1.3 c 

a + d 
Step 2. /p/ b 
in /pa/ with 3.4 1.4 c 
Greater Po d 

Step 3. On Day 3, Subject 2 did not reach 
Slow Rate & criterion performance for Step 3 of 
Greater Po Task A. 

DAY 4 
NSI 6.1 2.0 4.3 1.9 

5.8 1.9 4.1 1.7 
Task A: a + 
Step 1. b 
Slow Rate 3.8 1.0 c 

a + d 
Step 2. /p/ b 
in /pa/ with 4.4 1.6 c 
Greater Po d 

a 
Step 3. b 
Slow Rate & . 5.0 2.4 c 
Greater Po d 

e 
* The first area is Area 1 and the second area immediately below the first is Area 
2. Hyphens (-) indicate that Area 1 could not be computed because one side of the 
nasal cavities was completely blocked. 
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Table 19. Subject 2. Means and standard deviations (SD) of estimated 
velopharyngeal orifice area* during /p/ produced under the No Special Instructions 
(NSI) condition and under Task B on Days 3 and 4. Third column indicates 
whether stimulability criteria were met for each stimulability task step. 

DAY 3 
NSI 

Task B: 
Step 1. 
/upa/ 

Step 2. 
blow to /pa/ 

DAY 4 
NSI 

Task B: 
Step 1. 
/upa/ 

Step 2. 
blow to /pa/ 

Estimated Velopharyngeal 
Orifice Area for /p in 
Single-Syllable Productions 
of /pa/ (in mm2

) 

Mean SD Criteria Met 

3.6 2.8 
a + 
b 

1.7 0.9 c 
d 

a + 
b + 

0.3 0.2 c + 
d + 
e + 

6.1 2.0 
5.8 1.9 

a 
7.1 3.0 b 
6.4 2.1 c 

d 

a + 
1.6 0.3 b + 
1.6 0.3 c 

d 
e + 

Estimated Velopharyngeal 
Orifice Area for /p/ in 
Strings of /pa/ (in mm2

) 

Mean SD 

1.5 0.6 

4.3 1.9 
4.1 1.7 

*The first area is Area 1 and the second area immediately below the first is Area 2. 
Hyphens indicate that Area 1 could not be computed because one side of the nasal 
cavities was completely blocked. 
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Table 20. Subject 2. Means and standard deviations (SD) of estimated 
velopharyngeal orifice area* during lsI produced under the No Special Instructions 
(NSI) condition and under Task C on Days 5 and 6. Third and sixth columns 
indicate whether stimulability criteria were met for each stimulability task step. 

DAY 5 
NSI 

Task C: 
Step 1. 
Slow Rate 

Step 2. lsI 
in Isal with 
Greater Po 

Step 3. 
Slow Rate & 
Greater Po 

DAY 6 
NSI 

Task C: 
Step 1. 
Slow Rate 

Step 2. lsI 
in Isal with 
Greater Po 

Step 3. 
Slow Rate & 
Greater Po 

Estimated Velopharyngeal 
Orifice Area for lsI in 
Single-Syllable Productions 
of Isal (in mm2

) 

Mean SD Criteria 

7.9 3.1 
7.1 2.2 

5.4 1.3 
5.2 1.1 

4.8 2.9 
4.3 2.2 

2.5 1.3 
2.3 1.1 

Met 

a + 
b 
c 
d 

a + 
b ± 
c 
d ± 

Estimated Velopharyngeal 
Orifice Area for lsI in 
Strings of Isal (in mm2) 

Mean SD Criteria 
Met 

5.6 2.1 
5.3 1.8 

a 
5.9 2.7 b 
5.3 2.2 c 

d 

a 
9.3 5.2 b 
7.7 3.0 c 

3.1 1.8 
2.9 1.5 

d 
e 

a + 
2.9 1.0 b 
2.7 0.8 c 

d 

a + 
2.1 2.6 b 
1.6 0.9 c 

d 
e 

*The first area is Area 1 and the second area immediately below the first is Area 2. 
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Table 21. Subject 2. Means and standard deviations (SD) of estimated of 
velopharyngeal orifice area* during lsi produced under the No Special Instructions 
(NSI) condition and under Task D on Days 5 and 6. Third column indicates 
whether stimulability criteria were met for each stimulability task step. 

Estimated Velopharyngeal Estimated Velopharyngeal 
Orifice Area for lsi in Orifice Area for lsi in 
Single-Syllable Productions Strings of Isal (in mm2) 

of Isal (in mm2
) 

Mean SD Criteria Met Mean SD 
DAYS 

NSI 7.9 3.1 5.6 2.1 
7.1 2.2 5.3 1.8 

Task D: 
a 

Step 1. 9.6 2.6 b 
lusal 8.5 2.0 c 

d 

a + 
Step 2. 0.7 0.3 b + 
blow to Isal 0.7 0.3 c + 

d + 
e + 

DAY 6 

NSI 4.8 2.9 3.1 1.8 
4.3 2.2 2.9 1.5 

Task D: 
a 

Step 1. 7.2 1.7 b 
lusal 5.4 0.7 c 

d 

a + 
Step 2. 0.7 0.1 b + 
blow to Isal 0.7 0.1 c + 

d + 
e + 

*The first area is Area 1 and the second area immediately below the first is Area 2. 



307 

Table 22. Subject 2. Means and standard deviations (SD) of estimated 
velopharyngeal orifice area* during lsI produced under the No Special Instructions 
(NSI) condition and under Task E on Days 5 and 6. Third column indicates 
whether stimulability criteria were met for each stimulability task step. 

Estimated Velopharyngeal Estimated Velopharyngeal 
Orifice Area for lsI in Orifice Area for lsI in 
Single-Syllable Productions Strings of Isal (in mm2) 

of Isal (in mm2
) 

Mean SD Criteria Met Mean SD 
DAY 5 
NSI 7.9 3.1 5.6 2.1 

7.1 2.2 5.3 1.8 
Task E: a + 
Technique 1. 0.8 0.6 b + 
I S I to Isal 0.8 0.6 c + 

d + 
a + 

Technique 1. 4.2 1.3 b + 
191 to Isal 3.8 0.8 c 

d 
a + 

Technique 2. 3.3 1.3 b + 
ItStStStsal 3.2 1.2 c 

d 
DAY 6 
NSI 4.8 2.9 3.1 1.8 

4.3 2.2 2.9 1.5 
Task E: a + 
Technique 1. 0.8 0.5 b + 
I S I to Isal 0.8 0.5 c + 

d + 
a + 

Technique 1. 3.3 1.3 b 
191 to Isal 3.0 0.9 c 

d 
a + 

Technique 2. 0.9 0.4 b + 
ItStStStsal 0.9 0.4 c + 

d + 
*The first area is Area 1 and the second area immediately below the first is Area 2. 
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Table 23. Subject 3. Means, standard deviations (SD), and ranges of estimated 
velopharyngeal orifice area * and nasal airflow for consonants produced on Days 1 
and 2. Consonants were produced without special instructions in strings of syllables 
or words. (Measures of nasal airflow are rounded to the nearest ten.) 

Estimated Velopharyngeal Nasal Airflow 
Orifice Area (in mm2) (in cc/sec) 

Mean SD Range 
DAY 1 
Ipl in Ipal 

Ipl in Ihremperl 

lsI in Isal 

DAY 2 
Ipl in Ipal 

Ipl in Ihremperl 

lsI in Isal 

IkI in kit 
substitution in ltal 

I.S 0.6 0.9 - 2.9 
I.S 0.6 0.9 - 2.S 

34.7 24.2 3.4 - 71.0*** 
13.4 6.0 3.0 - 17.S 

** 

0.4 0.2 0.0 - O.S 
0.3 0.2 0.0 - O.S 

6.1 3.8 1.6 - 10.8 
4.9 3.0 1.5 - 9.1 

** 

** 

If I in Ifal 0.3 0.2 0.0 - 0.6 
0.2 0.0 - 0.6 0.3 

If I in Ihremferl 8.6 
5.1 

I S I in I S al ** 

leI in leal ** 

3.4 5.5 - 14.9 
1.4 3.2 - 6.9 

Mean SD Range 

40 10 20 - 60 

140 70 30 - 220 

300 60 220 - 400 

10 10 0-20 

90 40 40 - 130 

240 60 120 - 350 

20 10 10 - 40 

10 0 0-10 

80 20 50 - 100 

30 30 10 - 110 

10 10 10 - 30 
*The first area is Area 1 and the second area immediately below the first is Area 2. 
See text pp. 130 - 131. 
** Area could not be computed for these sounds because the intraoral air pressure 
tube would not stay in place. 
***The very large values could have been caused by measurement error. See text 
p. 182. 
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Table 24. Subject 3. Means and standard deviations of estimated velopharyngeal 
orifice area* during /p/ produced without special instructions on Days 1 through 6. 

DAY 1 

DAY 2 

DAY 3 

DAY 4 

DAY 5 

DAY 6 

Estimated Velopharyngeal 
Orifice Area for /p/ in 
Single-Syllable Productions 
of /pa/ (in mm2

) 

Mean 

0.1 
0.1 

0.0 
0.0 

0.9 
0.9 

3.6 
3.5 

Standard 
Deviation 

0.3 
0.2 

0.0 
0.0 

0.3 
0.3 

0.7 
0.6 

Estimated Velopharyngeal 
Orifice Area for /p/ in 
Strings of /pa/ (mm2

) 

Mean 

1.8 
1.8 

0.4 
0.3 

0.1 
0.1 

0.1 
0.1 

1.1 
1.1 

2.8 
2.8 

Standard 
Deviation 

0.6 
0.6 

0.2 
0.2 

0.2 
0.2 

0.1 
0.1 

0.3 
0.3 

0.3 
0.3 

*The first orifice area is Area 1 and the second area immediately below the first is 
Area 2. 
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Table 25. Subject 3. Means and standard deviations of nasal airflow during lsi 
produced without special instructions on Days 2 through 6. 

