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 Introduction 

 Voice focus is a concept from singing pedagogy that 
has been adapted to voice therapy. The shape and length 
of the vocal tract determines the timbre of the voice  [1] . 
A shortened vocal tract with a raised larynx, a forward 
tongue carriage, and a narrowed pharynx results in a 
bright and juvenile vocal quality (forward focus). A vocal 
tract lengthened by lowering the larynx, carrying the 
tongue more posteriorly, and widening the pharynx, re-
sults in a dark and throaty voice quality (backward focus) 
 [2] . The lengthening or shortening of the vocal tract 
changes the frequency distribution in the long-term aver-
age spectrum, in particular the second formants (F2) of 
vowels  [3] . In voice therapy, a balanced, central focus is 
the goal  [4] .

  In a previous study, we investigated whether the speak-
ing focus of the voice influences oral-nasal balance in 
speech. Oral-nasal balance is regulated by the velopha-
ryngeal mechanism  [5, 6] . Velopharyngeal closure is a 
task-dynamic process. The degree of velopharyngeal el-
evation can vary for different tasks such as swallowing, 
speaking, whistling, or blowing  [7–9] . The oral-nasal bal-
ance of different vowels varies systematically  [10–13] . 
Different speakers may also vary in their velopharyngeal 
closure patterns  [14] .
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 Abstract 

  Objectives:  This study investigates whether a change in 
speaking voice focus affects the oral-nasal balance. The in-
vestigation was undertaken with different phonetic materi-
als in speakers of Brazilian Portuguese, which features pho-
nological and phonetic vowel nasalization.  Methods:  Ten 
females read oral, balanced oral-nasal, and nasal loaded sen-
tences in their normal voice, and with a backward focus and 
a forward focus. Nasalance scores were collected with a Na-
someter 6400.  Results:  A repeated measures ANOVA of the 
nasalance scores demonstrated a significant main effect of 
speaking condition ( F (2, 18) = 12.87,  p  < 0.001). The mean 
nasalance scores across the stimuli in the backward focus 
and normal speaking conditions were 36.85% (SD 16.85) and 
40.18% (SD 18.02), respectively, both significantly lower 
than the forward focus condition at 45.38% (SD 18.90).  Con-

clusion:  The results demonstrated that speaking focus influ-
ences oral-nasal balance in normal speakers. In future re-
search, it should be investigated whether voice focus can 
also modify oral-nasal balance in hypernasal speakers with 
cleft palate and other disorders.  © 2016 S. Karger AG, Basel 
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  If there is velopharyngeal dysfunction related to a 
structural or neurological disorder, the velopharyngeal 
mechanism may not close properly, leading to hyperna-
sality. In hypernasal speech, too much air and sound are 
emitted through the nose, affecting intelligibility and ac-
ceptability of speech  [15] . Velopharyngeal movement is 
difficult to influence voluntarily because the velopharyn-
geal sphincter offers no proprioception  [16] . This poses a 
challenge for behavioral speech therapy in patients with 
hypernasality. As a result, speech-language pathologists 
often refer patients with more than mild hypernasality for 
further surgical management with a pharyngeal flap sur-
gery or for prosthodontic management with a speech 
bulb or palatal lift prosthesis  [17] .

  Precisely because speakers have little voluntary or pro-
prioceptive control over the state of their velopharyngeal 
closure mechanism  [18] , it is of interest whether global 
vocal tract adjustments such as voice focus can change 
oral-nasal balance. If consistent changes could be demon-
strated, this could potentially open up new possibilities 
for speech therapy interventions for selected patients 
with hypernasality. This could be helpful for patients with 
mild degrees of hypernasality as well as patients learning 
to use a new pharyngeal flap or speech prosthesis. Based 
on a study involving computer modeling, Rong and
Kuehn  [19]  speculated that an expanded pharynx and a 
more anterior tongue position would improve the oral-na-
sal balance and the perception of hypernasality for the vow-
el /i/. Conversely, Bressmann et al.  [20]  described a speaker 
who reduced her hypernasality and her nasalance scores by 
adopting a forward focus (raised larynx and narrowed 
pharynx). The authors speculated that a narrowing of the 
pharynx may have facilitated velopharyngeal closure.

