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Abstract 
 

Perceptual and acoustic measures have indicated that the velopharyngeal 

mechanism may not be completely closed during oral speech sounds in native speakers of 

Spanish (SP); however, there is no direct evidence that this is the case.  This lack of 

evidence makes it difficult for clinicians to differentiate a spoken language difference 

from a disorder, velopharyngeal inadequacy (VPI).  Using aeromechanical 

measurements, this study determined if the velopharyngeal (VP) mechanism was closed 

during oral-only speech production in SP speakers.  These measurements were obtained 

from seven native English (AE) speakers (control) and seven native SP speakers.  Results 

revealed no statistically significant differences between groups for all aeromechanical 

measurements. However, a trend was observed that the SP group spoke at a faster rate 

(syllables per second); and the implications of this observation in relation to nasality is 

discussed.   
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Introduction 

The population of non-English speakers in the United States has dramatically 

increased over the past two decades.  Marotta and Garcia (2003) performed a population 

study based on information from the United States Census Bureau.   Results comparing 

1990 to 2000 indicated that the United States Latino population “experienced a 58% 

growth in the past decade compared with a 13% growth for the total population in the 

United States during the same period.” (p.16)  Along with this population growth, the 

number of Spanish speakers seeking speech-language services is increasing.  Nett-

Cordero (2008) who focused on populations seeking care at cleft palate and craniofacial 

clinics across the nation cited a 2004 survey stating that, “more than 25% of patients seen 

in 27 clinics (16% of those surveyed) were Spanish-speaking; 75 of the clinics (44%) had 

seen an increase in Spanish-speaking patients in the past five years (Edwards & Bonilla, 

2004).”  With the increase of Spanish speaking immigrants in this country, it is important 

to be aware of any spoken-language differences, so that disorders are not over-diagnosed 

and competent speech-language services can be delivered.   

There are many language differences between Spanish and English.  The Spanish 

language has a different syllable structure than English, in that Spanish is a syllable-timed 

language and English is a stress-timed language.  As a syllable-timed language, stressed 

and unstressed syllables are produced with approximately the same stress (McLeod, 

2007).  Additionally, there are very few monosyllabic content words in the Spanish 

language. Speaking rate has also been reported to be faster in Spanish.  De Johnson, 

O'Connell, and Sabin (1979) measured speaking rate in syllables per second and found 
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that during reading of narratives, Spanish speakers spoke at a faster rate compared to the 

English speakers.  In addition to syllable structure and rate, phonetic inventory 

differences exist between English and Spanish. The Spanish phonetic inventory does not 

include aspirated stop consonants, a phonemic cue to the difference in voice onset time 

(VOT) between Spanish and English.  VOT is “duration between the onset of voicing, or 

vocal cord vibration, and the release of articulatory closure…” (Williams, 1977, p. 289).  

Longer VOT is associated with aspiration in stop consonant production; furthermore, it 

indicates longer duration for oral pressure build up for production of stop consonants. 

(Lisker & Abramson, 1964).  Lisker and Abramson (1964) noted that on production of 

stop consonants, native Spanish speakers demonstrated a shorter VOT, which means less 

time for pressure to increase.  This may result in lower oral pressure measurements for 

stop-consonant production in Spanish.   

In addition to consonant inventory, vowel inventory is another difference between 

English and Spanish.  Conversational speech in Spanish speakers includes approximately 

48% vowels (Guirao & Jurado, 1990), compared to about 38-40% vowels in the 

conversational speech of English speakers (Mines, Hanson, & Shoup, 1978).  McLeod 

(2007) states, “ Vowels in Spanish have relatively the same tongue height and tongue 

placement as their counterparts in English with the exception of /a/, which in Spanish is 

usually described as a low, central vowel” (p. 540).  Vowel height can affect the 

mechanics of VP closure and also perception of nasality.  The position of the velum 

changes with vowel height, such that the low vowels create a downward pull on the 

velum (Bzoch, 1968) increasing the likelihood of nasality. (Clumeck, 1976; Henderson, 

1984; Lintz & Sherman, 1961)  
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A difference of nasality has been reported between Spanish and English speakers. 

Nett-Cordero (2008) investigated perceived nasality in native Spanish speakers, native 

Hmong speakers and native English speakers.  Nett-Cordero (2008) along with Dalston, 

Neiman, and González-Landa (1993) found that typical Spanish speakers were perceived 

to demonstrate a higher degree of hypernasality when compared to typical native English 

speakers.  Nasality can be an indication of velopharyngeal opening (VPO).   

Perceptual Assessment  

When assessing Spanish speakers it is important to determine if a VPO exists in 

typical spoken language production, in order to clarify if the opening is a difference, or 

disorder in which the opening is velopharyngeal inadequacy (VPI).  A perceptual 

assessment of VPI consists of description of level of intelligibility of speech, which can 

be affected by articulation deviations and degree of nasality.  Articulation deviations are 

associated with phonological mislearning and errors due to  inadequate valving of 

aeromechanical energy, such as low introral pressure on production of high pressure 

consonants, (/p/ and /t/) and audible nasal air emission.  Nasality, the degree to which 

perceived nasal resonance is too great (hyper) or too little (hypo) is also often present.  