DAY 1 

DAY 2 

DAY 3 

DAY 4 

DAYS 

DAY 6 

Nasal airflow during lsi 
in Single-Syllable 
Productions of Isal 
(in cc/sec) 

Mean 

290 

340 

310 

320 

Standard 
Deviation 

40 

70 

40 

70 

Nasal airflow during lsi 
in Strings of Isal 
(in cc/sec) 

Mean 

300 

240 

260 

190 

210 

280 

Standard 
Deviation 

60 

60 

70 

60 

60 

30 
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Table 26. Subject 3. Means and standard deviations (SD) of nasal airflow during 
lsi made under No Special Instructions (NSI) condition and under Task C on Days 3 
and 4. Third and sixth columns indicate whether stimulability criteria were met for 
each stimulability task step. 

Nasal Airflow during lsi Nasal Airflow during lsi 
in Single-Syllable in Strings of I sal 
Productions of Isal (in cc/sec) 
(in cc/sec) 

Mean SD Criteria Mean SD Criteria 
Met Met 

DAY 3 
NSI 290 40 260 70 

Task C: a + 
Step 1. 250 70 b 
Slow Rate c 

a d 
Step 2. lsi 340 40 b 
in Isal with c 
Greater Po d 

a 
Step 3. 360 60 b 
Slow Rate & c 
Greater Po d 

e 

DAY 4 
NSI 340 70 190 60 

Task C: a 
Step 1. 270 80 b 
Slow Rate c 

a d 
Step 2. lsi 370 30 b 
in Isal with c 
Greater Po d 

a 
Step 3. 340 40 b 
Slow Rate & c 
Greater Po d 

e 
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Table 27. Subject 3. Means and standard deviations (SD) of nasal airflow during 
lsi made under No Special Instructions (NSI) condition and under Task D on Days 3 
'and 4. Third column indicates whether stimulability criteria were met for each 
stimulability task step. 

Nasal Airflow during lsi Nasal Airflow during lsi 
in Single-Syllable in Strings of I sal 
Productions of Isal (in cc/sec) 
(in cc/sec) 

Mean SD Criteria Met Mean SD 

DAY 3 

NSI 290 40 260 70 

Task D: 
a 

Step 1. 310 50 b 
lusal c 

d 

a + 
Step 2. 170 30 b + 
blow to Isal c 

d ± 
e + 

DAY 4 

NSI 340 70 190 60 

Task D: 
a 

Step 1. 350 50 b 
lusal c 

d 

a + 
Step 2. 190 30 b + 
blow to Isal c 

d ± 
e + 



Table 28. Subject 3. Means and standard deviations of nasal airflow during lsi 
made under No Special Instructions (NSI) condition and under Task E on Days 3 
and 4. Third column indicates whether stimulability criteria were met for each 
stimulability task step. 
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Nasal Airflow during lsi 
in Single-Syllable 
Productions of I sal 

Nasal airflow during lsi 
in Strings of I sal 

DAY 3 

NSI 

Task E: 

Technique 1. 
lSI to Is:1 

Technique 1. 
lSI to Isal 

DAY 4 

NSI 

Task E: 

Technique 1. 
lSI to Is:1 

Technique 1. 
lSI to Isal 

(in cc/sec) 
(in cc/sec) 

Mean SD Criteria Met Mean SD 

290 40 260 70 

130 140 (for first 5 instances of this task) 
60 90 (for second 5 instances of this task) 
10 0 (for third 5 instances of this task) 

a + 
80 70 b + (for first 5) 

c 
d + 

0 0 (for last 2) 

340 70 190 60 

180 30 (for first 4 instances of this task) 
o 0 (for second 4 instances of this task) 

a + 
160 20 b + 

c 
d + 
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Table 29. Subject 3. Means and standard deviations (SD) of nasal airflow during 
lsi made under No Special Instructions (NSI) condition and under Task E on Days 3 
and 4. Third column indicates whether stimulability criteria were met for each 
stimulability task step. 

DAY 3 

NSI 

Task E: 

Technique 1. 
I S I to Is:1 

Technique 1. 
I S I to Isal 

DAY 4 

NSI 

Technique 1. 
I S I to Is:1 

Technique 1. 
I J I to Isal 

Nasal Airflow during lsi 
in Single-Syllable 
Productions of Isal 
(in cc/sec) 

Mean SD Criteria Met 

290 40 

50 

10 

340 

20 
10 

10 

60 

a + 
10 b + 

c + 
d + 

70 

20 (for first 5) 
o (for last 2) 

a + 
10 b + 

c + 
d + 

Nasal airflow during lsi 
in Strings of I sal 
(in cc/sec) 

Mean SD 

260 70 

190 60 



315 

Table 30. Subject 3. Means and standard deviations (SD) of nasal airflow for lsi 
under No Special Instructions (NSI) condition and under Task D (Step 2 and a 
variation of Step 2) on Days 5 and 6. 

DAY 5 

NSI 

Task D: 
blow to Is:1 

blow to Is:1 
watching 
V'N trace 

DAY 6 

NSI 

Task D: 
blow to Is:1 

blow to Is:1 
watching 
V'N trace 

Nasal Airflow during lsi in 
Single-Syllable Productions 
of Isal (in cc/sec) 

Mean 

310 

140 

130 

320 

50 
110 

180 

Standard 
Deviation 

40 

40 

30 

70 

20 
20 

50 
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Table 31. Subject 4. Means, standard deviations, and ranges of estimated 
velopharyngeal orifice area and nasal airflow for consonants produced on Days 1 
and 2. Consonants were produced without special instructions in strings of syllables 
or words. 

Estimated Velopharyngeal Nasal Airflow 
Orifice Area (in mm2

) (in cc/sec) 

Mean Standard Range Mean Standard Range 
Deviation Deviation 

DAY 1 

Ipl in Ipal 9.9 5.7 3.4 - 18.2 200 100 70 - 340 

Ipl in Ihremperl 11.1 2.5 8.1 - 15.1 210 40 160 - 270 

DAY 2 

Ipl in Ipal 2.3 0.9 1.1 - 4.3 50 20 20 - 90 

Ipl in Ihremperl 3.3 0.6 2.6 - 4.0 60 10 50 - 70 

lsI in Isal 2.1 0.7 1.0 - 3.3 40 20 20 - 80 

lsI in lrenserl 5.8 1.9 3.8 - 8.6 130 30 90 - 180 

It! in ltal 3.1 1.2 1.5 - 4.9 70 30 30 - 110 

If I in Ifal 1.6 0.8 0.3 - 2.6 30 20 10 - 60 

ISlinlSal 1.3 0.7 0.0 - 2.7 30 20 0-60 

lSI in leal 2.2 0.5 1.0 - 3.0 50 10 20 - 60 

*Estimated velopharyngeal orifice areas in this table and all other tables for Subject 
4 are Area 1. 
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Table 32. Subject 4. Means and standard deviations of estimated velopharyngeal 
orifice area during /pl produced without special instructions on Days 1 through 6. 

DAY 1 

DAY 2 

DAY 3 

DAY 4 

DAY 5 

DAY 6 

Estimated Velopharyngeal 
Orifice Area for Ipal in 
Single-Sy Hable Prodllctions 
of Ipal (in mm2

) 

Mean 

5.4 

5.3 

7.3 

5.3 

Standard 
Deviation 

1.2 

2.5 

2.3 

2.5 

Estimated Velopharyngeal 
Orifice Area for Ipl in 
Strings of Ipal (in mrn2

) 

Mean 

9.9 

2.3 

3.1 

3.5 

2.9 

3.8 

Standard 
Deviation 

5.7 

0.9 

1.3 

1.1 

0.9 

1.3 
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Table 33. Subject 4. Means and standard deviations of estimated velopharyngeal 
orifice area during lsi produced without special instructions on Days 2 through 6. 

DAY 2 

DAY 3 

DAY 4 

DAYS 

DAY 6 

Estimated Velopharyngeal 
Orifice Area for lsi in 
Single-Syllable Productions 
of Isal (in mm2

) 

Mean 

6.3 

4.6 

4.2 

5.8 

Standard 
Deviation 

2.5 

1.9 

1.3 

1.0 

Estimated Velopharyngeal 
Orifice Area for lsi in 
Strings of Isal (in mm2

) 

Mean 

2.1 

2.6 

3.5 

6.3 

3.7 

Standard 
Deviation 

0.7 

1.3 

1.0 

2.0 

1.0 
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Table 34. Subject 4. Means and standard deviations (SD) of estimated 
velopharyngeal orifice area during Ipl produced under the No Special Instructions 
(NSI) condition and under Task A on Days 3 and 4. Third and sixth columns 
indicate whethere stimulability criteria were met for each stimulability task step. 

DAY 3 
NSI 

Task A: 
Step 1. 
Slow Rate 

Step 2. Ipl 
in Ipal with 
Greater Po 

Step 3. 
Slow Rate & 
Greater Po 

DAY 4 
NSI 

Task A: 
Step 1. 
Slow Rate 

Step 2. Ipl 
in Ipal with 
Greater Po 

Step 3. 
Slow Rate & 
Greater Po 

Estimated Velopharyngeal 
Orifice Area for Ipl in 
Single-Sy Hable Productions 
of Ipal (in mm2) 

Mean SD Criteria 

5.4 1.2 

Met 

a + 
b 

4.2 1.1 c 

5.3 2.5 

d 

a + 
b 

3.7 1.6 c 
d 

Estimated Velopharyngeal 
Orifice Area for Ipl in 
Strings of Ipal (in mm2

) 

Mean SD Criteria 

3.1 1.3 

Met 

a + 
b 

2.3 0.7 c 
d 

a 
b 

4.2 1.3 c 

3.5 1.1 

d 
e 

a 
b 

3.5 2.0 c 

1.8 

d 

a + 
b 

1.2 c 
d 
e 
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Table 35. Subject 4. Means and standard deviations (SD) of estimated 
velopharyngeal orifice area during Ipl produced under the No Special Instructions 
(NSI) condition and under Task B on Days 3 and 4. Third column indicates 
whether stimulability criteria were met for each stimulability task step. 

DAY 3 

NSI 

Task B: 

Step 1. 