  In a previous study  [21] , 16 normal female speakers 
produced 6 test sentences without nasal sounds and 1 test 
sentence loaded with nasal sounds. The speakers pro-
duced the stimuli with their normal voice and with a 
backward focus and a forward focus. Audio-recordings 
and nasometry measurements  [21]  were made. Based on 
a perceptual evaluation, which was corroborated with 
long-term average spectra, 9 of the participants were able 
to complete the task successfully. A repeated measures 
ANOVA demonstrated that nasalance scores were influ-
enced by the stimulus type (oral vs. nasal stimuli) which 
was expected. A follow-up ANOVA found a condition 
effect for the nasal stimulus only, showing that nasalance 
scores of the backward focus were lower and those of the 
forward focus were higher than in the normal condition. 
This indicated that the selection of test sentences was not 
ideal because the effect of the voice focus appeared to be 

most pronounced on the stimulus including nasal speech 
sounds. It could be argued that a speaker opens his or her 
velopharyngeal sphincter intermittently for a nasal sen-
tence. Therefore, a change in voice focus can affect the 
distribution of sound between the oral and the nasal cav-
ities during these opening gestures. However, the velo-
pharyngeal sphincter remains closed for the whole dura-
tion of an oral stimulus, so a forward or backward voice 
focus would only affect transpalatal resonances.

  The goal of the present study was to expand on the 
previous research  [21] . In particular, we were interested 
in including more stimuli loaded with nasal sounds as 
well as with a balanced content of oral and nasal sounds. 
We also decided to direct the investigation to a different 
language, namely, Brazilian Portuguese. Brazilian Portu-
guese is characterized by both phonetic and phonological 
vowel nasalization. While English vowels tend to be na-
salized only by assimilation (they are adjacent to a nasal 
phoneme), Brazilian Portuguese vowels can be nasalized 
by assimilation in words such as ‘‘janela’’ [ʒɐ̃´nɛlɐ] (win-
dow) and ‘‘caneta’’ [kɐ̃´netɐ] (pen) as well as in otherwise 
oral phoneme sequences in words such as ‘‘lã’’ [´lɐ̃] (wool) 
and ‘‘pão’’ [´pɐ̃w] (bread)  [22] . If oral-nasal balance were 
influenced by voice focus, this effect should be particu-
larly pronounced in Brazilian Portuguese. Based on the 
findings of the previous study and the model predictions 
by Rong and Kuehn  [19] , the first hypothesis was that the 
forward focus condition would yield higher nasalance 
scores than the normal speaking condition. The second 
hypothesis was that the backward focus condition would 
yield lower nasalance scores than the normal speaking 
condition.

  Apart from the research hypotheses, it was expected, 
based on normative nasalance values, that nasal stimuli 
would have higher scores than balanced stimuli, which in 
turn would have higher scores than oral stimuli  [11] . Na-
salance scores were expected to be consistent across rep-
etitions.

  Methods 

 Participants 
 Ten female participants with a mean age of 22 years and 6 

months (SD 1.38) were recruited from the student population of 
the Fonoaudiologia program at the Universidade Estadual Pau-
lista ‘‘Júlio de Mesquita Filho’’ in Marília, SP, Brazil. According to 
their self-report, the speakers had normal hearing, no history of 
hyper- or hyponasality, and no nasal congestion at the time of data 
collection. The absence of voice and speech disorders was verified 
perceptually by 3 experienced speech-language pathologists 
(V.C.C.M., L.C.B., E.M.G.F.). All participants spoke Brazilian Por-
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tuguese with the accent common to Western São Paulo State. The 
research procedures were reviewed and approved by the Research 
Ethics Board at the UNESP Marília. 

  Participant sample size was determined based on previous re-
search  [21, 23] . Assuming a mean nasalance score of 49% (SD 5) 
for the nasal loaded passage  O nenê  in the normal speaking condi-
tion and a score of 54% (SD 5) for the forward focus, we deter-
mined a minimum sample size of 8 to achieve a power of 0.8 and 
an alpha of  p  = 0.05 (one-sided). Therefore, a group of 10 speakers 
appeared sufficient for the purposes of the present study. 