Nasality is most often thought to contribute to a decrease of speech naturalness which 

draws unwanted attention to the speaker.  Recently, however, abnormal nasality has been 

shown to contribute to significant worsening of speech intelligiblity.  This has been 

shown in German speakers with hyponasality (Mayr et al., 2010) and in speakers with 

synthesized hypernasal speech (Personal communication P. Watson, May 2010).    

Therefore, the judgement of nasality is important in the evaluation of VPI.  Perceptual 
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assessment is an important first step in determining VPI, but it does not provide 

conclusive evidence of VPO. 

Increased accuracy in assessment of velopharyngeal (VP) function involves the 

use of objective measurements.  Examples of these include videofluoroscopy or nasal-

endoscopy during the production of oral consonants in isolation and during speech tasks.  

However, these methods are invasive and not typically available to many clinicians.  An 

alternative to these methods is nasometry, a less expensive and less invasive method of 

measurement.   

Nasometry 

        Nasalance is defined as the “ratio of acoustic energy from the oral and nasal cavities 

of a speaker” (Anderson, 1996, p. 333).  Along with perceptual consequences, higher 

nasalance values for oral sounds typically indicate an abnormal coupling of the oral and 

nasal cavities.  In order to analyze the relationship between these assessments, research 

has attempted to quantify differences in perception of nasality with the use of nasometry.  

Dalston, Warren, and Dalston (1990) studied 117 individuals, in order to identify 

the correlation between nasometry and perceptions of nasality.  When comparing nasality 

ratings with nasalance values, findings proposed  that the nasometer was a useful tool for 

supporting the perceptions of hypernasailty.  Dalston et al. (1993) evaluated nasality and 

obtained nasalance values in adult English and Spanish speakers while reading an oral-

only passage in the appropriate language.  Spanish speakers have been judged to have 

more nasality and higher nasalance values have been measured compared to English 

speakers.  Nett-Cordero (2008) studied English, Spanish, and Hmong speakers with and 

without a cleft palate, between the ages of 7 and 32 years.  This study found similar 
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results regarding the positive correlation between perception of nasality and nasalance 

values in her Spanish speakers, compared to the English speakers. Additional research 

includes that done by Santos-Terron, Gonzalez-Landa, and Sanchez-Ruiz, I. (1991) who 

studied native English and native Spanish speakers and found higher nasalance values in 

the Spanish speakers.  Also, Anderson (1996) studied 40 normal Puerto Rican Spanish-

speaking females in order to obtain normative nasometric data for native Spanish 

speakers.  When comparing nasalance values in the oral-only sentences, Anderson (1996) 

found nasalance scores in the native Spanish speakers at the higher end of the range of 

the values obtained by the English speakers.  In contrast, Nichols (1999) did not find 

significant differences in nasalance between Spanish and English.  Inconsistent 

differences in nasalance scores between languages may be a result of instrumentation 

deficiencies or the stimuli used to elicit nasalance scores.       

Nasometry is an indirect measure of VP function and does not guarantee a valid 

representation of VP function, i.e. that the VP closes for production of oral consonants.   

There are factors related to speech production that can result in an increase in nasalance 

values that are not related to VPI.  If the speech sample is heavily loaded with high 

vowels, more acoustic energy is directed toward the nasal pathway due to the increase of 

oral impedance, affecting the judgment of nasality and the measurement of nasalance 

(Lewis, Watterson & Quint, 2000).  Speech rate may also contribute to nasality and 

nasalance.  At faster speech rates, mouth opening is typically reduced also increasing oral 

impedance and directing more acoustic energy into the nasal passage.  Consequently, 

there are several factors that may contribute to perceived hypernasality and increased 

nasalance scores in Spanish speakers. However, neither perception nor nasalance 
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measures allow for determination of VP opening.  Velopharyngeal function can be more 

accurately determined with the use of aeromechanical measurements, which inform 

whether the VP is open or closed and the ability to estimate the degree of opening.     

Aeromechanical Measurement of the Velopharyngeal Mechanism 

The velopharyngeal (VP) mechanism serves two roles, one as an aeromenchanical 

valve and the other as an acoustic buffer.  Consider the oral and nasal tubes as two 

parallel pathways, with the VP mechanism either coupling or decoupling these two tubes.  

In the closed position, the velum, posterior pharyngeal wall, and lateral pharyngeal walls 

approximate, so that it separates the nasal cavity and oral cavity.   As an acoustic buffer, 

when the velopharnyx is closed, this creates high-impedance to any acoustic energy 

entering the nasal cavity, so that for oral phoneme production most acoustic energy is 

directed out the mouth.  A tightly closed velopharynx allows for building adequate oral 

pressure to produce a burst or frication, such as for the plosives /p, t/ and the fricatives /s, 

and /∫/.  The VP mechanism can be evaluated by obtaining measurements of nasal 

airflow, oral pressure, and by calculating the area of the velopharyngeal port from nasal 

airflow and the difference between oral and nasal pressure during speech tasks. When 

oral pressure is greater than atmosphere (which occurs during any speech task) and nasal  

airflow is detected, the velopharynx has not completely closed.  Any aeromechanical 

energy passing through the nose can be measured by placing a flow meter at the distal 

end of the nasal passage, i.e., the external nares.   