Estimated Velopharyngeal 
Orifice Area for Ipl in 
Single-Syllable Productions 
of Ipal (in mm2

) 

Mean SD Criteria Met 

5.4 1.2 

a 
b 

lupal 5.5 0.8 c 
d 

a + 
Step 2. b + 
blow to Ipal 1.3 0.7 c 

DAY 4 

NSI 

Task B: 

Step 1. 
lupal 

Step 2. 
blow to Ipal 

5.3 2.5 

d + 
e + 

a + 
b ± 

2.3 0.8 c 
d ± 

a + 
b 

2.9 1.0 c 
d 
e 

Estimated Velopharyngeal 
Orifice Area for Ipl in 
Strings of Ipal (in mm2

) 

Mean SD 

3.1 1.3 

3.5 ·1.1 
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Table 36. Subject 4. Means and standard deviations (SD) of estimated 
velopharyngeal orifice area during lsi produced under the No Special Instructions 
(NSI) condition and under Task C on Days 5 and 6. Third and sixth columns 
indicate whether stimulability criteria were met for each stimulability task step 

Estimated Velopharyngeal Estimated Velopharyngeal 
Orifice Area for lsi in Orifice Area for lsi in 
Single-Syllable Productions Strings of Isal (in mm2

) 

of Isal (in mm2
) 

Mean SD Criteria Mean SD Criteria 

Met Met 
DAY 5 
NSI 4.2 1.3 6.3 2.0 

Task C: a + 
Step 1. b 
Slow Rate 2.0 0.5 c 

a + d 
Step 2. lsi b ± 
in Isal with 2.7 0.6 c 
Greater Po d 

a + 
Step 3. b 
Slow Rate & 3.9 0.7 c 
Greater Po d 

e 
DAY 6 
NSI 5.8 1.0 3.7 1.0 

Task C: a + 
Step 1. b 
Slow Rate 3.5 0.7 c 

a + d 
Step 2. lsi b + 
in Isal with 2.9 0.3 c 
Greater Po d 

a + 
Step 3. b 
Slow Rate & 3.6 1.3 c 
Greater Po d 

e 
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Table 37. Subject 4. Means and standard deviations (SD) of estimated 
velopharyngeal orifice area during lsi produced under the No Special Instructions 
(NSI) condition and under Task D on Days 5 and 6. Third column indicates 
whether stimulability criteria were met for each stimulability task step. 

Estimated Velopharyngeal Estimated Velopharyngeal 
Orifice Area for lsi in Orifice Area for lsi in 
Single-Syllable Productions Strings of Isal (in mm2

) 

of Isal (in mm2
) 

Mean SD Criteria Met Mean SD 

DAY 5 

NSI 4.2 1.3 6.3 2.0 

Task D: 
a + 

Step 1. b 
lusal 3.8 0.9 c 

d 

a + 
Step 2. b 
blow to Isal 1.9 1.6 c 

d 
e 

DAY 6 

NSI 5.8 1.0 3.7 1.0 

Task D: 
a + 

Step 1. b 
lusal 4.8 0.8 c 

d 

a + 
Step 2. b + 
blow to Isal 2.8 0.4 c 

d 
e + 



Table 38. Subject 4. Means and standard deviations (SD) of estimated 
velopharyngeal orifice area during lsi produced under the No Special Instructions 
(NSI) condition and under Task E on Days 5 and 6. Third column indicates 
whether stimulability criteria were met for each stimulability task step. 
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Estimated Velopharyngeal 
Orifice Area for lsi in 
Single-Sy llable Productions 
of I sal (in mm2

) 

Estimated Velopharyngeal 
Orifice Area for lsi in 
Strings of Isal (in mm2

) 

DAY 5 

NSI 

Task E: 

Technique 1. 
I S I to Isal 

DAY 6 

NSI 

Task E: 

Technique 1. 
I S I to Isal 

Mean SD Criteria Met 

4.2 1.3 

a + 
b 

3.6 0.5 c 
d 

5.8 1.0 

a + 
b ± 

5.0 1.8 c 
d 

Mean SD 

6.3 2.0 

3.7 1.0 
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Table 39. Subject 5. Means, standard deviations, and ranges of estimated 
velopharyngeal orifice area * and nasal airflow for consonants produced on Days 1 
and 2. Consonants were produced without special instructions in strings of syllables 
or words. 

Estimated Velopharyngeal Nasal Airflow 
Orifice Area (in mm2

) (in mm2
) 

Mean Standard Range Mean Standard Range 
Deviation Deviation 

DAY 1 

Ipl in Ipal 1.9 0.8 0.5 - 3.2 40 20 10 - 70 

Ipl in Ihremperl 0.5 0.1 0.4 - 0.7 10 < 10 10 - 20 

DAY 2 

Ipl in Ipal 2.1 0.7 0.8 - 3.4 40 20 10 - 70 

Ipl in Ihremperl 1.1 0.4 0.4 - 1.6 20 10 10 - 40 

lsi in Isal ** 180 40 110 - 250 

It I in ltal ** 60 20 40 - 100 

If I in Ifal 8.2 3.6 4.4 - 19.3 110 40 70 - 220 

If I in Ihremferl 9.0 6.2 3.9 - 33.8 100 20 50 - 220 

I S I in I S al ** 100 30 30 - 160 

191 in ISal ** 60 20 30 - 120 

*Estimated velopharyngeal orifice areas in this table and all other tables for Subject 
5 are Area 1. 

** Area could not be computed for these sounds because the intraoral air pressure 
tube would not stay in place. 
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Table 40. Subject 5. Means and standard deviations of estimated velopharyngeal 
orifice area during Ipl produced without special instructions on Days 1 through 6. 

DAY 1 

DAY 2 

DAY 3 

DAY 4 

DAY 5 

DAY 6 

Estimated Velopharyngeal 
Orifice Area for Ipl in 
Single-Syllable Productions 
of Ipal (in mm2) 

Mean 

3.3 

2.2 

2.1 

4.1 

Standard 
Deviation 

1.9 

0.5 

1.0 

3.1 

Estimated Velopharyngeal 
Orifice Area for Ipl in 
Strings of Ipal (in mm2

) 

Mean 

1.9 

2.1 

1.4 

3.6 

2.1 

2.3 

Standard 
Deviation 

0.8 

0.7 

0.7 

1.7 

1.2 

0.6 
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Table 41. Subject 5. Means and standard deviations of estimated velopharyngeal 
orifice area during If I produced without special instructions on Days 2 through 6. 

DAY 2 

DAY 3 

DAY 4 

DAY 5 

DAY 6 

Estimated Velopharyngeal 
Orifice Area for If I in 
Single-Syllable Productions 
of Ifal (in mm2

) 

Mean 

5.9 

7.5 

2.8 

6.9 

Standard 
Deviation 

2.1 

5.4 

0.8 

3.1 

Estimated Velopharyngeal 
Orifice Area for If I in 
Strings of Ifal (in mm2

) 

Mean 

8.2 

4.3 

4.4 

2.3 

5.6 

Standard 
Deviation 

3.6 

1.4 

1.4 

1.6 

1.6 
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Table 42. Subject 5. Means and standard deviations (SD) of estimated 
velopharyngeal orifice area during /p/ produced under the No Special Instructions 
(NSI) condition and under Task A on Days 5 and 6. Third and sixth columns 
indicate whether stimulability criteria were met for each stimulability task step. 

Estimated Velopharyngeal Estimated Velopharyngeal 
Orifice Area for /p/ in Orifice Area for /p/ in 
Single-Syllable Productions Strings of /pa/ (in mm2

) 

of /pa/ (in mm2
) 

Mean SD Criteria Mean SD Criteria 
Met Met 

DAY 5 
NSI 2.1 1.0 2.1 1.2 

Task A: a + 
Step 1. b 
Slow Rate 1.0 0.4 c 

a + d 
Step 2. /p/ b + 
in /pa/ with 0.3 0.1 c + 
Greater Po d + 

a + 
Step 3. b 
Slow Rate & 1.0 0.6 c 
Greater Po d 

e 
DAY 6 
NSI 4.1 3.1 2.3 0.6 

Task A: a + 
Step 1. b 
Slow Rate 2.1 0.6 c 

a + d 
Step 2. /p/ b + 
in /pa/ with 0.5 0.4 c + 
Greater Po d ± 

a + 
Step 3. b ± 
Slow Rate & 0.7 0.3 c + 
Greater Po d 

e 
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Table 43. Subject 5. Means and standard deviations (SD) of estimated 
velopharyngeal orifice area during Ipl produced under the No Special Instructions 
(NSI) condition and under Task B on Days 5 and 6. Third column indicates 
whether stimulability criteria were met for each stimulability task step. 

Estimated Velopharyngeal Estimated Velopharyngeal 
Orifice Area for Ipl in Orifice Area for Ipl in 
Single-Syllable Productions Strings of Ipal (in mm2

) 

of Ipal (in mm2
) 

Mean SD Criteria Met Mean SD 

DAY 5 

NSI 2.1 1.0 2.1 1.2 

Task B: 
a + 

Step 1. b + 
lupal 0.5 0.2 c + 

d + 

a + 
Step 2. b ± 
blow to Ipal 0.3 0.4 c + 

d ± 
e 

DAY 6 

NSI 4.1 3.1 2.3 0.6 

Task B: 
a + 

Step 1. b + 
lupal 0.7 0.3 c + 

d ± 

a + 
Step 2. b 
blow to Ipal 1.4 0.6 c 

d 
e 
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Table 44. Subject 5. Means and standard deviations (SD) of estimated 
velopharyngeal orifice area during If I produced under the No Special Instructions 
(NSI) condition and under Task C on Days 3 and 4. Third and sixth columns 
indicate whether stimulability criteria were met for each stimulability task step. 

Estimated Velopharyngeal Estimated Velopharyngeal 
Orifice Area for If I in Orifice Area for If I in 
Single-Syllable Productions Strings of Ifal (in mm2) 

of Ifal (in mm2
) 

Mean SD Criteria Mean SD Criteria 
Met Met 

DAY 3 
NSI 5.9 2.1 4.3 1.4 

Task C: a + 
Step 1. b 
Slow Rate 2.5 1.4 c 

a + d 
Step 2. If I b + 
in Ifal with 0.8 0.2 c + 
Greater Po d + 

a + 
Step 3. b 
Slow Rate & 2.5 1.6 c 
Greater Po d 

e 
DAY 4 
NSI 7.5 5.4 4.4 1.4 

Task C: a + 
Step 1. b 
Slow Rate 2.7 1.4 c 

a + d 
Step 2. If I b + 
in Ifal with 1.1 0.4 c 
Greater Po d + 

a + 
Step 3. b 
Slow Rate & 2.3 1.5 c 
Greater Po d 

e 
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Table 45. Subject 5. Means and standard deviations (SD) of estimated 
velopharyngeal orifice area * during If I produced under the No Special condition and 
under Task D on Days 3 and 4. Third column indicates whether stimulability 
criteria were met for each stimulability task step. 

