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Rethinking Nasalance and Nasal Emission

By Martin Rothenberg
Syracuse, NY
A shorter version of this paper was distributedhsy author at the T2International Congress on Cleft Lip /Palate
and Related Craniofacial Anomalies, Orlando, Ma9,6013.

There are a number of physiological problems thatresult in speech that can be classified as atailyr
nasal, where this term refers to abnormal operatidhe structures that separate the oral chamber the
nasal passageways aerodynamically and acoust{spkyech associated with Velopharyngeal Insuffigrenc
or VPI). Important among these problems are desfaed a cleft palate or repaired cleft. Thoungh t
literature contains numerous attempts to evaluétepérceptually (Henningson, et al. 2008), theeeadso
many attempts to evaluate and correct VPI usingaive instrumental methods. We focus here on
measuringnasal airflow in pressure consonants and quantifyiagal resonanceroblems, or hypernasality,
in vowels and vowel-like consonants. The latteals® commonly referred to as nasalization. Lastky,
consider theveak voice syndromehat often accompanies a history of VPI (Trostagdamone JE, et al.
2006), presumably a learned behavior that is pickeds an individual having significant nasal esoaipair
in pressure consonants attempts to reduce suels@pe by speaking with a reduced subglottal pres6i
the two major dimensions of VPI, namely nasal awfin consonants and nasal resonance in vowela| nas
air escape in pressure consonants is the more famtqaroblem in the speech of individuals with eftcl
palate or a repaired cleft. Conversely, nasalnasce in vowels is the more important problem e th
speech of the deaf, with or without a cochlear anplsince the degree of hearing in such casdteis o
insufficient to distinguish a nasalized vowel frdine same vowel produced without nasality. On thero
hand, proprioception is usually sufficient for aaheg impaired speaker to monitor, and if necessargect,
the production of pressure consonants.

Nasal Emission

Baken and Orlikoff (2000) accept the definitionNdsal Emissionas the escape of air through the nasal
passages when the speaker is attempting to pr@dsigeech sound requiring significant intraoral tirea
pressure, such as plosives or most fricatives.wiWeefer to such speech sounds asphessure

consonants According to Baken and Orlikoff, and we agragsal emission is a fairly straightforward
concept, not subject to much debate. Nasal Emissiarbe readily measured and displayed by meaas of
pneumotachograpfa system for measuring volume air float)the nose.” Though there is a flow of voiced
airflow through the nose during a nasalized vowehasal consonant, the term Nasal Emission isrgéye
meant to refer to the effect of VPI on pressuresoo@ants, and is not associated with vowels or nasal
consonants.

Though nasal emission is easily detected and meddiyr means of gneumotachograph at the nose, and
there a number of commercially available systemsléing this,an inexpensive and convenient way to
detect the presence of nasal emission is to loofofyging of a mirror held under the nostrils ($eecalled
Glatzel mirrortechnique).

If nasal emission is associated with some degreerbbilence at the point at which the airflow essamto
the nasal passageway, it is often referred to asb®iNasal Emission. However, we will not be cemed
here with the audibility or inaudibility of nasahéssion, only its magnitude.

The NEM System

Examples of nasal emission will be shown here esrded using the NEM system from Glottal Entergise
The NEM System measures and displays the nasasiemigf airflow by means of a wire-screen
pneumotachograph mask enclosing the nose. Thensysiultaneously monitors and displays the speech
acoustic energy as recorded from a microphonesrekctronics enclosure mounted on the handle.
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FIGURE 1. Dual chamber mask and mask handle used in the NEM system for
recording and displaying nasal emission.

In the NEM software, airflow and sound level areplthyed simultaneously as a function of time iwe-t

color chart. An example is shown if Figure 2.
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FIGURE 2. The bi-syllable /apa/ spoken with three levels of nasal emission by a
phonetically trained male adult speaker. Areas in red show the level of airflow in the
consonants, while the green areas show the sound level in the vowels.