The aeromechanics of speech in English has been well studied. With regard to VP 

function, Thompson and Hixon (1979) studied monolingual English speakers  between 

the ages of 3 and 37 years of age with the purpose of determining whether there is an 
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airtight VP closure during oralized speech tasks.  Thompson and Hixon (1979) used 

sustained sounds and VCV (vowel-consonant-vowel) combinations within a carrier 

phrase to measure nasal airflow.  They found that during the production of oral phonemes 

nasal airfow was not present, indicating an airtight velopharynx.  Hoit and colleagues 

(1994) studied native English speakers up through  80 years of age, in order to find any 

significant changes in velopharyngeal function due to age.  Hoit et al. (1994) found that 

for the most part, nasal airflow was not detected on oralized speech tasks.  This study also 

calculated the area of the velopharyngeal port using the hydrostatic equation (Warren and 

DuBois,1964), during oral productions where minimal nasal airflow was detected, and 

with nasal consonant production. Aeromechanical measurements offer additional 

information regarding functioning of the VP mechnism during spoken language, in order 

to determine whether VPO in Spanish speakers is a language difference or VPI.    

Purpose  

Although there are a number of studies looking at the aeromechanics in native 

English speakers, little is known of the aeromechanics in native Spanish speakers.  Based 

on differences of phonetic inventories, shorter VOT, perceived nasality, and nasalance 

values there is a possibililty that Spanish speakers do not require the tight VP closure for 

some oral sounds.  Without a tight VP closure for all oral sounds, there is a possibility 

that the opening of the velopharynx will acoustically couple the oral and nasal tubes 

increasing nasal resonance during speech produced by typical Spanish speakers.  By 

using aeromechanical measurements, documentation of VP opening can be accomplished 

allowing further explanation regarding speech production in native Spanish speakers.  For 

example, nasal airflow with production of oral phonemes indicates an open VP port.  
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Measurement of oral pressure will allow determination if Spanish speakers use lower 

pressure than English speakers.  In addition, measuring nasal airflow and the difference 

between oral and nasal pressure during the production of the nasal-plosive combination 

in“hamper” for English speakers and “hampa” for Spanish speakers will allow 

calculation of area of VP opening.    

Method 

Speakers 

The speakers were seven Native American English (AE) speakers (two males M= 

24.5 years of age; five females M=22.2 years of age) and seven Native Spanish (SP) 

speakers (three males M=32.3 years of age; four females M=24.3 years of age).  Criteria 

for the AE speakers were as follows: American English (dialect not specified) was the 

first language spoken since birth, is the language used most frequently, and they had not 

formally studied Spanish.  See Table 1 for description of the AE speakers.  Criteria for 

the SP speakers were as follows: SP speakers indicated Spanish was their first language 

spoken since birth, was the primary language until at least the age of 6, and they 

considered themselves fluent speakers of Spanish.  For this project, Spanish dialect and 

country of origin was not an exclusionary or inclusionary criterion.  Each SP speaker 

completed an abbreviated form of the L2 Questionnaire (Short Version 1.0) from the 

Penn State University Brain, Language, and Computation Lab (Li, P., Sepanski, S., & 

Zhao, X., 2006) See Appendix A.  SP speakers originated from Mexico, Venezuela, Peru, 

Argentina, and Columbia; all SP speakers currently live in the United States of America.   

Every SP speaker was a bilingual Spanish-English speaker and each stated high 

proficiency in both languages; however, each speaker evidenced a Spanish accent when 
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speaking English.  This was mentioned in the L2 Questionnaire and is heard in the audio 

recordings.  Six of the seven SP speakers learned English through formal instruction, as 

well as through interaction with AE speakers.  One exception, SP4 stated that he only 

learned English through interaction and did not have formal training in English.  

Furthermore, he did not begin learning English until 22 years of age.  Each SP speaker 

completed additional education following high school.  Five of the seven SP speakers 

began learning English between birth and 11 years of age, while the other two SP 

speakers began learning English following high school.  See Tables 2 and 3 for 

information regarding the characteristics of the SP speakers. 

All speakers reported no history of a neurological, speech, language, or hearing 

disorder.  Per self-report, all speakers were healthy on day of data collection.  All 

speakers signed an informed consent as approved by the institutional review board at the 

University of Minnesota – Twin Cities.   

Equipment 

The acoustic signal, nasal airflow signal, oral and differential (oral – nasal) 

pressure signal were recorded during speech-sound production.  For nasal airflow, a 

CPAP mask (Coutour Delux, size M/L) was coupled to a Silverman-type 

pneumotachometer (Hans Rudolph™, Model 4719).  Pressure sensing tubes from the 

pneumotachometer were coupled to either side of the differential pressure transducer 

(Setra™, Model 239).  For oral pressure, a 6-inch length catheter (Intramedic 

polyethylene tubing, ID 1.67 mm, OD 2.42 mm) was attached to one side of a second 

differential-pressure transducer (Setra™, Model 239).  To measure differential pressure 

(pressure difference between oral and nasal) the same oral catheter and pressure 
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transducer used to measure oral pressure was used; the proximal end of a nasal catheter 

(same length as oral pressure catheter) was attached to the opposite side of the differential 

pressure transducer used to measure oral pressure.  The distal end of the nasal catheter 

was attached to a small-foam insert (Medical Technologies, Jumbo Foam Tip Eartips). 