DAY 3 

NSI 

Task D: 

Step 1. 
lufal 

Step 2. 
blow to Ifal 

DAY 4 

NSI 

Task D: 

Step 1. 
lufal 

Step 2. 
blow to Ifal 

Estimated Velopharyngeal 
Orifice Area for If I in 
Single-Syllable Productions 
of Ifal (in mm2

) 

Mean SD Criteria Met 

5.9 2.1 

4.7 1.1 

1.4 2.0 

7.5 5.4 

a + 
b 
c 
d 

a + 
b ± 
c 
d ± 
e ± 

a + 
b 

3.6 0.6 c 
d 

a + 
b 

3.6 0.3 c 
d 
e 

Estimated Velopharyngeal 
Orifice Area for If I in 
Strings of Ifal (in mm2

) 

Mean SD 

4.3 1.4 

4.4 1.4 
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Table 46. Subject 6. Means, standard deviations, and ranges of estimated 
velopharyngeal orifice area and nasal airflow for consonants produced on Days 1 
and 2. Consonants were produced without special instructions in strings of syllables 
or words. 

Estimated Velopharyngeal Nasal Airflow 
Orifice Area (in mm2

) (in cc/sec) 

Mean Standard Range Mean Standard Range 
Deviation Deviation 

DAY 1 

Ipl in Ipal 0.4 0.4 0.0 - 1.2 10 10 0-30 

Ipl in Ihremperl 3.2 0.4 2.8 - 3.8 60 10 60 - 80 

DAY 2 

Ipl in Ipal 0.3 0.7 0.0 - 2.5 10 20 0-50 

Ipl in Ihremperl 5.8 3.3 0.0 - 9.9 100 50 0-170 

lsI in Isal 0.2 0.5 0.0 - 1.7 <10 10 0-30 

lsI in lrenserl 1.5 1.3 0.0 - 2.8 30 30 0-60 

It! in ltal 6.3 8.0 0.0-21.1 70 60 0-170 

If I in Ifal 0.6 1.0 0.0 - 3.6 10 20 0-70 

ISlinlSal 1.1 0.7 0.0 - 2.2 30 20 0-40 

leI in leal 0.0 0.2 0.0 - 0.6 <10 < 10 0-10 

*Estimated velopharyngeal orifice areas in this table and all other tables for Subject 
6 are Area 1. . 
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Table 47. Subject 6. Means and standard deviations of estimated velopharyngeal 
orifice area during Ipl produced without special instructions on Days 1 through 6. 

DAY 1 

DAY 2 

DAY 3 

DAY 4 

DAY 5 

DAY 6 

Estimated Velopharyngeal 
Orifice Area for Ipl in 
Single-Syllable Productions 
of Ipal (in mm2

) 

Mean 

0.8 

0.5 

0.4 

1.5 

Standard 
Deviation 

1.3 

1.0 

0.5 

0.6 

Estimated Velopharyngeal 
Orifice Area for Ipl in 
Strings of Ipal (in mm2

) 

Mean 

0.4 

0.3 

0.4 

1.0 

0.3 

1.3 

Standard 
Deviation 

0.4 

0.7 

0.7 

0.8 

0.4 

0.7 
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Table 48. Subject 6. Means and standard deviations of estimated velopharyngeal 
orifice area during It! produced without special instructions on Days 2 through 6. 

DAY 2 

DAY 3 

DAY 4 

DAYS 

DAY 6 

Estimated Velopharyngeal 
Orifice Area for It! in 
Single-Syllable Productions 
of ltal (in mm2

) 

Mean 

1.8 

0.2 

0.9 

0.0 

Standard 
Deviation 

2.4 

0.2 

I.S 

0.0 

Estimated Velopharyngeal 
Orifice Area for It! in 
Strings of ltal (in mm2) 

Mean 

6.3 

1.9 

0.2 

0.1 

1.0 

Standard 
Deviation 

8.0 

6.6 

0.4 

0.1 

O.S 
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Table 49. Subject 6. Means and standard deviations of estimated velopharyngeal 
orifice area during lsi produced without special instructions on. Days 2 through 6. 

DAY 2 

DAY 3 

DAY 4 

DAYS 

DAY 6 

Estimated Velopharyngeal 
Orifice Area for lsi in 
Single-Syllable Productions 
of Isal (in mm2

) 

Mean 

1.8 

0.8 

0.8 

I.S 

Standard 
Deviation 

1.4 

0.9 

0.3 

1.0 

Estimated Velopharyngeal 
Orifice Area for lsi in 
Strings of Isal (in mm2) 

Mean 

0.2 

1.7 

O.S 

O.S 

1.1 

Standard 
Deviation 

O.S 

0.8 

0.7 

O.S 

0.8 
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Table 50. Subject 6. Means and standard deviations of estimated velopharyngeal 
orifice area during / S / produced without special instructions on Days 2 through 6. 

DAY 2 

DAY 3 

DAY 4 

DAY 5 

DAY 6 

Estimated Velopharyngeal 
Orifice Area for / S / in 
/ S / in Single-Syllable 
of / S a/ (in mm2

) 

Mean 

1.8 

1.1 

1.5 

1.2 

Standard 
Deviation 

1.4 

0.7 

0.6 

0.3 

Estimated Velopharyngeal 
Orifice Area for / S / in 
Strings of / S a/ (in mm2

) 

Mean 

1.1 

2.3 

1.2 

1.0 

0.7 

Standard 
Deviation 

0.8 

1.2 

0.6 

0.7 

0.5 
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Table 51. Subject 6. Means and standard deviations (SD) of estimated 
velopharyngeal orifice area during I S I produced under the No Special Instructions 
(NSI) condition and under Task C on Days 3, 4, and 6. Third and sixth columns 
indicate whether stimulability criteria were met for each stimulability task step. 

Estimated Velopharyngeal Estimated Velopharyngeal 
Orifice Area for I S I in Orifice Area for I S I in 
Single-Syllable Productions Strings of I S al (in mm2

) 

of I S al (in mm2
) 

Mean SD Criteria Mean SD Criteria 
Met Met 

DAY 3 
NSI 1.8 1.4 2.3 1.2 

Task C: a + 
Step 1. b 
Slow Rate 1.0 1.0 c 

a d 
Step 2. I S I 1.9 0.3 b 
in I S al with c 
Greater Po d 

a + 
Step 3. b 
Slow Rate & 1.6 0.6 c 
Greater Po d 

e 
DAY 4 
NSI 1.1 0.7 1.2 0.6 

Task C: a + 
Step 1. b 
Slow Rate 1.0 0.7 c 

a d 
Step 2. I S I b 
in I S al with 1.2 0.4 c 
Greater Po d 

a + 
Step 3. b 
Slow Rate & 1.1 1.0 c 
Greater Po d 

e 
(table continues) 
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Table 51. (continued) Subject 6. Means and standard deviations (SD) of estimated 
velopharyngeal orifice area during I J I produced under the No Special Instructions 
(NSI) condition and under Task C on Days 3, 4, and 6. Third and sixth columns 
indicate whether stimulability criteria were met for each stimulability task step. 

DAY 6 

NSI 

Task C: 
Step 1. 
Slow Rate 

Step 2. I J I 
in I J al with 
Greater Po 

Step 3. 
Slow Rate & 
Greater Po 

Estimated Velopharyngeal 
Orifice Area for I J / in 
Single-Sy llable Productions 
of I J al (in mm2

) 

Mean SD Criteria 
Met 

1.2 0.3 

a 
b 

2.0 0.7 c 
d 

Estimated Velopharyngeal 
Orifice Area for / J I in 
Strings of I J a/ (in mm2

) 

Mean SD Criteria 
Met 

0.7 0.5 

a 
b 

1.2 0.7 c 
d 

a 
b 

0.9 0.5 c 
d 
e 



Table 52. Subject 6. Means and standard deviations (SD) of estimated 
velopharyngeal orifice area during lsI produced under the No Special Instructions 
(NSI) condition and under Task C on Day 5. Third and sixth columns indicate 
whether stimulability criteria were met for each stimulability task step. 

338 

Estimated Velopharyngeal 
Orifice Area for lsI in 
Single-Syllable Productions 
of Isal (in mm2) 

Estim~ted Velopharyngeal 
Orifice Area for lsI in 
Strings of Isal (in mm2

) 

DAY 5 

NSI 

Task C: 

Step 1. 
Slow Rate 

Step 2. lsI 
in Isal with 
Greater Po 

Step 3. 
Slow Rate & 
Greater Po 

Mean SD Criteria 
Met 

0.8 0.3 

a + 
b 

0.4 0.3 c 
d 

Mean SD Criteria 

0.5 0.5 

Met 

a + 
b 

0.3 0.3 c 
d 

a 
b 

0.7 0.5 c 
d 
e 
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Table 53. Subject 6. Means and standard deviations (SD) of estimated 
velopharyngeal orifice area during I S I produced under the No Special Instructions 
(NSI) condition and under Task D on Days 3, 4, and 6. Third column indicates 
whether stimulability criteria were met for each stimulability task step. 

DAY 3 

NSI 

Task D: 
Step 1. 
lu S al 

Step 2. 
blow to I S al 

DAY 4 

NSI 

Task D: 
Step 1. 
lu S al 

Step 2. 
blow to I S al 

Estimated Velopharyngeal 
Orifice Area for I S I in 
Single-Syllable Productions 
of I S al (in mm2

) 

Mean SD Criteria Met 

1.8 1.4 

a + 
b + 

0.4 0.3 c + 
d 

a + 
b + 

0.1 0.1 c + 
d ± 
e ± 

1.1 0.7 

a + 
b ± 

0.1 0.2 c + 
d ± 

a + 
b 

0.3 0.4 c + 
d 
e 

Estimated Velopharyngeal 
Orifice Area for I S I in 
Strings of I S al (in mm2) 

Mean SD 

2.3 1.2 

1.2 0.6 

(table continues) 
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Table 53. (continued) Subject 6. Means and standard deviations (SD) of estimated 
velopharyngeal orifice area during I J I produced under the No Special Instructions 
(NSI) condition and under Task D on Days 3, 4, and 6. Third column indicates 
whether stimulability criteria were met for each stimulability task step. 