Note: Nasal Emissiodoes not directly reflect the area of the velophgngeal opening. Systems
for estimating opening area more closely also iktoe oral pressure and compute an estimate of
area from a combination of airflow and pressur@wever such systems tend to be complex and
expensive. For most clinical situations, airfloree may suffice, especially if augmented by a

measure of vocal effort, as in Fig. 2.

Norms for Nasal Emission -Values for nasal emission that separate normalyastazhs and those with VPI
are easy to determine from the literature cite®alen and Orlikoff (Tables 11-4 and 11-5). In amal
production of a pressure consonant, there is bitleo nasal emission. Taking into account thesibdgy of
measurement errors, we could say that values bapproximately 30 ml/s can be considered normal for
adults for typical levels of voice effort (and sidital pressure). Peak airflows above about 109 dhifing
the consonant appear to indicate some degree @fiiment (Baken and Orlikoff Table 11-5). The fdwt



Rethinking Nasal Emission and Nasalance 11 dsaéif June 9, 2014

there is no nasal emission in normal speech is eaggrify. Figure 3 shows an NEM recording of the
sentence ‘Peter piper picked peppers’ and two itepres of sa sa sa by a male adult with normal spee
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FIGURE 3. Examples showing that there is no appreciable nasal emission during
pressure consonants in normal speech.

Note that there is no nasal emission recorded gy of the pressure consonants in the sentence or
syllable sequences. The slight indications of hasassion in the sa sa sa repetitions occur irpthese
between the /sa/ sequences and at the termindttbe nal vowel and not during any of the six guations
of /s/. The heights of the green areas, indicatiegsound pressure level in the vowels, indicaé tthe
speech volume was at a typical conversational lievebth cases.
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FIGURE 4. Compiled examples from the testing for nasal emission of a teen-age boy having a repaired
submucous cleft.

The examples of repetitions of the syllable /pa/, going from 1 to 4, show a progressive reduction of nasal
emission along with an increase in vocal effort. Example 5 shows the subject starting a sequence of ta
syllables with considerable nasal emission, which decreases progressively in the second and third syllable.
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Nasalance

Nasal resonance, or hypernasality, is more diffittumeasure and quantify than is nasal emissiatisb
commonly believed to be somewhat quantified byaibjective measurement called Nasalance.

Nasalance is defined as a ratio of the nasallytechdcoustic energy (N) in vowels to the sum ohitgs
emitted acoustic energy and the orally emitted @néD), usually expressed as a percentage 100xH{®)N

In summary, nasalance measures the effect of VRbamels and vowel-like consonants (such as the
sonorants /I/ or /r/). Since nasalance is measinoed acoustic energy associated with vowels, iitas
relevant to quantifying the nasal escape of apressure consonants (nasal emission).

TheNasality Visualization Systemfrom Glottal Enterprises (and an associated produealview) can
measure both of these aspects of nasality, nasasiem and nasalance. [Systems that measure only
nasalance, such as the Kay-Pentax version of tenmeter, measure only hypernasality in vowels.t Tha
system tells the user nothing about nasal emigsitve. component of the Nasality Visualization Systéat
measures nasalance is the NAS system.

With an appropriate handle (not shown), the NASesyscan be used with the dual-chamber CV mask
shown in Figure 1. The screen pictures of nasalashown here were taken using a separator hantlieawi
partition that is held against the upper lip anttihohe two microphones and electronics. This heaisd
shown in Figure 5.

FIGURE 5. Separator handle for recording
nasalance.

Measurement of Average Nasalance

Until recently, testing for a subject’s level ofsadance has been commonly performed using one & afio
the following types of test material (Categorighrbugh 3) originally suggested by Fletcher andalssociates
approximately 40 years ago (Fletcher, et al. 1974):

Category 1. Sentences or phrases that are rich in nasal cantoriFor example the “Nasally biased”
sentences proposed by Fletcher, (see Baken ardfiiable 11.2) and the sentences suggested inghe
manual for the Kay-Pentax version of the Nasometer.