The insert had a small hollow rigid tube passing through it.  The insert was used to detect 

nasal pressure. Airflow and pressure voltage output signals from the differential pressure 

transducers were low-pass filtered with a cutoff frequency at 30 Hz (8-stage cascading 

low-pass Butterworth).  The filtered signals from the two pressure transducers (one for 

airflow and one for pressure) were routed to two separate analog-to-digital (A/D) 

channels (Dataq DI-720), and sampled at 250 Hz and written to hard disk.  Airflow and 

pressure signals were calibrated using Glottal Enterprises calibration unit (MCU-4).   

The acoustic signal was sensed using a head-mounted microphone (AKG-420).  

The microphone’s signal was amplified and the signal was split to: (a) one channel of a 

CD recorder (Marantz CDR 300); and (b) a third A/D channel and written to disk 

(sampling frequency 8 kHz).  The acoustic signal recorded to the third A/D channel was 

used to determine the exact location for the nasal airflow measurements and pressure 

measurements in reference to targeted speech sounds.  The acoustic signal was also used 

to calculate articulatory rate.  The acoustic signal recorded to CD (sampling frequency 48 

kHz) was performed to provide a basis for any needed post-hoc fine-grained acoustic 

analysis. 
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Spoken stimuli  

Stimuli were printed on 2.5 x 11 inch cards using black, size 48 font.  The cards 

were placed on a music stand positioned approximately two feet directly in front of a 

speaker.   For each task, stimuli were randomly presented. 

Sustained Sounds 

The first set of stimuli consisted of selected sustained phonemes for measurement 

of nasal airflow.  SP speakers produced the high vowel /i/ and low vowel /α/, while AE 

speakers produced high vowel /i/ and low vowel /a/. These vowels were selected because 

of the mechanical effect of tongue-jaw displacement on the soft palate.  Velar position is 

known to be low on the /a/ (/α/ for SP) vowel and high on the /i/ vowel (Karnell, Linville, 

& Edwards, 1988; Bzoch, 1968).   Fricatives /s/ and /∫/ were selected, as they require 

sustained high oral pressure to create frication. Additionally, nasal phonemes /m/ and /n/ 

were selected for measurement of nasal airflow.  The stimuli chosen for this study are 

similar to the stimuli used in two studies that measured nasal airflow during speech in 

normal speakers, Thompson and Hixon (1979) and Hoit et al. (1994) and could be used 

for comparison.     

Words in Carrier Phrase    

Each speaker was asked to read target words embedded in a carrier phrase.  The 

same phrase was used for measurements of nasal airflow, oral pressure, and area of 

velopharyngeal opening.  The carrier phrase consisted of all oral phonemes with vowels 

preceding and following a target word.  Individual cards contained the carrier phrase with 

the target word underlined and printed in bold.  The carrier phrase for English was “I say 

_____ aloud”, and for SP “Di ____otra vez.”   



 

12 

 

With the exception of two words, target words for nasal airflow measurements 

were selected to best represent high frequency oral consonants found in Spanish.  

(McLeod, 2007; Nett-Cordero, 2008; Sandoval, Toledano, Torre, Garrote et al., 2008)    

English words or word combinations that were phonetically similar, and which had 

similar syllable and stress structure to the Spanish words were chosen.  Furthermore, the 

words were paired with high and low vowels to assess the effect of tongue placement 

(Karnell et al., 1988).   

 It was hypothesized that oral pressure would be reduced for production of /p/ in 

Spanish, since analyses of these productions have shown little or no VOT (Lisker & 

Abramson, 1964); furthermore, perceptual observation of these phonemes excluded 

aspirated voiceless stop consonants from the Spanish phonetic inventory (McLeod, 

2007).  The phoneme /p/ was targeted in words with /p/ word-initially, as well as words 

with /p/ in both initial and medial word position.  The target words for oral pressure 

measurement were paired with high and low vowels to assess the effect of oral tongue-

jaw displacement (as described above).  See Appendix B for the complete list of stimuli.   

In order to measure the area of opening of the velopharyngeal port, the word 

“hamper” was used for AE speakers.  “Hamper” was used because it is believed to 

‘challenge’ the velopharyngeal mechanism because of the proximity of the oral high-

pressure phoneme /p/ immediately after the nasal /m/ (Warren, 1979). The Spanish word 

“hampa” was chosen for SP speakers, as it is phontactically similar to “hamper” and 

provided comparable measurements for SP speakers. Differential pressure and nasal 

airflow during production of /p/ in “hamper” and “hampa” were used in the differential 
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equation in Warren and DuBois (1964) to determine the size of the velopharyngeal port 

during this speech task.  The formula for the hydrostatic equation is as follows:  

 

���� �� �ℎ� �
���� = Nasal Air�low
k  �Differential AirpressureDensity of Air

 

Procedures 

Each speaker was seated and positioned so that they were facing the stand on 

which the cards were placed.  A head-mounted microphone was worn by each speaker 

throughout the duration of data collection.  Recorded instructions, one set in English and 

one set in Spanish, were output from computer speakers positioned near the speaker.  

These were played prior to a speaker’s production of each set of stimuli (sustained 

sounds, words for nasal airflow, words for oral pressure and nasal airflow, and words 

used to measure the area of the velopharyngeal port).  The instructions included 

directions for each task, as well as provided directions for the positioning and use of the 

nasal mask and catheters.  Similar to Thompson and Hixon (1979), speakers were 

instructed to take in twice their normal breath and produce the task using a pitch and 

loudness comparable to their conversational style.  The instructions were recorded in 

English by the primary investigator and in Spanish by a native Spanish speaker.  See 

Appendix C for instructions.  