DAY 6 

NSI 

Task D: 
Step 1. 
lu J al 

Step 2. 
blow to I J al 

Estimated Velopharyngeal 
Orifice Area for I J I in 
Single-Sy lIable Productions 
of I J al (in mm2) 

Mean SD Criteria Met 

1.2 0.3 

a 
b 

1.2 0.6 c 
d 

a + 
b + 

0.1 0.2 c + 
d ± 
e + 

Estimated Velopharyngeal 
Orifice Area for I J I in 
Strings of I J al (in mm2

) 

Mean SD 

0.7 0.5 



Table 54. Subject 6. Means and standard deviations (SD) of estimated 
velopharyngeal orifice area during lsi produced under the No Special Instructions 
(NSI) condition and under Task D on Day 5. Third column indicates whether 
stimulability criteria were met for each stimulability task step. 
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Estimated Velopharyngeal 
Orifice Area for lsi in 
Single-Syllable Productions 
of Isal (in mm2

) 

Estimated Velopharyngeal 
Orifice Area for lsi in 
Strings of Isal (in mm2) 

Mean SD Criteria Met Mean SD 

DAY 5 

NSI 0.8 0.3 0.5 0.5 

Task D: 
a + 

Step 1. b ± 
lusal 0.3 0.3 c + 

d 

a + 
Step 2. b + 
blow to Isal 0.1 0.2 c + 

d + 
e + 
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Table 55. Subject 6. Means and standard deviations (SD) of estimated 
velopharyngeal orifice area during I J I produced under the No Special Instructions 
(NSI) condition and under Task E on Days 3, 4, and 6. Third column indicates 
whether stimulability criteria were met for each stimulability task step. 

Estimated Velopharyngeal Estimated Velopharyngeal 
Orifice Area for I J I in Orifice Area for I J I in 
Single-Syllable Productions Strings of I J al (in mm2

) 

of I J al (in mm2
) 

Mean SD Criteria Met Mean SD 

DAY 3 

NSI 1.8 1.4 2.3 1.2 

Task E: 
a + 

Technique 1. b 
191 to I J al 0.2 0.3 c 

d 

DAY 4 

NSI 1.1 0.7 1.2 0.6 

Task E: 
a + 

Technique 1. b 
191 to I J al 0.7 0.5 c 

d 

DAY 6 

NSI 1.2 0.3 0.7 0.5 

Task E: 
a + 

Technique 1. b + 
191 to I J al 0.5 0.3 c + 

d 
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Table 56. Subject 7. Means, standard deviations, and ranges of estimated 
velopharyngeal orifice area* and nasal airflow for consonants produced on Days 1 
and 2. Consonants were produced without special instructions in strings of syllables 
or words. 

Estimated Velopharyngeal Nasal Airflow 
Orifice Area (in mm2

) (in cc/sec) 

Mean Standard Range Mean Standard Range 
Deviation Deviation 

DAY 1 

Ipl in Ipal 33.8 10.2 15.5 - 49.0 180 40 110 - 240 

Ipl in Ihremperl 38.2 11.6 22.3 - 49.1 160 70 120 - 250 

DAY 2 

Ipl in Ipal 26.4 15.3 11.2-71.6 100 60 60 - 200 

Ipl in Ihremperl 41.7 9.3 25.5-48.7 170 20 130 - 190 

lsI in Isal ** 90 30 50 - 140 

It I in ltal ** 90 30 50 - 130 

If I in Ifal 34.9 14.3 8.1 - 50.6 120 30 80 - 180 

ISlinlSal ** 90 30 40 - 130 

191 in ISal *** 

* Estimated velopharyngeal orifice areas in this table and all other tables for Subject 
7 are Area 1. 

** Area could not be computed for these sounds because the intraoral air pressure 
tube would not stay in place. 

***Nasal airflow was not measured during 191 because Subject 7 substituted If I for 
19/. 
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Table 57. Subject 7. Means and standard deviations of estimated velopharyngeal 
orifice area during /p/ produced without special instructions on Days 1 through 6. 

DAY 1 

DAY 2 

DAY 3 

DAY 4 

DAY 5 

DAY 6 

Estimated Velopharyngeal 
Orifice Area for /p/ in 
Single-Syllable Productions 
of /pa/ (in mm2

) 

Mean 

64.6 

56.4 

75.2 

88.2 

Standard 
Deviation 

10.6 

12.2 

26.9 

11.2 

Estimated Velopharyngeal 
Orifice Area for /p/ in 
Strings of /pa/ (in mm2

) 

Mean 

33.8 

26.4 

65.4 

81.2 

79.7 

90.3 

Standard 
Deviation 

10.2 

15.3 

11.1 

18.4 

11.2 

4.6 
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Table 58. Subject 7. Means and standard deviations of estimated velopharyngeal 
orifice area during If/ produced without special instructions on Days 2 through 6. 

DAY 2 

DAY 3 

DAY 4 

DAY 5 

DAY 6 

Estimated Velopharyngeal 
Orifice Area for If/ in 
Single-Syllable Productions 
of Ifa/ (in mm2

) 

Mean 

77.7 

84.7 

35.1 

85.0 

Standard 
Deviation 

7.5 

10.9 

19.0 

18.4 

Estimated Velopharyngeal 
Orifice Area for If I in 
Strings of Ifal (in mm2) 

Mean 

34.9 

58.9 

89.9 

43.1 

74.6 

Standard 
Deviation 

14.3 

21.9 

27.6 

18.8 

16.1 
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Table 59. Subject 7. Means and standard deviations (SD) of estimated 
velopharyngeal orifice area during /p/ produced under the No Special Instructions 
(NSI) condition and under Task A on Days 3 and 4. Third and sixth columns 
indicate whether stimulability criteria were met. 

Estimated Velopharyngeal Estimated Velopharyngeal 
Orifice Area for /p/ in Orifice Area for /p/ in 
Single-Syllable Productions Strings of /pa/ (in mm2) 

of /pa/ (in mm2) 

Mean SD Criteria Mean SD Criteria 
Met Met 

DAY 3 
NSI 64.6 10.6 65.4 11.1 

Task A: a 
Step 1. b 
Slow Rate 76.7 14.2 c 

a + d 
Step 2. /p/ b ± 
in /pa/ with 48.4 9.3 c 
Greater Po d 

a + 
Step 3. b ± 
Slow Rate & 48.2 15.9 c 
Greater Po d 

e 
DAY 4 
NSI 56.4 12.2 81.2 18.4 

Task A: a 
Step 1. b 
Slow Rate 87.6 29.9 c 

a d 
Step 2. /p/ b 
in /pa/ with 82.0 11.0 c 
Greater Po d 

a + 
Step 3. b 
Slow Rate & 32.0 17.5 c 
Greater Po d 

e 
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Table 60. Subject 7. Means and standard deviations (SD) of estimated 
velopharyngeal orifice area during /p/ produced under the No Special Instructions 
(NSI) condition and under Task B on Days 3 and 4. Third column indicates 
whether stimulability criteria were met for each stimulability task step. 

DAY 3 

NSI 

Task B: 

Step 1. 
/upa/ 

Step 2. 
blow to /pa/ 

DAY 4 

NSI 

Task B: 

Step 1. 
/upa/ 

Step 2. 
blow to /pa/ 

Estimated Velopharyngeal 
Orifice Area for /p/ in 
Single-Sy Hable Productions 
of /pa/ (in mm2

) 

Mean SD Criteria Met 

64.6 10.6 

a 
b 

77.1 12.5 c 
d 

a 
b 

82.4 3.4 c 
d 
e 

56.4 12.2 

a 
b 

79.8 18.8 c 
d 

a 
b 

62.0 34.2 c 
d 
e 

Estimated Velopharyngeal 
Orifice Area for /p/in 
Strings of /pa/ (in mm2) 

Mean SD 

65.4 11.1 

81.2 18.4 



Table 61. Subject 7. Means and standard deviations (SD) of estimated 
velopharyngeal orifice area during If I produced under the No Special Instructions 
(NSI) condition and under Task C on Days 5 and 6. Third and sixth columns 
indicate whether stimulability criteria were met for each stimulability task step. 
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Estimated Velopharyngeal 
Orifice Area for Iflin 
Single-Syllable Productions 
of Ifal (in mm2

) 

Estimated Velopharyngeal 
Orifice Area for If I in 
Strings of Ifal (in mm2

) 

DAY 5 

NSI 
Task C: 
Step 1. 
Slow Rate 

Step 2. If I 
in Ifal with 
Greater Po 

Step 3. 
Slow Rate and 
Greater Po 

DAY 6 

NSI 
Task C: 
Step 1. 
Slow Rate 

Step 2. If I 
in Ifal with 
Greater Po 

Step 3. 
Slow Rate & 
Greater Po 

Mean SD Criteria 

35.1 19.0 

79.1 12.8 

85.0 18.4 

42.5 11.6 

Met 

a 
b 
c 
d 

a + 
b ± 
c -
d 

Mean SD Criteria 
Met 

43.1 18.8 
a 
b 

74.8 13.7 c 
d 

a + 
b 

42.2 26.2 c 
d 
e 

74.6 16.1 
a + 
b 

63.2 12.4 c 
d 

a + 
b 

45.6 6.9 c 
d 
e 



Table 62. Subject 7. Means and standard deviations (SD) of estimated 
velopharyngeal orifice area during If I produced under the No Special Instructions 
(NSI) condition and under Task D on Days 5 and 6. Third column indicates 
whether stimulability criteria were met for each stimulability task step. 
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Estimated Velopharyngeal 
Orifice Area for If I in 
Single-Syllable Productions 
of Ifal (in mm2

) 

Estimated Velopharyngeal 
Orifice Area for If I in 
Strings of Ifal (in mm2) 

DAY 5 

NSI 

Task D: 

Step 1. 
lufal 

Step 2. 
blow to Ifal 

DAY 6 

NSI 

Task D: 

Step 1. 
lufal 

Step 2. 
blow to Ifal 

Mean SD Criteria Met Mean SD 

35.1 19.0 43.1 18.8 

a 
b 

75.4 23.6 c 
d 

a 
b 

79.6 12.1 c 
d 
e 

85.0 18.4 74.6 16.1 

a + 
b 

73.9 12.1 c 
d 

a + 
b 

59.5 17.7 c 
d 
e 



350 

Table 63. Subject 8. Means, standard deviations, and ranges of estimated 
velopharyngeal orifice area * and nasal airflow for consonants produced on Days 1 
and 2. Consonants were produced without special instructions in strings of syllables 
or words. 