Category 2. Sentences or phrases that are rich in pressnsmoants but have no nasal consonants. For
example, the Zoo Passage described by Baken aitdfDdnd elsewhere.

Category 3.Sentences or phrases that are phonetically balaxéar as frequency of occurrence. For
example, the well-known Rainbow Passage for English

More recently there has been an interest in ugngesices or phrases that have no nasal consomants o
pressure consonants, as Hello, how are you? or&\drerwe? or Here we are. or | hear her. In antece
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Research Note, Zajac has referred to such prochscéis ‘low-pressure sentences’, and also mentimns t
English sentences (a) We were away. (b) Why weveayeay? (c) We were really low. and (d) We were
away all year. (Zajac, 2013) We will refer to syittases and sentences as beir@ategory 4

It is suggested by many in the literature and erttanual for the Kay-Pentax version of the nasontle&
by establishing norms in the first three categoiiids possible to identify nasality problems attjeely, and
separate normal from abnormal speech. Let us eeaadch category after first defining coarticuliatio

Understanding Coarticulation
To understand the use of Nasalance in estimatirigdrie@ must appreciate the role of coarticulation
in speech, especially in determining nasality. Vélkar and pharyngeal movements that determine
nasalization are not rapid (except maybe in higtdined voice users). As a result, the state ®f th
velum and pharynx in a particular speech soundftvenat be a vowel, pressure consonant or nasal
consonant, can strongly influence the state of/#lem and pharynx in adjoining speech sounds.
This is termed coarticulation.

NVS unique features— The examples of nasalance below were recorded tis¢ NAS system for
measuring and displaying nasalance from Glottagipnises, which is part of the Nasality Visualinati
System. To understand the graphs of nasalancernsherg, it should be understood that the NAS system
has two unique features that differentiate nasal@harts from those produced by devices from other
manufacturers. These features can be selecteddiingl on the appropriate control panel icons shawn
Figure 6.
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FIGURE 6. NAS system control panel with two exclusive features circled

Feature 1. The capability for excluding from aerage value computation the nasalance values during
nasal consonants (though not from values assoamthaoarticulation with such consonants). Sirtoe t
velum is lowered and the oral passageway closddglarnasal consonant, the acoustic energy radvated
be all or almost all nasal, and therefore the aa&a will be close to 100% (generally above 90%)ese
high values of nasalance will be attained in norspalech and are not indicative of hypernasalitgluding
them in average value computations meant to explicgpernasality does not make sense.

Feature 2. The capability for compensating fothimvalues of nasalance displayed, much of thastico
crossover between the oral and nasal channelss {@dture is covered by a US Patent) Activatimg t
feature makes the nasalance in non-nasal speessr ¢ttothe theoretically expected value of zerd, the
nasalance in nasal consonants closer to the thesdhgexpected value of 100%.

In addition, the NAS system has the capabilityMisually differentiating values of nasalance coneplut
during a nasal consonant by displaying such valueasother color, as in the productions of /m/rgrih
Figure 7. We will see examples of this in senteraephrases in the various categories.

Category 1. Sentences or phrases that are rich masal consonantsas in Figure 7, obtained using a
Separator Handle. (A similar result could be expeéctsing a Mask Handle.)
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FIGURE 7. Estimating the improvement in measurement efficiency obtained by
excluding nasal consonants when averaging.

In Fig. 7, the nasalance averaged over the ertiagt vas 63%. However, if the feature “Exclude &las
Consonants” was selected, the average nasalarptayeid was 36% (lower horizontal line), which can b
seen to be a much better representation of theageermlue during the vowels (green areas). (Cvesso
compensation was used in both cases.)

Figure 8 shows a display of nasalance from a NgSdisualization System as recorded from a normal-
speaking phonetically trained adult male subjegingg/ma ma ma ma ma ma/, using a separator éandl
The first three syllables were pronounced with #&@napt to produce a minimal nasalization of the el®y
while the final three syllables were pronouncechvaih attempt to produce a maximum nasalizatiohef t
vowels. The object was to see if the NVS featdrexaluding the nasal consonants from the compurtaif
average nasalance could bring a greater sepataioreen the nasalance values for the minimallylizasa
syllables (44% and 18%) and maximally nasalizedele60% and 30 %).
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FIGURE 8. Minimally nasalized and highly nasalized vowels in a nasal consonant context,
testing the effect of excluding the nasal consonants in the averaging.