  Participant Training 
 All recordings were made by the second, third, and fourth au-

thors. They demonstrated forward focus and backward focus and 
explained the concept of vocal tract settings. Particular attention 
was paid to constant speaking pitch in the different conditions. To 
achieve a forward focus, the participants were instructed to bring 
their tongue forward, raise their larynx, and narrow the pharynx. 
The backward focus required the participants to retract their 
tongue, lower the larynx, and widen the pharynx, which was dem-
onstrated and facilitated with a yawn-sigh  [2, 4] . The participants 
were provided an opportunity to practice. The data collection be-
gan once the second, third, and fourth authors (V.C.C.M., L.C.B., 
E.M.G.F.) found that the voice focus was being produced correctly.

  Stimuli 
 The stimuli consisted of 3 sentences without nasal sounds, 3 

sentences with a balanced content of oral and nasal sounds, and 3 
sentences loaded with nasal consonants (see Appendix). The sen-
tences were shorter versions of stimuli designed for the purpose of 
clinical nasalance assessment of oral-nasal balance in Brazilian 
Portuguese. Seven of these sentences were taken from stimuli de-
signed by the second author (V.C.C.M.)  [23]  and the remaining 2 
sentences were from Trindade et al.  [24] . The shortened stimuli 
were used to make the task more manageable for the participants. 
The minimum length of stimuli for reliable nasalance assessment 
has been estimated to be 6 syllables  [25] . In clinical practice, high-
er than normative scores for oral stimuli (without nasal sounds) 
suggests hypernasality, while lower than normative scores for nasal 

loaded stimuli suggests hyponasality. For nasometric assessment, 
phonetically balanced stimuli are of limited use. However, they are 
a good indicator of oral-nasal balance in the speaker’s normal day-
to-day connected speech. Therefore, balanced stimuli with oral 
and nasal sounds were also included in the present study. 

  All 9 stimuli were shown to the participants on a computer 
screen presented at eye-level for easy reading. The order of the 
stimuli was randomized, and they were read 3 times for each 
speaking condition. The participants were asked to read the stim-
uli in the normal condition first. The order of the two remaining 
conditions (forward and backward focus) was randomized. If a 
participant made an error on a stimulus, they were asked to read it 
again.  

 Recording Procedures 
 All recordings took place in a sound-treated speech laboratory 

at the UNESP Marília. The participants were seated with their head 
in an ultrasound transducer stabilizer (Probe Stabilization Head-
set; Articulate Instruments, Edinburgh, UK). The separation plate 
of the headset of the Nasometer 6400 (Kay Pentax, Montvale, NJ, 
USA) was attached to a custom holder and placed on the speaker’s 
prolabium. The nasometer was calibrated according to the manu-
facturer instructions on each day of recording. The nasalance 
sound recordings for each condition were saved to hard disk and 
measured after the session. The mean nasalance scores for the dif-
ferent test items were recorded.

  During the recording, the ultrasound probe was held in a con-
stant position under the participant’s chin. The video-feed of the 
participants’ midsagittal tongue was recorded using the Advanced 
Articulate Assistant hardware and software package (Articulate 
Instruments, Edinburgh, UK). During the live recording, the ul-
trasound videos served to confirm that the tongue was being held 
in a protruded (forward focus) or retracted (backward focus) posi-
tion. For the purposes of the present study, no measurement of the 
ultrasound recordings was undertaken. 

  Data Analysis 
 Statistical analyses were completed using NCSS version 8.0 

(NCSS, Kaysville, UT, USA). The nasalance scores were analyzed 

 Table 1.  Mean nasalance scores of 3 repetitions of 9 stimuli in 3 conditions (n = 10)

Stimuli Average nasalance  Nasalance by condition

nor mal forward backward

Oral 1 (Dudu) 17.84 (7.51) 16.83 (4.92) 21.43 (10.03) 14.96 (4.75)a

Oral 2 (Gostou) 18.67 (9.15) 18.10 (6.60) 23.53 (11.42) 14.37 (6.26)
Oral 3 (Viu) 15.54 (8.04) 14.33 (4.63) 18.93 (11.43) 13.37 (5.29)