Estimated Velopharyngeal Nasal Airflow 
Orifice Area (in mm2

) (in cc/sec) 

Mean Standard Range Mean Standard Range 
Deviation Deviation 

DAY 1 

Ipl in Ipal 45 17 23 - 78 280 60 200 - 390 

Ipl in Ihremperl 68 20 31 - 89 290 40 220 - 360 

DAY 2 

Ipl in Ipal 42 15 22 - 69 260 50 180 - 370 

Ipl in Ihremperl 70 22 34 - 94 300 50 230 - 360 

lsi in Isa/ 51 25 25 - 81 280 50 210 - 390 

lsi in lrenserl 76 24 38 - 98 320 60 240 - 370 

It I in ltal 26 9 20 - 39 210 30 180 - 260 

If I in Ifal 24 7 17 - 34 190 50 160 - 260 

ISlinlSal 39 14 20 - 51 240 30 170 - 360 

lSI in ISal 27 10 20 - 42 210 40 180 - 270 

* Estimated velopharyngeal orifice areas in this table and all other tables for Subject 
8 are Area 1. 
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Table 64. Subject 8. Means and standard deviations of estimated velopharyngeal 
orifice area during /p/ produced without special instructions on Days 1 through 6. 

DAY 1 

DAY 2 

DAY 3 

DAY 4 

DAY 5 

DAY 6 

Estimated Velopharyngeal 
Orifice Area for /p/ in 
Single-Syllable Productions 
of /pa/ (in mm2) 

Mean 

49 

64 

50 

47 

Standard 
Deviation 

18 

21 

19 

10 

Estimated Velopharyngeal 
Orifice Area for /p/ in 
Strings of /pa/ (in mm2

) 

Mean 

45 

42 

38 

67 

38 

34 

Standard 
Deviation 

17 

15 

13 

46 

14 

15 
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Table 65. Subject 8. Means and standard deviations of estimated velopharyngeal 
orifice area during lsI produced without special instructions on Days 2 through 6. 

DAY 2 

DAY 3 

DAY 4 

DAY 5 

DAY 6 

Estimated Velopharyngeal 
Orifice Area for lsI in 
Single-Syllable Productions 
of Isal (in mm2

) 

Mean 

55 

61 

52 

49 

Standard 
Deviation 

26 

23 

19 

16 

Estimated Velopharyngeal 
Orifice Area for lsI in 
Strings of Isal (in mm2

) 

Mean 

51 

42 

33 

34 

38 

Standard 
Deviation 

25 

14 

16 

13 

14 
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Table 66. Subject 8. Means and standard deviations (SD) of estimated 
velopharyngeal orifice area during Ipl produced under the No Special Instructions 
(NSI) condition and under Task A on Days 3 and 4. Third and sixth columns 
indicate whether stimulability criteria were met for each stimulability task step. 

DAY 3 
NSI 

Task A: 
Step 1. 
Slow Rate 

Step 2. Ipl 
in Ipal with 
Greater Po 

Step 3. 
Slow Rate & 
Greater Po 

DAY 4 
NSI 

Task A: 
Step 1. 
Slow Rate 

Step 2. Ipl 
in Ipal with 
Greater Po 

Step 3. 
Slow Rate & 
Greater Po 

Estimated Velopharyngeal 
Orifice Area for Ipl in 
Single-Syllable Productions 
of Ipal (in mm2) 

Mean SD Criteria 

49 18 

42 15 

64 21 

70 25 

Met 

a + 
b 
c 
d 

a 
b 
c 
d 

Estimated Velopharyngeal 
Orifice Area for Ipl in 
Strings of Ipal (in mm2

) 

Mean SD Criteria 

38 

45 

32 

67 

54 

72 

13 

17 

16 

46 

30 

Met 

a 
b 
c 
d 

a + 
b 
c 
d 
e 

a + 
b 
c 
d 

a 
b 

31 c 
·d 
e 
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Table 67. Subject 8. Means and standard deviations (SD) of estimated 
velopharyngeal orifice area during /p/ produced under the No Special Instructions 
(NSI) condition and under Task B on Days 3 and 4. Third column indicates 
whether stimulability criteria were met for each stimulability task step. 

DAY 3 

NSI 

Task B: 

Step 1. 
/upa/ 

Step 2. 
blow to /pa/ 

DAY 4 

NSI 

Task B: 

Step 1. 
/upa/ 

Step 2. 
blow to /pa/ 

Estimated Velopharyngeal 
Orifice Area for /p/ in 
Single-Syllable Productions 
of /pa/ (in mm2

) 

Mean SD Criteria Met 

49 18 

43 15 

55 24 

64 21 

52 20 

51 19 

a + 
b 
c 
d 

a 
b 
c 
d 
e 

a + 
b 
c 
d 

a + 
b 
c 
d 
e 

Estimated Velopharyngeal 
Orifice Area for /p/ in 
Strings of /pa/ (in mm2

) 

Mean SD 

38 13 

67 46 



Table 68. Subject 8. Means and standard deviations (SD) of estimated 
velopharyngeal orifice area during lsi produced under the No Special Instructions 
(NSI) condition and under Task C on Days 5 and 6. Third and sixth columns 
indicate whether stimulability criteria were met for each stimulability task step. 
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Estimated Velopharyngeal 
Orifice Area for lsi in 
Single-Syllable Productions 
of Isal (in mm2) 

Estimated Velopharyngeal 
Orifice Area for lsi in 
Strings of Isal (in mm2

) 

DAY 5 

NSI 
Task C: 
Step 1. 
Slow Rate 

Step 2. lsi 
in Isal with 
Greater Po 

Step 3. 
Slow Rate & 
Greater Po 

DAY 6 

NSI 
Task C: 
Step 1. 
Slow Rate 

Step 2. lsi 
in Isal with 
Greater Po 

Step 3. 
Slow Rate & 
Greater Po 

Mean SD Criteria 

52 19 

62 23 

49 16 

44 13 

Met 

a 
b 
c 
d 

a + 
b 
c 
d 

Mean SD Criteria 

34 13 

45 16 

31 10 

38 14 

49 17 

54 25 

Met 

a 
b 
c 
d 

a + 
b 
c 
d 
e 

a 
b 
c 
d 

a 
b 
c 
d 
e 



Table 69. Subject 8. Means and standard deviations (SD) of estimated 
velopharyngeal orifice area during lsI produced under the No Special Instructions 
(NSI) condition and under Task D on Days 5 and 6. Third column indicates 
whether stimulability criteria were met for each stimulability task step. 

356 

Estimated Velopharyngeal 
Orifice Area for lsI in 
Single-Syllable Productions 
of Isal (in mm2

) 

Estimated Velopharyngeal 
Orifice Area for lsI in 
Strings of Isal (in mm2

) 

DAY 5 

NSI 

Task D: 

Step 1. 
lusal 

Step 2. 
blow to Isal 

DAY 6 

NSI 

Task D: 

Step 1. 
lusal 

Step 2. 
blow to Isal 

Mean SD Criteria Met 

52 19 

48 16 

63 23 

.1.9 16 

47 14 

57 21 

a + 
b 
c 
d 

a 
b 
c 
d 
e 

a + 
b 
c 
d 

a 
b 
c 
d 
e 

Mean SD 

34 13 

38 14 
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Table 70. Subject 8. Means and standard deviations (SD) of estimated 
velopharyngeal orifice area during lsI produced under the No Special Instructions 
(NSI) condition and under Task E on Days 5 and 6. Third column indicates 
whether stimulability criteria were met for each stimulability task step. 

Estimated Velopharyngeal Estimated Velopharyngeal 
Orifice Area for lsI in Orifice Area for lsI in 
Single-Syllable Productions Strings of Isal (in mm2

) 

of Isal (in mm2
) 

Mean SD Criteria Met Mean SD 
DAY 5 
NSI 52 19 34 13 
Task E: a 
Technique 1. b 
lSI to Isal 57 23 c 

d 

a + 
Technique 1. b 
I S I to Isal 43 21 c 

d 

a + 
Technique 2. b 
I t5t5t5tS: al 39 19 c 

d 
DAY 6 
NSI 49 16 38 14 
Task E: a + 
Technique 1. b 
lSI to Isal 32 13 c 

d 

a + 
Technique 1. b 
I S I to Isal 39 20 c 

d 

a + 
Technique 2. b 
It5t5t5t: sal 34 17 c 

d 
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Table 71. Summary of subject perfonnance on stimulability tasks. For each 
subject, the tasks listed were associated with velopharyngeal orifice areas meeting 
criteria for strong, moderate, or weak evidence for stimulability. The tasks are 
listed according to whether they were associated with evidence for stimulability on 
Day 1 only, Day 2 only, or both days of stimulability testing. 

Evidence for Stimulability 

Subject Strong Moderate Weak 

1 Day 1 Task D. 
only (blow to Isa/) 

Task E. 
(191 to Isa/) 
(It I to Isa/) 

Day 2 Task B. 
only (blow to Ipa/) 

Task E. 
(/91 to Isa/) 

both 
days 

2 Day 1 Task B. Task E. 
only (blow to Ipa/) (191 to Isa/) 

Task E. 
(It I to Isa/) 

Day 2 Task E. Task B. 
only (It I to Isa/) (blow to Ipa/) 

Task C. 
(lsal syllables 
with greater Po) 

both Task D. 
days (blow to Isa/) 

Task E. 
(I S I to Isa/) (table continues) 
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Table 71. (continued) Summary of subject performance on stimulability tasks. For 
each subject, the tasks listed were associated with velopharyngeal orifice areas 
meeting criteria for strong, moderate, or weak evidence for stimulability. The tasks 
are listed according to whether they were associated with evidence for stimulability 
on Day 1 only, Day 2 only, or both days of stimulability testing. 