When including nasal consonants in the averageatieof average nasalance values for the highly
nasalized to minimally nasalized vowels is 60/44.36. When the nasal consonants are omitted fnem t
average calculation, the ratio is 30/18 = 1.6/ usTthe differentiation between the highly nasaliaed
minimally nasalized changed from changed from 1036.67. The differentiation ratio increased b¥10for
an improvement of 0.31/1.36, or 23%.

A caveat for singers: ®me singers would like to keep vowels denasalieedn in a nasal consonant
environment. With concentration and practice, ssinigers may be able to produce low nasalance vatue
a sentence with lots of nasal consonants. Sommapga from a non-singer attempting to emulate the
nasalance pattern of a singer are in Figure 9.
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FIGURE 9 Reducing coarticulation effects from nasal consonants.

In Figure 9 one can see the effort made by thialggreto close the velum in the intervals betweemidsal
consonants. The nasalance values of close to @0#gdhe nasal consonants indicate that the subjec
appeared to succeed in lowering the velum andradasie oral pathway during the consonants, though
maybe not completely in some instances.

Thus the feedback from this display may be usefdhe training of singers.

Category 2. Phrases that are rich in pressure consants but have no nasal consonantge illustrated in
Figure 10, in which a normal speaker spoke the elses sequence ‘papa baba sasa’. As explained in th
caption, the consonants are indicated by a yeltoywesat the baseline, the color displayed in theeace of
voiced energy.
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FIGURE 10. Vowels between the pressure consonants /p/, /b/, and /s/, showing a minimum of
nasalance (2% average for the vowel /a/). The yellow bars indicate that the voiced energy in the
oral and nasal channels at that instant was below a preset threshold and no nasalance
measurement was possible. Thus these yellow bars mark the /p/ /b/ and /s/ consonants and a period
of silence after the final vowel.

If pressure consonants in a sentence are produitieé\good velopharyngeal closure (no nasal em$sio
coarticulation effects are likely to result in aogovelopharyngeal closure in the neighboring vovaeld a
correspondingly low vowel nasalance. Thus sentenc@hrases in Category 2 will generally, but not
necessarily, have the lowest nasalance. Sentenpégases in Category 2 should be considered r@snang
vehicle for learning to close the velum during vésyand as a test vehicle to see if a subjecth®as t
physiological capability for effecting a velophaggal closure in a vowel or as the first step imtray velar
closure during vowels.

Nasalance will also vary with the nature of the gbheing pronounced, as is well documented in the
literature cited by Baken and Orlikoff (Table 11-3s illustrated in Figure 11, in normal speetie t
vowels that have no significant oral constrictionwiard of the velum, such as /a/ / ae//dkeénd b/, have a
similar nasalancéor a given degree of nasalization, ahak is near zero in the context of pressure quarss.
The vowel /i/ (as in “peat”) has the highest leskhasalance for a given degree of nasalizatioleaat in its
English pronunciation.

no nasalization throughout MF. -adult male

1.0 20 Time (sec) 3.0 4.0

pa (pod) pae (pad) PE (per)  PIpin)  Plipes)  PU (pool) P (paw)

FIGURE 11. Nasalance variation among the non-diphthong vowels of English following the pressure
consonant /p/. Speaker is an adult male having no hypernasality.
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Though other vowels may exhibit more nasalance tha /a/ vowel, the pressure consonant environment
will usually result in the minimum for that voweddain see Table 11-3 in Baken and Orlikoff).

Note that the variation with vowel value may alesuit in variations between languages and between
dialects of English.