Balanced 1 (Arruma) 43.31 (8.34) 41.83 (5.67) 49.33 (8.60) 38.77 (6.82)
Balanced 2 (O cachorro) 38.62 (6.18) 39.07 (3.95) 42.03 (6.67) 34.77 (5.43)
Balanced 3 (Flavinho) 35.39 (7.08) 32.77 (5.21) 40.10 (7.61) 33.30 (5.87)

Nasal 1 (Miriam) 50.29 (8.24) 48.77 (6.09) 55.50 (9.68) 46.60 (5.75)
Nasal 2 (Monica) 63.98 (7.18) 64.70 (5.22) 68.10 (7.03) 59.13 (6.26)
Nasal 3 (O nene) 60.60 (7.44) 61.83 (5.63) 65.47 (5.61) 54.50 (6.50)

a n = 9, in Oral 1 in backward focus.
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with repeated measures ANOVAs. Where Mauchly’s test statistic 
was significant, the Greenhouse-Geisser adjustment was used. 
Post hoc testing was carried out with Bonferroni tests. The  p  value 
for significance was 0.05.

  Results 

 Due to a technical error, the nasalance scores of 1 par-
ticipant for 1 of the oral sentences  (Dudu)  were missing. 
Below, the descriptive results include all available data 
while the inferential statistics were based on the remain-
ing 8 sentences with complete data for all participants. 
 Table 1  shows the mean nasalance scores for the stimuli 
by speaking condition as well as averaged across speaking 
conditions. The box plots in  Figure 1  illustrate the find-
ings for the 3 types of stimuli in the 3 speaking conditions. 
Based on visual inspection, the scores from the forward 
condition appeared higher and the scores from the back-
ward condition appeared lower than the normal speaking 
condition. 

  A three-way repeated measures ANOVA of the na-
salance scores was run for 3 repetitions of the 8 stimuli 
across the 3 speaking conditions. There were significant 

main effects for stimuli  F (9, 63) = 240.29,  p  < 0.0001, and 
speaking condition  F (2, 18) = 12.87,  p  = 0.0021, but not 
for repetition  F (1, 9) = 0.48,  p  = 0.6263. There were no 
interaction effects.

  Across conditions and repetitions, post hoc Bonfer-
roni all-pairwise multiple comparison tests indicated that 
the stimuli within each oral-nasal balance category (oral, 
balanced, nasal) were significantly different from the 
stimuli of the other oral-nasal balance categories. In ad-
dition, balanced sentence 3  (Flavinho)  was significantly 
lower than balanced sentence 1  (Arruma) , and nasal sen-
tence 1  (Miriam)  was significantly lower than both nasal 
sentence 2  (Monica)  and nasal sentence 3  (O nene)  (all
 p  < 0.05). 

  Across stimuli and repetitions, the post hoc Bonfer-
roni all-pairwise multiple comparison test found that the 
backward focus and normal focus conditions generated 
the lowest mean nasalance scores of 38.85% (SD 16.85) 
and 40.18% (SD 18.02), respectively, while the forward 
focus had the highest mean nasalance score of 45.38% (SD 
18.90). The backward and normal conditions were both 
significantly different from the forward condition but not 
from each other (all  p  < 0.05). 
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  Discussion 

 The current study expanded a previous investigation 
of the effect of voice focus on oral-nasal balance  [21] . The 
study was guided by 2 hypotheses. The first hypothesis 
stated that the forward focus condition would yield high-
er nasalance scores than the normal speaking condition. 
This hypothesis was confirmed for all 3 sets of stimuli 
(oral, balanced, and nasal).

  The second hypothesis stated that the backward focus 
condition would yield lower nasalance scores than the 
normal speaking condition. This hypothesis was not con-
firmed. The post hoc tests for the repeated measures 
ANOVA indicated the difference between the normal 
and the backward focus speaking conditions but did not 
reach a  p  value of 0.05. However, the mean nasalance val-
ues of the stimuli for the backward focus speaking condi-
tion were numerically lower. To determine the  p  value of 
the difference between the normal and backward focus 
speaking conditions, a separate  t  test was run. It suggest-
ed a trend towards significance ( p  < 0.07). It is possible 
that this difference would have been significant in a larg-
er group of speakers. 