Subject 

3 Day 1 
only 

4 

Day 2 
only 

both 
days 

Day 1 
only 

Day 2 
only 

both 
days 

Strong 

Task E. 
(I S I to Isa/) 

Evidence for Stimulability 

Moderate 

Task D. 
(blow to Isa/) 

Task E. 
(/91 to Isa/) 

Task B. 
(blow to Ipal) 

Task D. 
(blow to Isa/) 

Weak 

Task E. 
(I S I to Isal) 

Task C. 
(/sal syllables 
with greater Po) 

(table continues) 
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Table 71. (continued) Summary of subject perfonnance on stimulability tasks. For 
each subject, the tasks listed were associated with velopharyngeal orifice areas 
meeting criteria for strong, moderate, or weak evidence for stimulability. The tasks 
are listed according to whether they were associated with evidence for stimulability 
on Day 1 only, Day 2 only, or both days of stimulability testing. 

Subject 

5 

6 

Day 1 
only 

Day 2 
only 

both 
days 

Day 1 
only 

Day 3 
only 

two days 
of three 

Strong 

Task C. 
(/fal syllables 
with greater Po) 

Task A. 
(lpal syllables 
with greater Po) 

Task D. 
(blow to Isa/) 

Task E. 
(191 to I Sal) 

Task D. 
(blow to I Sal) 

Evidence for Stimulability 

Moderate 

Task B. 
(blow to Ipal) 

Task D. 
(blow to Ifa/) 

Task A. 
(/pal slow rate 
& greater Po) 

Task C. 
(/fal syllables 
with greater Po) 

Weak 

(table continues) 
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Table 71. (continued) Summary of subject performance on stimulability tasks. For 
each subject, the tasks listed were associated with velopharyngeal orifice areas 
meeting criteria for strong, moderate, or weak evidence for stimulability. The tasks 
are listed according to whether they were associated with evidence for stimulability 
on Day 1 only, Day 2 only, or both days of stimulability testing. 

Subject 

7 

8 

Day 1 
only 

Day 2 
only 

Evidence for Stimulability 

Strong Moderate Weak 

Task A. 
(lpal syllables 
with greater Po; 
Ipal slow rate & 
greater Po) 

Task C. 
(lfal syllables 
with greater Po) 

no evidence of stimulability on any stimulability testing day 
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Table 72. Individual subjects' differences between mean velopharyngeal orifice area 
under stimulability tasks and the NSI condition for tasks associated with strong or 
moderate evidence for stimulability. The mean area or nasal airflow associated with 
the task is given in parentheses. Mean differences were computed from Area 1 if 
available; otherwise, Area 2 or nasal airflow was used. 

Task 

Task B. 
blow to Ipal 
Day 1 

Day 2 

Task C. 
Isal syllables 
with greater Po 
Day 1 

Day 2 

Task D. 
blow to Isal 
Day 1 

Day 2 

Task E. 
191 to Isal 
Day 1 

Day 2 

I J I to Isal 
Day 1 

Day 2 

It! to Isal 
Day 1 

Day 2 

Subject 1 Subject 2 

3.3 mm2 

(0.3 mm2
) 

4.5 mm2 

(1.6 mm2
) 

7.2 mm2 

(0.7 mm2) 

4.1 mm2 

(0.7 mm2) 

7.1 mm2 

(0.8 mm2
) 

4.0 mm2 

(0.8 mm2) 

Subject 3 

120 cc/sec 
(170 cc/sec) 
150 cc/sec) 
(190 cc/sec) 

180 cc/sec 
(80 cc/sec) 
180 cc/sec 
(160 cc/sec) 

280 cc/sec 
(10 cc/sec) 
330 cc/sec 
(10 cc/sec) 

(table continues) 
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Table 72. (continued) Individual subjects' differences between mean velopharyngeal 
orifice area under stimulability tasks and the NSI condition for tasks associated with 
strong or moderate evidence for stimulability. The mean area or nasal airflow 
associated with the task is given in parentheses. Mean differences were computed 
from Area 1 if available; otherwise, Area 2 or nasal airflow was used. 

Task 

Task A. 
Ipal syllables 
with greater Po 
Day 1 

Day 2 

Ipal slow rate 
with greater Po 
Day 1 

Day 2 

Task B. 
blow to Ipal 
Day 1 

Day 2 

Task C. 
Ifal syllables 
with greater Po 
Day 1 

Day 2 

Task D. 
blow to Isal or blow to Ifal 
Day 1 

Subject 4 

Day 2 3.0 mm2 

(2.8 mm2) 

Subject 5 

1.8 mm2 

(0.3 mm2) 

3.6 mm2 

(0.5 mm2
) 

5.1 mm2* 
(0.8 mm2) 

6.4 mm2* 
(1.1 mm2) 

*Subject 5 performed Tasks C and D for If I instead of lsi. (table continues) 
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Table 72. (continued) Individual subjects' differences between mean velopharyngeal 
orifice area under stimulability tasks and the NSI condition for tasks associated with 
strong or moderate evidence for stimulability. The mean area or nasal airflow 
associated with the task is given in parentheses. Mean differences were computed 
from Area 1 if available; otherwise, Area 2 or nasal airflow was used. 

Task 

Task D. 
blow to Isal 
Day 1 

Day 2 

blow to I S a/ 
Day 1 

Day 2 

Task E. 
lSI to I S al 
Day 1 

Day 2 

Subject 6 

1.7 mm2 

(0.1 mm2
) 

1.1 mm2 

(0.1 mm2) 
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Table 73. Number of subjects for which each task elicited velopharyngeal orifice 
areas indicating various degrees of evidence for stimulability. The numbers in 
parentheses identify the subjects who are included in each category. 

Evidence for Stimulability 

Task Strong Moderate Weak No 

Task A. (6 subjects total) 

Step 1. 
/p/ strings at 0 0 0 6 (all 
a slower rate subjects on 

both days) 

Step 2. 
/p/ syllables 1 (#5 on 0 1 (#7 on 5 (#7 on 
with greater Po both days) 1st day) 2nd day, 

others on 
both days) 

Step 3. 
/p/ strings with 0 1 (#5 on 1 (#7 on 6 (#5 on 
greater Po and at 2nd day) 1st day) 1st day, #7 
a slower rate on 2nd day, 

others on 
both days) 

Task B. (6 subjects total) 

Step 2.* 
blow to /pa/ 2 (#1 on 3 (#2 on 0 5 (#1 on 

2nd day, 2nd day, 1st day, #4 
#2 on 1st #4 on 1st and 5 on 
day) day, #5 2nd day, 

on 1st day) others on 
both days) 

*Step 1 of Task B (lupa/) was omitted from this table because performance in this 
context was not a stimulability task, but was compared to performance on Step 2. 

(table continues) 
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Table 73. (continued) Number of subjects for which each task elicited 
velopharyngeal orifice areas indicating various degrees of evidence for stimulability. 
The numbers in parentheses identify the subjects who are included in each category. 

Evidence for Stimulability 

Task Strong Moderate Weak No 

Task C. (8 subjects total)** 

Step 1. 
lsI strings at 0 0 0 8 (all on 
a slower rate both days) 

Step 2. 
lsI syllables 1 (#5 on 2 (#2 and 2 (#4 on 6 (#2 and 7 
with greater Po 1st day) #5 on 2nd both days, on 1st day, 

day) #7 on 2nd others on 
day) both days) 

Step 3. 
lsI strings with 0 0 0 8 (all on 
greater Po and at both days) 
a slower rate 

Task D. (8 subjects total)** 

Step 2.*** 
blow to Isal 2 (#2 on 3 (#3 on 1 (#1 on 6 (#1, 5, 

both days, both days, 1st day) and 6 on 
#6 on 1st #5 on 1st 2nd day, #4 
day) day, #4 on on 1st day, 

2nd day) others on 
both days) 

**Some subjects received stimulability testing for If I or I S I rather than, or in 
addition to, lsI. 

***Step 1 of Task D (fusa/) was omitted from this table because performance in this 
context was not a stimulability task, but was compared to performance on Step 2. 

(table continues) 
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Table 73. (continued) Number of subjects for which each task elicited 
velopharyngeal orifice areas indicating various degrees of evidence for stimulability. 
The numbers in parentheses identify the subjects who are included in each category. 

Evidence for Stimulability 

Task Strong Moderate Weak No 

Task E. 

Technique 1. (5 subjects total) 
191 to Isal 1 (#1 on 1 (#3 on 2 (#1 on 3 (#2 on 

2nd day) both days) 1st day, 2nd day, 
#2 on 1st others on 
day) both days) 

Technique 1. (4 subjects total) 
I S I to Isal 2 (#2 and 0 1 (#4 on 2 (#4 on 

3 on both 2nd day) 1st day, 
days) #8 on both 

days) 

Technique 2. (3 subjects total) 
It I to Isal 1 (#2 on 0 2 (#1 and 2 (#1 on 

2nd day) 2 on 1st 2nd day, 
day) #8 on both 

days) 
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Table 74. Means and standard deviations for velopharyngeal orifice areas (in mm2
) 

during consonants in syllable strings produced under the No Special Instructions 
condition on Days 1 through 6. Plus signs (+) identify each sound's highest 
standard deviation during Days 1 through 6. Asterisks (*) identify each sound's 
highest mean area during Days 1 through 6. 

Velopharyngeal orifice area (in mm2
) 

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 

Mean Mean Mean Mean Mean Mean 
Subject Consonant (SD) (SD) (SD) (SD) (SD) (SD) 

1" Ipl 4.3 5.0* 2.6 3.7 
(2.2)+ (2.2)+ (0.8) (1.9) 
4.0 4.7* 3.7 3.1 2.6 3.6 

(1.8) (1.9)+ (1.9)+ (1.7) (0.8) (1.9) 

lsi 3.3* 1.8 3.1 
(2.8)+ (0.9) (2.0) 
3.1 3.7* 2.3 1.8 2.9 

(2.5)+ (2.2) (1.1) (0.9) (1.7) 

2" Ipl 17.3 18.6* 4.3 5.4 2.6 
(20.3) (24.8)+ (1.9) (1.5) (2.0) 

5.1 7.0* 1.5 4.1 5.2 2.7 
(1.3) (4.8)+ (0.6) (1.7) (1.3) (2.2) 

lsi 4.4 3.3 5.6* 3.1 
(6.4)+ (1.8) (2.1) (1.8) 
3.5 1.8 3.2 5.3* 2.9 

(4.1)+ (1.1) (1.5) (1.8) (1.5) 

3 Ipl 1.8 -0.4 0.1 0.1 1.1 2.8* 
(0.6)+ (0.2) (0.2) (0.1) (0.3) (0.3) 

1st''' 300* 240 260 190 210 280 
(60) (60) (70)+ (60) (60) (30) 

" For Subjects 1 and 2, the first values given are for Area 1 and the values 
immediately below them are for Area 2. 
"" For Subject 3, these values for lsi are means and standard deviations of nasal 
airflow. (table continues) 
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Table 74. (continued) Means and standard deviations for velopharyngeal orifice 
areas (in'mm2

) during consonants in syllable strings produced under the No Special 
Instructions condition on Days 1 through 6. Plus signs (+) identify each sound's 
highest standard deviation during Days 1 through 6. Asterisks (*) identify each 
sound's highest mean area during Days 1 through 6. 