Category 3. Sentences or phrases that are phonetily balanced. Such phrases and sentences contain
segments during which the vowel nasalance is begrgased by coarticulation from nasal consonants,
factor not related to VPI, and segments duringcvltioarticulation from pressure consonants may be
reducing the nasalance. In addition, if the nasadanalysis program used does not have the cgpacit
exclude nasalance values from the nasal consotiatselves, as does the Glottal Enterprises proghem
average nasalance will be further increased byetkimneous factor. This is illustrated in Figdrabove.

Category 4 Sentences or phrases that have no nasal consonamtressure consonants

However if a person with nasality problems exhibhilew nasalance in Category 2 sentences (havilyg on
pressure consonants), it will not necessarily nibanthis person’s speech without pressure congsnéh
not be nasal. The ultimate test of a speakerlgytn speak or sing without nasalization of theuels is the
ability to produce low nasalance in sentences iithvthere are no nasal consonants or pressure canso
such as the sentences “How are you? “ or Wherev@?ain English (Category 4).

In Figure 12, a Category 4 sentence is shown spipitensionally with 3 degrees of nasalization, by a
phonetically trained normal-speaking male adulbgpe

B Nasality Visualization System Version 2.3.3
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FIGURE 12. The sentence How are you?, in Category 4, spoken by a normal speaking trained
linguist with 3 degrees of nasalization. Sentences were spoken separately and compiled graphically.

Nasalance can be expected to correlate most higtiythe perception of nasality for sentences iteGary
4, and they make the best test of a speaker'syatmlicontrol the velum without the help of pressur
consonants to aid in the closure. The criteriaellef 15% in Figure 12 is a suggestion for sejpaga
vowel segments that do not sound nasal (coloracengreen) from those that exhibit significansabty
(colored red above the 15% criterion level in tigaife). It would be interesting and informativetést this
level suggestion experimentally.
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Caution: In measuring nasalance it should be kept in mind wdit this measure_is not:

Nasalanceloes not directly reflect the subjective level afasal resonance There are a number of
reasons for this. One is that nasalance varidstivit vowel. Nasalance also is strongly affecteddsal
consonant coarticulation, whereas nasal resonanuat.i It is as if the listener’s perception expéahe
increased velopharyngeal opening near a nasal sansand ignores it when judging nasality. Pemgiv
nasal resonance is also affected by the acoudtibe @anterior nasal passages. Nasalance isimdéct,
partially blocking the nares will increase the ggtton of nasality and for this reason is commardgd as a
test for VPI. However, blocking the anterior nanet tend to_decrease the nasalance, since itaesithe
passage of acoustic energy through the nose.

There are other mechanical and procedural probiemgempting to correlate nasalance with perceived
nasal resonance. For example, a separation pantésting on the upper lip will register differeatiues of
nasalance depending on the positioning of the agmarThis is true for all makes of nasometerhgmask
handle separator available from Glottal Enterpreesvs much less of this effect. Also, perceivasah
resonance depends somewhat on voice level andygubllasalance values in general do not vary witicey
level and quality, though the acoustic filteringtioé nasal passageways could conceivably causpéutral
qualities of the voice to interact with nasalance.

Norms for Nasalance- Unlike as is the case for nasal emission,diffecult to establish ‘normal’ values
for nasalance in any natural speech task, givenaheus factors that can affect the readings, @afe the
co-articulatory effects described above and thatians with the vowel being spoken. Cliniciane arwell-
advised to keep these effects in mind when tregdatgpnts, and not look for a magic procedure Wiktuse
nasalance measurements to separate a normal vanehe with VPI. On the other hand, nasalancebean
quite valuable clinically in measuring and disptayintrasubject variations, since in intrasubject
measurements most of the confounding variablea@rpresent. For example, nasalance can be used fo
measuring the effect of surgery or therapy. Alssatance displays can be useful for biofeedback for
patients learning to hear their own nasality aretduce their nasality. When using nasalance rasobject
measurements, a guiding principle is that for @giknguistic context, voice level, etc. the nasatawill
invariably increase when the area of the velophgeghpassageway increases, and vice-versa.