  For measurement of nasal airflow during sustained sounds and target words, each 

speaker was instructed to hold the nasal mask, so that it created a tight seal around the 

nose, but did not cover the distal opening of the pneumotachometer.  For measurement of 

oral pressure, each speaker was instructed to hold the nasal mask in the same manner, and 
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place the oral catheter immediately behind the lower lip.  Explicit instructions with visual 

feedback, to ensure proper placement of the oral catheter were given before a data 

collection session.   

For measurement of the area of the velopharyngeal port, each speaker held the 

nasal mask over the nose with one hand and the other hand held the oral catheter in the 

mouth.   To measure nasal pressure, the second catheter connected to a nasal insert was 

placed in the speaker’s more patent nostril.  The nasal catheter was placed through a hole 

in the nasal mask and could be adjusted after the nasal mask was in place.   

Each stimulus item was repeated three times.  Productions judged by the 

investigators to be inadequate (e.g. disrupted pressure peaks) were not accepted, and the 

speaker was asked to repeat the stimulus item until three successful productions were 

performed.  Each speaker was periodically offered time to rest.           

Measurement/Analysis 

Nasal airflow, pressure (oral and differential), and audio digital data were 

simultaneously displayed on a computer monitor using custom software (Labview 7.1).   

Cursors could be moved and placed on selected waveforms of pressure and flow, values 

were selected for measurement and saved to a spreadsheet. 

Measurements for nasal airflow during sustained sounds were obtained by 

locating the sustained sound and measuring nasal airflow at the mid portion of the 

sustained sound.  Nasal airflow for speech sounds in a target word was measured by 

locating the production of the sound and recording peak nasal airflow.  Oral pressure was 

measured by locating the target word within the carrier phrase and recording the peak 

pressure during the production of a /p/ in the word.  
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To measure the area of opening of the velopharyngeal port, differential pressure 

was determined from the peak pressure  and nasal airflow at the point in time of the peak 

pressure within the word “hamper” for the AE speakers and “hampa” for the SP speakers.  

The area of opening was measured by inserting the pressure and flow during the 

production of /p/ in the hydrostatic equation described by Warren and DuBois (1964).   

Speaking rate (syllables per second) was measured by marking the beginning and 

end of each phrase with the cursor to determine duration, in seconds, and dividing this 

into the number of syllables within a phrase.  Speaking rate was measured to incorporate 

the hypothesis of higher oral impedance related to reduced mouth opening at faster rates 

as a possible explanation for higher nasalance values in Spanish speakers (Dalston, et al., 

1993). Syllables per second was calculated by averaging all productions of the phrase for 

each speaker. 

 Intra-speaker and group comparisons of all measurements were made for all AE 

and SP speakers.  Where appropriate, one-way ANOVAs were used to test for 

statistically significant differences between the AE and SP speakers.  For one 

comparison, nasal airflow for the sustained nasal sounds /m/ and /n/, a mixed-design 

ANOVA was performed, with comparison of the AE and SP groups as the between factor 

and comparison between /m/ and /n/ as the within factor.   An alpha level of p < .05 was 

used for all inferential testing. 

Results 

 Descriptive statistics are reported for all variables measured.  Inferential results 

are reported only for those variables where sufficient data were available to compare 

between the two talker groups.   
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Nasal Airflow 

For this study, valid nasal airflow was considered to be higher than 10 cc/second.  

This cut-off was chosen because nasal airflow below 10 cc/sec is typically a result of 

small displacement of the VP with tight closure. (Hoit et al., 1994) 

Sustained Sounds 

 Nasal airflow was examined for the sustained speech sounds /i/, /s/, / ȓ /, /m/, and 

/n/ for both speaker groups and for the vowel /a/ for the AE and /α/ for the SP talkers.  No 

nasal airflow was detected for the fricatives /s/ and /ȓ / in either speaker group.  For 

sustained /i/, no nasal airflow was detected for any speaker in the SP group.  Nasal 

airflow for the vowel /i/ was only detected in one AE speaker (AE2).  For this speaker, 

nasal airflow was 9.55 cc/sec, 33.73 cc/sec, and 25.67cc/sec, respectively for her three 

sustained productions.  No nasal airflow was detected for the sustained vowel /α/ for any 

of the SP talkers. Nasal airflow was detected for the sustained /a/ for four AE talkers.  

Average nasal airflow for sustained /a/ was 10.00 cc/sec, 39.10 cc/sec, and 37.36 cc/sec 

for talkers AE2, AE3, and AE4, respectively. 

 Average nasal airflow for the sustained nasal sounds /m/ and /n/ are shown in 

Table 4.  Nasal airflow was on average higher in the AE group for both nasal sounds. 

Note, the large variance in the AE group, which produced an overlap of values between 

the two groups. The ANOVA showed no significant between-factor effect [F(1,11) = 

3.302, p = .097, partial ŋ² = 0.16], no significant within nasal sound factor  [F(1,11) = 

0.338, p = 0.980,], and no significant interaction [F(1,11) = 0.047, p = .833]. 
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Nasal Airflow for Selected Sounds Embedded in Words within a Carrier Phrase  

 No nasal airflow for the sounds embedded in target words was detected for any 

SP talker; and no nasal airflow was observed for six of the seven AE talkers.  The 

exception, AE7, produced an average flow rate of 15.59 cc/sec during production of the 

target word “case of”.   

