












































































































































































































































































































































































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/. 

179 

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 



velopharyngeal closure and the areas for Ipl in Ihremperl and If I in Ihremferl on 

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. 
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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. 



218 

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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and Position in Syllable String 
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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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and Across Manner of Production 
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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. 
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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 



244 

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 



249 

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 



250 

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. 



Appendix D. (continued) 

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. 
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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) 
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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 

265 

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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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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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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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) 
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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) 
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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) 



Table 3. (continued) 
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) 



Table 3 . (continued) 

Subject Selection 
Criterion Not Met 

Child # 11 

#3--Mean nasal airflow 
was less than 20 cc/sec 

284 

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) 
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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 

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. 



, 

292 

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. 



294 

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. 



301 

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. 
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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. 



310 

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 
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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. . 



332 

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. 

341 

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 
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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. 
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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 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) 



366 

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 
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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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