However, a speech task with an easily defined formasalance can be constructed if the confounding
variables of coarticulation or vowel value arenegtd. In Figure 12, the vowel has been restittea
single vowel in order to determine the possible&§ of coarticulation with a male adult deaf speak
having two cochlear implants. Concerning the tssshown in the figure, I t is of possible interiestthe
purpose of speech training that this speaker smogre nasalance in the context of unvoiced biladonal
alveolar stops than with voiced stops, but hasasalance in either the voiced or unvoiced velgrsto

In the context of low pressure consonants (lalagai@mplel10), the subject was able to keep a good
velopharyngeal closure in the first 6 syllablesybger lost this ability progressively in the suatiag
syllables. Again, this result may have some ingtians in speech training. A normal-hearing speake
would be expected to keep a good velopharyngealicdathroughout.



Rethinking Nasal Emission and Nasalance 11 dsaéif June 9, 2014

13

HOPE: g 25-year-old
1 | S_ male, deaf at
o § Mamama 4 years, with
P two cochlear
Average 5% ) .
Masalance: Implants
MODEL - 100% -
o % a
2 -@% 2 papapa
‘ = ﬁ
A -2 g
N;Ear\ifnece: 12% I.-J |. J .‘u u‘ o _‘_- _a% s
MODEL - 100% o
_ B %
3 g
=
o § ba baba
A _ o0 3
N;:;I_ﬂ;gnece:Z% e |_|_..____I_|_I_.__a-_& g
MODEL - 1R o
g 2
e B
4 g
J J H “ 1 tatata
A 3
o [N N | JJJJJJJJJ :
MODEL lm -
5 o
A ﬁ
g dadada
-2 3
z;:;?agnece; 3% ‘ LAJ._‘I_‘__'_.._.._‘-_._J__M f
MODEL - 100% -
6 o 2
-on § kakaka
Average ‘ -0 %
Masalance: 3% l_‘ “_ | I M| NN | N N |I_ L [ [N 1Y
MODEL - 100% -
7 g
¥t - gagaga
- A B
Average ‘ L -2k %
Masalance: 3% |._J _ I._ L. "_
MODEL -lm -
8 iy
e S
 AlAaddadif. . .=%"""
A 3
N;:;Iaa‘_:lneoe: 7% ‘ ad bd b g :
MODEL - 100 -
9a e %
‘ -40% ﬁ ZaZa Za
-20m 2
e Aiadadhal ¢
MODEL - 100% -
10 o 2
L4, @
S lalala
Average -30% §
Nasalance:) 10% C W e

FIGURE 13. Nasalance for a deaf speaker with bilateral cochieplants, with the vowel restricted
to /a/ in order to study the effect of the consarmamtext prior to speech training.
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As explained above, the NAS system can be seteyp gut the nasality values that occur during theaha
consonants, and are not related to VPI. Thusigaré 13, the consonants are greyed out in theréeated
syllable phrase in which the consonant was a n@@salrt number 1). However, in a repeated consonant-
vowel sequence in which the consonant is a voicedgressure consonant other than a nasal (/l/arcéise

of lalalala, number 10), increases in the nasalancelated to VPI are caused by the oral congtnstin the
consonants.

However, in a recent innovation, the NAS systenmfi@lottal Enterprises has the unique capacity &y gr
out the increases in nasalance that are causedebgral constrictions in a repeated syllable secgien
which the consonant is a low pressure consonalaig)a This greying out of the consonants makes the
variation in vowel nasalance more clearly observed.

speaker a 25-year-old male, deaf at 4 years, with two cochlear implants

MODEL -100% ; )
= ¢ unmodified nasalance in
10 I alal 2 == = the repeated syllable /la/,
| H | ﬁ % as lalalala ....
vl b AhaBasead T
D %% 5 Syllable sequence above
™ §  but with the increases in
10 ..z nasalance attributed to
— | % the consonants greyed
Masalance: | 10% - 0%

nasalance attributed to the vowels
FIGURE 14. Display of lalala in NEM system explained.