Velopharyngeal orifice area (in mm2
) 

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 

Mean Mean Mean Mean Mean Mean 
Subject Consonant (SD) (SD) (SD) (SD) (SD) (SD) 

4 Ipl 9.9* 2.3 3.1 3.5 2.9 3.8 
(5.7)+ (0.9) (1.3) (1.1) (0.9) (1.3) 

lsI 2.1 2.6 3.5 6.3* 3.7 
(0.7) (1.3) (1.0) (2.0)+ (1.0) 

5 Ipl 1.9 2.1 1.4 3.6* 2.1 2.3 
(0.8) (0.7) (0.7) (1.7)+ (1.2) (0.6) 

If I 8.2* 4.3 4.4 2.3 5.6 
(3.6)+ (1.4) (1.4) (1.6) (1.6) 

6 Ipl 0.4 0.3 0.4 1.0 0.3 1.3* 
(0.4) (0.7) (0.7) (0.8)+ (0.4) (0.7) 

It I 6.3* 1.9 0.2 0.1 1.0 
(8.0)+ (6.6) (0.4) (0.1) (0.5) 

lsI 0.2 1.7* 0.5 0.5 1.1 
(0.5) (0.8)+ (0.7) (0.5) (0.8)+ 

I S I 1.1 2.3* 1.2 1.0 0.7 
(0.8) (1.2)+ (0.6) (0.7) (0.5) 
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Table 75. Mean velopharyngeal orifice areas (in mm2
) during consonants produced 

in single consonant-vowel syllables and in each position of strings of consonant-
vowel (CV) syllables under the No Special Instructions condition. Means are 
computed for Days 3 through 6. Asterisks identify the two highest mean areas for 
each consonant (when there are ties, the tied values are marked with an asterisk). 

Mean areas Mean areas for consonants in syllable strings 
Subject for conso-
and nants in CV First Second Third Fourth Fifth 
consonant syllable syllable syllable syllable syllable syllable 

1 Ipl 3.1 3.7* 3.9* 2.6 3.3 3.7* 

lsI 5.5* 1.5 2.7* 2.7* 2.1 2.1 

2 Ipl 7.2* 5.6* 3.8 4.2 4.4 3.5 

lsi 5.7* 5.4* 4.1 4.3 4.8 3.6 

3 Ipl 1.2* 1.2* 1.0 1.0 1.0 0.9 

Isl'''A 320* 240 250* 240 210 210 

4 Ipl 5.8* 4.3* 3.5 3.0 3.0 3.2 

lsI 5.2* 5.6* 4.0 4.2 3.9 4.4 

5 Ipl 2.9* 4.8* 2.5 2.6 2.1 2.1 

If I 5.8 11.1 * 4.1 4.6 3.8 6.2* 

6 Ipl 0.8 1.1 * 0.7 0.9* 0.7 0.7 

It I 0.4* 0.4* 0.4* 0.4* 1.7* 0.4* 

lsI 1.2* 1.1 * 0.9 0.9 1.1 * 0.7 

I S I 1.2 1.5* 1.2 1.7* 1.3 1.2 

AA Means and standard deviations of nasal airflow are given for Subject 3' s 
productions of lsI. 
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Table 76. Means and standard deviations (SD) of velopharyngeal orifice areas (in 
mm2

) for Ipl in Ipal and Ihremperl strings and for lsI in Isal and lrenserl strings 
produced during the No Special Instructions condition on Days 1 and 2. 

Velopharyngeal orifice area (in mm2) 

Ipl in Ipl in lsI in lsI in 
Ipal Ihremperl Isal lrenserl 

Mean Mean Mean Mean 
Subject Day (SD) (SD) (SD) (SD) 

1* 1 4.3 12.3 
(2.2) (9.5) 
4.0 8.7 

(1.8) (3.7) 

2 5.0 5.9 3.3 4.4 
(2.2) (2.6) (2.8) (2.0) 
4.7 5.6 3.1 4.2 

(1.9) (2.4) (2.5) (1.7) 

2* 1 17.3 22.4 
(20.3) (7.4) 

5.1 3.2 
(1.3) (0.3) 

2 18.6 28.4 4.4 
(24.8) (20.7) (6.4) 

7.0 13.9 3.5 14.0 
(4.8) (5.6) (4.1) (4.6) 

3** 1 1.8/40 34.7/140 
(0.6/10) (24.2170) 

2 0.4/10 6.1/90 240 
(0.2/10) (3.8/40) (60) 

* For Subjects 1 and 2, the first set of values are for Area 1 and the second set of 
values are for Area 2. 
** For Subject 3, the values after the slashes (I) are means and standard deviations 
of nasal airflow during Ip/. The values for lsI are means and standard deviations of 
nasal airflow. 

(table continues) 



372 

Table 76. (continued) Means and standard deviations (SD) of velopharyngeal 
orifice areas (in mrn2

) for Ipl in Ipal and Ihremperl strings and for lsi in Isal and 
lrenserl strings produced during the No Special Instructions condition on Days 1 and 
2. 

Velopharyngeal orifice area (in mrn2) 

Ipl in Ipl in lsi in lsi in 
Ipal Ihremperl Isal lrenserl 

Mean Mean Mean Mean 
Subject Day (SD) (SD) (SD) (SD) 

4 1 9.9 11.1 
(5.7) (2.5) 

2 2.3 3.3 2.1 5.8 
(0.9) (0.6) (0.7) (1.9) 

5 1 1.9 0.5 
(0.8) (0.1) 

2 2.1 1.1 8.2*** 9.0*** 
(0.7) (0.4) (3.6) (6.2) 

6 1 0.4 3.2 
(0.4) (0.4) 

2 0.3 5.8 0.2 1.5 
(0.7) (3.3) (0.5) (1.3) 

*** These values for Subject 5 are for If I in Ifal and Ihamfer/. 
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Appendix K. 

FIGURES 



Figure 1. Instrumentation for estimating nasal pathway resistance. PM = air 
pressure inside the nasal mask; Po = intraoral air pressure; and, VN = nasal 
airflow. 
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Figure 2. Instrumentation for estimating velopharyngeal orifice area. Po = 
Intraoral air pressure; PN = nasal air pressure; and, \TN = nasal airflow. 
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Figure 3. Sample boxplot (adapted from Norusis, 1990). Ordinate is 
velopharyngeal orifice area or nasal airflow. 
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Figure 4. Part 1. Subject 1. Boxplots showing Area 2 
(in mm2) for Ipl during the No Special Instructions Condition 

and Task B 
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Figure 4. Part 2. Subject 1. Boxplots showing Area 2 
(in mm2) for Ipl during the No Special Instructions Condition 

and Task B after oral blowing was reshaped on Day 6 
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Figure 5. Part 1. Subject 1. Boxplots showing Area 2 
(in mm2 ) for obstruents produced while watching the 

nasal airflow trace on Day 6 
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Figure 5. Part 2. Subject 1. Boxplots showing Area 2 
(in mm2 ) for obstruents produced while watching the nasal 

airflow trace on Day 6 
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Figure 6. Subject 1. Boxplots showing Area 2 (in mm2
) 

for /s/ during the No Special Instructions Condition and Task E 
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Figure 7. Subject 2. Boxplots showing Area 2 (in mm2) 

for Ipl during the No Special Instructions· Condition 
and Task B 

• 

! 

~ 
• 

01 ~ 
I 

• 

!i! 

Day 3: NSI /pal Day 3: B /upal Day 3: B bfow- pa Day 4: NSf /pal Day 4: B /upa/ Day 4: B blow- pa 

Day: Task 
w 
00 
V1 



12 

9 

C\I 

• 

Figure 8. Subject 2. Boxplots showing Area 2 
(in mm2) for /s/ during the No Special Instructions 

Condition and Task D 
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Figure 9. Subject 2. Boxplots showing Area 2 
(in mm2) for /s/ during the No Special Instructions 

Condition and Task E 
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Figure 10. Subject 3. Boxplots showing nasal airflow 
(in cc/sec) for lsI during the No Special Instructions 

Condition and Task D 
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Figure 11. Part 1. Subject 3. Boxplots showing nasal airflow 
(in cc/sec) for /sl during the No Special Instructions Condition 

and Task E (/S/ to Isa/) on Day 3 (Last boxplot has 2 data points) 
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Figure 11. Part 2. Subject 3. Boxplots showing nasal airflow 
(in cc/sec) for lsI during the No Special Instructions Condition 

and Task E (191 to Isa/) on Day 4 
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Figure 12. Subject 3. Boxplots showing nasal airflow On cc/sec) 
for lsI during the No Special Instructions Condition 

and Task E (1/1 to Isa/) 
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Figure 13. Part 1. Subject 3. Boxplots showing nasal airflow 
(in cc/sec) for lsI during the No Special Instructions Condition 

and Task E (191 to Isa/) on Day 5 
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Figure 13. Part 2. Subject 3. Boxplots of nasal airflow (in cc/sec) 
for lsI during Task E YSI to Isa/) on Day 5. Subject 3 watched 

nasal airflow trace during tasks marked with an asterisk (*). 
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Figure 14. Part 1. Subject 3. Boxplots showing nasal airflow 
(in cc/sec) for lsI in the No Special Instructions Condition and 
Task E (/9/ to Isa/) on Day 6. Subject 3 watched the nasal 

airflow trace during the tasks marked with an asterisk (*). 
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Figure 14. Part 2. Subject 3. Boxplots showing nasal airflow 
(in cc/sec) for lsI during variations of Task E (jSl to Isa/) 

produced on Day 6. Subject 3 watched the nasal airflow trace 
during these tasks. 
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