Oral Pressure 

Means and standard deviations for peak oral pressure are reported in Table 5.    

After reviewing the data, the speaker group averages were essentially the same.  The 

grand mean for oral pressure for the AE group was 12.32 cm H2O with a standard 

deviation of 2.44 cm H20, and 12.50 cm H2O with a standard deviation of 4.41 cm H20 

for the SP group.  Based on these observations it was decided that no inferential statistical 

testing would be warranted. 

Size of Velopharyngeal Port 

According to Laine, Warren, Dalston, and Morr (1988) adequate VP closure is 

0.05cm² or less.  This was determined based on Warren (1979) who found that VP area 

greater than this during oral speech was not seen in normal individuals without present or 

history of velopharyngeal inadequacy (VPI).  This study used this as a standard when 

determining significant VP opening during oral speech. Values from the calculation for 

VP opening were essentially 0 for all speakers. Means and standard deviations for VP 

port size, and flow and pressure during production of /p/ are reported in Table 6. The 

ANOVA for VP opening showed no significant between-factor effect [F(1,12) =1.396, p 

= 0.260, partial ŋ² = 0.105] for area of opening.  
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Speaking Rate 

As an additional source of information, the speaking rate for each production was 

measured in syllables/second. Means and standard deviations of syllables per second are 

reported in Table 7.  On average, syllable rate was faster in the SP group than in the AE 

group.    However, the ANOVA showed no significant between-factor effect [F(1,12) = 

3.698, p = .079, partial ŋ² = 0.236]. 

Discussion 

Aeromechanical measurements were used to determine if the VP mechanism was 

closed during oral phoneme production in spoken Spanish.  This was done to determine 

the source of higher ratings of nasality and nasalance scores observed in Spanish 

speakers.  It was posited that because spoken Spanish has shorter VOT, lower oral 

pressures may be used and the need for complete VP closure is reduced, leading to less 

nasal acoustic impedance and to increased nasal resonance.  The data from this study do 

not support any difference of the aeromechanical variables studied between the AE and 

SP speakers.  

 Nasal airflow for sustained sounds and for speech sounds found in words was 

similar for both speaker groups.  Essentially no nasal airflow was observed for any of the 

oral speech sounds studied for English and Spanish.  These results are similar to those 

reported by Thompson and Hixon (1979) and Hoit et al. (1994).  When nasal airflow was 

observed it was predominantly found during the production of the low vowel /a/ for 

English and the /α/ for Spanish.  This conforms to the observations that low tongue-jaw 

position may produce a downward pull on the soft-palate (Bzoch, 1968; Karnell et al., 

1988).  
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 No difference was observed between the two speaker groups with regard to oral 

pressure during the production of /p/.  The phoneme /p/ was selected primarily because 

the VOT in English is longer than it is in Spanish (Lisker & Abramson, 1964).  Although 

oral pressures were similar, they were larger in magnitude than what has been reported 

for conversational loudness (Andreassen, Smith & Guyette, 1992).  One possible 

explanation for this difference was the intensity of production of the target words.  Even 

though speakers were instructed to read aloud in a conversational style, it was apparent 

from the audio that the target words were spoken with more intensity than the other 

words in the carrier phrase.  This may be due to the nature of the task or the models and 

instructions for the task presented by the investigators.  For example, the words were 

underlined and printed in bold font.   

 The rationale for measuring the area of the opening using ‘hamper’ in English and 

‘hampa’ in Spanish was to challenge the timing and control of the VP mechanism.  It was 

conjectured that increased duration of carryover coarticulation of nasal resonance might 

be observed in SP speakers.  However, no difference of VP opening was observed 

between the two speaker groups. 

 This study found no differences in the aeromechanic functioning of the VP 

mechanism between AE and SP speakers that would result in the higher nasalance values 

and more nasality in SP speakers.  Therefore, these differences are the result of other 

factors of spoken language.  One possible explanation for increased nasalance scores 

(Anderson, 1996; Dalston et al., 1993; Nett-Cordero, 2008; Santos-Terrón et al.,1991) 

and ratings of more nasality in SP speakers (Dalston et al, 1993; Nett-Cordero, 2008) 

could be a difference in speaking rate.  Faster speaking rates are typically produced with 
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reduced mouth opening (Westbury & Gay, 1996).  With a reduction of mouth opening, 

oral acoustic impedance increases, diverting more acoustic energy into the nasal passage 

(Hixon, Weismer& Hoit, 2008).  Although the difference was not significant, the SP 

speakers in this study used a faster rate during the production of words in carrier phrases.  

The difference between languages is consistent with observations made by (De Johnson 

et al., 1979).  De Johnson et al. (1979) found an average speech rate for AE speakers at 

3.67 syllables/sec, and an average speech rate for SP speakers at 4.24 syllables/sec. Given 

an effect size partial ŋ² = 0.256, a larger sample size may have yielded a statistically 

significant difference.  Further study is warranted to examine the effect of speaking rate 

on the perception of nasality and nasalance.  

Limitations and Future Research 

 The primary limitations in this study were the sample quality and quantity.  