In Figure 14, the unmodified nasalance in the secmidalalala/ is shown at the center, and aftergtieying
out of the consonants in the bottom-most charte gileen area in the bottom chart follows and mat@®
visible the variation in the vowel nasalance froptadble to syllable.

Vocal Effort

As mentioned above, VPI is related to vocal efford complex manner, especially in the case oflsgrea
having a cleft palate or repaired cleft. Thus gsialof the speech associated with VPI should dela
measure of the vocal effort used. There are twimog for this. In the option illustrated in Figut5, the
vocal effort is indicated by the sound pressurell@vthe vowels, shown in green on the chartse Jjpeaker
in this case was a 10 year old male child beingtéck for a submucous cleft. In these recordingshiogved
considerable nasal emission (red) during the priooluof /s/, whether he spoke at a low or high Vedfort.
In other similar recordings, it has been found thatSPL during the vowels, as reflected in theglmeof the
green areas in the nasal emission chart, gavesanahle and useful indication of vocal effort thppeared
to explain variations in variations in Nasal enossi
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FIGURE 15. Display of vocal effort in the NEM system, as reflected in the SPL during the vowels.
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The second option for monitoring vocal effort istweasure the approximate level of subglottal pressuring the
utterance. Until recently, the difficulty in doitkis non-invasively has made this option impradtiand therefore
speech pathologists rarely considered the optitmwever, advances in technology have recently nagdéable a
hand-held device for providing a real-time appraadion to the subglottal pressure. One versioruofis device is
shown in Figure 16. (Though designed for speechowitVPI, it is likely that protocols can be dedder speech
with VPL.)

bay
g

/

18

\ \\\\‘\\i'ilﬁl‘
3 ‘\%\ 10 12 14 16
o

T e ?g'
N
™ y B8 /0/

‘o
o FO

18!
1ot I
arettal S ons!

£ g

FIGURE 16. Device for providing a real-tie abproximation to subglottal pressure during speech.

CONCLUSIONS

In a 2008 report, Henningson, et al. state thatcggetual evaluation remains the gold standardValuating
(cleft palate) speech, as well as the most commasdg method”. However, for over 40 years, re$easc
have been attempting to develop quantitative inséntal techniques to support and in some casesceepl
perceptual evaluation. The primary candidates h&es nasopharyngoscopy, nasal emission of airflow i
pressure consonants, the nasalance of vowels, aagumes of vocal effort such as SPL. During thé tpas
or three decades, advances in technology, suchngatune pressure transducers, electret microphands
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inexpensive powerful personal computers that carcamplex analysis and display programs in reaétim
have brought improvements in devices availabl&é¢ospeech pathologist. Unfortunately, advances in
methodology have not grown apace. For examplesarements of nasalance are still primarily madegusi
protocols suggested by Fletcher and his assodlfitgears ago (Fletcher, et al. 1974), as if thesewet in
stone and not just good faith suggestions.

It is argued here that, unlike the case for nasedsion, because of the multitude of confoundirgjdies
affecting a reading of nasalance, norms that etfelgt separate normal and defective speech arieudliffif
not impossible to develop using the outdated pasosuggested by Fletcher, and that unless otlo¢ogwls
having less variance are developed, nasalancedsheukstricted to intrasubject comparisons.

In the figures above we have illustrated alterreatreatment of nasal consonants, both in the softaad in
the protocol used. We have found repeated moraiggh useful both in testing and speech trainind,ia
measuring nasalance, we have found that restridtemgowel (as to the vowel /a/) to eliminate the
variability not attributed to VPI that occurs witbntinuous natural speech. We also suggest that th
sentences and phrases containing only low pressur@asal consonants be considered for testing and
speech training, and that systems for displayirgalaace include a capacity for differentiating begw the
nasalance in the consonants and that in the voa®lis, Figures 13 and 14.

Finally, we can argue that systems for conveniadtatfordable measurement and display of subglottal
pressure will be increasingly available, and tha#e®h Pathologists should become sensitive to whiere
component of vocal effort is important in speedgdiosis and treatment.
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