Although each SP speaker was a true native SP speaker, each was bilingual and spoke 

with a different dialect.  Research has shown that as important as it is to look across 

languages, it is also essential to study variations within languages.  Seaver et al. (1991) 

looked at nasalance values within the English language by obtaining values from adults 

from four different geographical locations in the United States.  Findings from this study 

indicated higher nasalance values in the Mid-Atlantic speakers.  Furthermore, Nichols 

(1999) looked at the nasalance values in individuals from two different cities in Mexico 

that spoke different dialects and found some differences between the cities of origin.  

Consequently, future research with a larger and more controlled sample is necessary.  

The sample should include monolingual SP speakers targeting specific Spanish dialects.  

Although faster speaking rate in SP speakers is supported by both this study and De 
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Johnson et al. (1979), caution is warranted when interpreting these results.  As described 

above English and Spanish differ in syllable structure; consequently, measures for 

speaking rate may not be accurate when applied across languages.  More research is 

required for measurement of speaking rate across languages.   Furthermore, comparison 

of nasalance values and speech rate may reveal an explanation for higher nasalance 

values in certain languages.   
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Table 1: Age and Sex for English Speakers 

 

 

 

 

 

 

 

 

 

 

   

 

 

 

 

 

 

 

 

 

 

 

AE      Age Sex 

AE1               29 M 

AE2               30 F 

AE3 24 F 

AE4 31 M 

AE5 18 F 

AE6 25 F 

AE7 37 M 
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Table 2: Age and Sex for Spanish Speakers 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

SP      Age Sex 

SP1               25 F 

SP2               25 F 

SP3 21 F 

SP4 24 M 

SP5 20 F 

SP6 20 F 

SP7 25 M 
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Table 3: L2 Language History Questionnaire (Short Version 1.0) Results for Spanish 
(SP) speakers 

  

Country 

of origin 

Country 

of 

residence 

Length of 

time in 

United 

States of 

America 

Native 

language 

Mode of 

learning 

second 

language 

Foreign 

accent 

SP1 Venezuela USA 5 years Spanish 

formal 

classroom 

instruction 

and 

interaction 

mild accent 

SP2 Venezuela USA 3 years Spanish 

formal 

classroom 

instruction 

and 

interaction 

 

SP3 USA USA 24 years Spanish 

formal 

classroom 

instruction 

and 

interaction 

mild accent 

SP4 Peru USA 2.5 years Spanish 
social 

interaction 

Moderate 

accent 

SP5 Argentina USA 7.5 years Spanish 

formal 

classroom 

instruction 

and 

interaction 

mild, 

occasional 

accent 

SP6 

Columbia, 

South 

America 

USA 9 years Spanish 

formal 

classroom 

instruction 

and 

interaction 

mild, 

occasional 

accent 

SP7 Mexico USA 19 years Spanish 

formal 

classroom 

and 

interaction 

moderate 

accent 
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Table 4: Nasal Airflow on Sustained Nasal Phonemes (means and standard deviations, in 
parentheses) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Speaker 
Group 

     /m/ (cc/sec) /n/ (cc/sec) 

AE 
174.45 

                (62.99) 
172.75 

  (67.52) 

SP 
123.38 
(22.77) 

125.54 
 (27.81) 
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Table 5:  Oral Pressure on /p/ (means and standard deviations, in parentheses)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Speaker 
Group 

     /p/ (cmH20) 

AE 
12.32 

                 (2.44) 

SP 
12.50 

             (4.41) 
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Table 6: Velopharyngeal Port Size, Oral Pressure and Nasal Airflow for Production of 
/p/ in “hamper” and “hampa” (means and standard deviations, in parentheses)  

 

Speaker 
Group 

     VP Size /p/ flow (cc/sec) /p/ pressure (cmH20) 

AE 
0.0026 

                (0.0014) 
8.04 

(4.97) 
12.97 
 (1.03) 

SP 
0.0042 

(0.0022) 
10.96 
 (4.23) 

14.08 
  (6.42) 
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Table 7: Speech Rate (means and standard deviations, in parentheses) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Speaker 
Group 

         Rate     
          (syllables/sec) 

AE 
3.70 

        (0.57) 

SP 
4.35            

           (0.70) 
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Appendix A: L2 Language History Questionnaire (Short Version 1.0) for SP speakers  
 

L2 Language History Questionnaire (Short Version 1.0)  
 
 Please answer the following questions to the best of your knowledge    

 1. Age (in years):  

2. Sex: Male Female  

3. Education:  

4(a). Country of origin:  

4(b). Country of Residence:  

5. If 4(a) and 4(b) are the same, how long have you lived in a foreign country where your 
second language is spoken? If 4(a) and 4(b) are different, how long have you been in the 

country of your current residence? (in years)  

6. What is your native language?  

7. Do you know a second language? If yes, please specify here.   Yes, and my second 

language is: No. (If you answered NO, you need not continue this 
form)     

8. Please specify the age at which you started to learn your second language in any or all 
of the  
following situations:  

At home:  
In school:  
After arriving in the second 
language speaking country:  

 
 
9. How did you learn your second language up to this point? (check all that apply)  

Mainly through formal classroom instruction 

Mainly through interacting with people 

A mixture of both 
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10. List all foreign languages you know in order of most proficient to least proficient. 
Rate your ability on the following aspects in each language.  

Language Reading 
proficiency  

Writing 
proficiency  

Speaking 
fluency  

Listening ability 

     

     

     
 
 
 
11. Provide the age at which you were first exposed to each foreign language in terms of 
speaking, reading, and writing and the number of years you have spent on learning each 
language.  

Language Age first exposed to the 
language  

Number of 
years 
learning 

  Speaking Reading Writing    

     

     

     
 
 
12. Do you have a foreign accent in the languages you speak? If so, please rate the 
strength of your accent below  

 

 
 
 
 
 

 
 
 
 

 
 
 
 
 

Language 
Strength of 
Accent 
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Appendix B: Stimuli 

 

English Spanish Translation  
Velopharyngeal Opening Stimuli 

hamper hampa Underworld 
Oral Pressure Stimuli 

pea pod pipa Pipe 
papa papa Potato 
pair of perro Dog 
peek pico Mouth 
peacock pica Hot 

Nasal Airflow Stimuli 
Sustained Productions   
/i/ 
/a/ 
/s/ 
/∫/ 
/m/ 
/n/ 

/α/  

Target words for carrier 
phrase: 

  

I say ______ aloud. Di ______otra vez.  
baby bebe To drink 
data dedo  Finger 
two tú You 
Tito Tito Name 
taco taco Plug, wedge 
top tapa Top 
deed  dita Security bond 
Asia ella She 
essay ese  That one 
yogurt yogur  Yogurt 
ago hago I do/make 
chacha chacha Chacha 
cheap chibalo Marble 
gaga gajo  Slice 
khaki kaki Color 
case of queso Cheese 
seated sita Situated 
sappy sapa Beatle nut residue 
sapid sapida High-flavored 
soapy sopa Soup 
socko saco Sack 
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Appendix C: Stimuli Instructions (English) 

 

Nasal Airflow 

Sustained Sounds 
Please place the mask over your nose, take in 2x your normal breath and sustain 
the sound on the card for 5 seconds in what you consider you conversational style.  
For example,“/uuuuuuuu/”. 
 
(3 times—“take in 2x your normal breath and do it again in your conversational 
style.”) 

 

Words using carrier phrase, “I say ______ aloud”.  

We’re going to ask you to say a number of words embedded in a carrier phrase 
after taking in 2x your normal breath, in what you consider your conversational 
style.  For example, “I say dog aloud”. 

(3 times—“take in 2x your normal breath and do it again in your conversational 
style.”) 

Oral Pressure 

Words using carrier phrase, “I say ______ aloud”.   

We’re going to ask you to say a number of words embedded in a carrier phrase 
after taking in 2x your normal breath, in what you consider your conversational 
style.  For this, please place the mask over your nose and put the tube just behind 
the lips, so your teeth or tongue do not interfere with the tip of the tube.  For 
example, “I say peak aloud.”   

(3 times—“take in 2x your normal breath and do it again in your conversational 
style.”) 

VP Opening 

Words using carrier phrase, “I say ______ aloud”.   

We’re going to ask you to say this word embedded in a carrier phrase after taking 
in 2x your normal breath, in what you consider your conversational style.  For 
this, please place the foam plug in a nostril.  We’ll help snug the mask up to your 
face.  Then place the tip of the tube behind your lips so it does not touch your 
tongue or teeth.   

(3 times—“take in 2x your normal breath and do it again in your conversational 
style.”) 
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Appendix D: Stimuli Instructions (Spanish) 
 

Flujo de aire nasal 

Sonidos sostenidos 

Por favor, póngase la mascarilla en la nariz, respire hondo (dos veces su respiración 
normal) y sostenga el sonido de la tarjeta unos cinco segundos usando lo que usted 
considere su estilo conversacional. Por ejemplo: “uuuuuuuu” 

Respire hondo de nuevo (dos veces su respiración normal) y haga lo mismo otra vez 
usando lo que usted considere su estilo conversacional. 

Palabras con “Di____otra vez”  

Vamos a pedirle que diga un número de palabras dentro de una frase después de respirar 
hondo (dos veces su respiración normal), en lo que usted considere su estilo 
conversacional. Por ejemplo, “Di perro otra vez” 

Respire hondo de nuevo (dos veces su respiración normal) y haga lo mismo otra vez 
usando lo que usted considere su estilo conversacional. 

Presión Oral 

Palabras con “Di____otra vez”  

Vamos a pedirle que diga un número de palabras dentro de una frase después de respirar 
hondo (dos veces su respiración normal), en lo que usted considere su estilo 
conversacional. Para esta tarea debe colocarse la mascarilla en la nariz y poner el tubito 
justo detrás de los labios, de forma que los dientes o la lengua no interfieran con el 
extremo del tubito. Por ejemplo, “Di perro otra vez” 

Respire hondo de nuevo (dos veces su respiración normal) y haga lo mismo otra vez 
usando lo que usted considere su estilo conversacional. 

Abertura VP  

Palabras con “Di____otra vez”  

Vamos a pedirle que diga un número de palabras dentro de una frase después de respirar 
hondo (dos veces su respiración normal), en lo que usted considere su estilo 
conversacional. Para esta tarea debe colocarse el tapón de gomaespuma en un agujero de 
la nariz. Le ayudaremos a colocarse la mascarilla. Después,  coloque el tubito justo detrás 
de los labios, de forma que los dientes o la lengua no toquen el extremo del tubito. 

Respire hondo de nuevo (dos veces su respiración normal) y haga lo mismo otra vez 
usando lo que usted considere su estilo conversacional. 

 
 