  As expected, there was a stimulus effect whereby nasal 
stimuli had higher scores than balanced stimuli, which in 
turn had higher scores than oral stimuli. Marino et al.  [23]  
provided normative nasalance scores by age and gender. 
The data from the current study could therefore be com-
pared to the normative data for young adult females. In 
the normal condition, the mean nasalance scores for the 
oral stimuli ranged from 14.33% (SD 4.63) to 18.10% (SD 
6.60). This was slightly higher than the normative score 
of 14.04% (SD 3.82) reported for a comparable oral pas-
sage  [23] . The mean scores for the balanced oral-nasal 
stimuli ranged from 32.77% (SD 5.21) to 41.83% (SD 
5.67) which was greater than the reported normative 
mean of 26.90% (SD 4.00) for a balanced oral-nasal stim-
ulus  [23] . The nasal stimuli means ranged from 48.77% 
(SD 6.09) to 64.70% (SD 5.22), which were higher than 
the normative mean nasalance score of 49.37% (SD 4.69) 
reported for a nasal stimulus. The differences can possibly 
be attributed in part to differences in the sentence stimu-
li, which were used in shortened versions in the present 
study. It has also been noted that the nasalance group 
means show some intrinsic variation between studies and 
even within speakers  [26, 27] . While the nasalance values 
measured in the present study appeared higher than the 
suggested norms, it is unlikely that this difference would 
have affected the quality of the results. Within the repeat-
ed measures design, the participants’ nasalance values in 

the normal speaking condition served as their own con-
trol condition for the comparison with the forward and 
backward speaking conditions. The results of the ANO-
VA suggested that the changes in nasalance based on the 
speaking condition were consistent across speakers.

  The participants of this study and those of the previous 
pilot study were all female. Although males have larger 
vocal tracts than females, the differences in nasalance 
scores are not always significant  [21, 24, 27–30] . When 
significant differences are found by gender, they tend to 
be small and not clinically meaningful  [23, 32–36] . Nev-
ertheless, more research will be needed to confirm the 
observed effect for male speakers. 

  The results expanded the previous findings from a 
group of Canadian English speakers  [21]  to participants 
speaking Brazilian Portuguese. An important improve-
ment of the current study was the inclusion of speech 
stimuli with a balanced phonetic content. Nasalance test-
ing of clinical speakers usually focuses on oral and na-
sally loaded stimuli, which represent phonetic extremes. 
However, normal connected speech has a more balanced 
phonetic content. Therefore, the oral-nasal balance re-
quirements of conversational speech are more accurately 
represented by the balanced stimuli. 

  In the previous study  [21] , the success of the speakers 
in moving their speaking focus forward or backward was 
analyzed using long-term average spectra (LTAS), which 
demonstrated an upward or downward movement, re-
spectively, of the first spectral peak, similar to the spectral 
changes described by Sundberg and Nordström  [3]  for a 
single trained singer. In the present study, the speakers’ 
productions were not analyzed with LTAS. The partici-
pants all had training in phonetics and vocal tract anato-
my. In addition, their productions were verified percep-
tually by the 3 experienced speech-language pathologists 
carrying out the experiment. Since the changes in na-
salance values were consistent across the participants for 
the different speaking conditions, no additional external 
validation was undertaken. In future research, it would be 
interesting to investigate the acoustic consequences of 
changes of the speaking focus in more detail.

  These limitations notwithstanding, the present study 
successfully corroborated the findings from the pilot 
study  [21] . The findings confirmed that voice focus can 
affect oral-nasal balance, especially in speech stimuli that 
are balanced or loaded with nasal sounds. The effect has 
now been shown in 2 languages, 1 with and 1 without 
phonological vowel nasalization. Future studies are need-
ed to explore the effect of voice focus in other languages, 
as well as to verify that a similar effect is observed in male 
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speakers. In a next step, it will be of interest to explore the 
extent to which speaking focus adjustments could be used 
to improve the oral-nasal balance of hypernasal speakers 
with cleft palate. Based on the findings from this study as 
well as the previous study  [21]  and a computer model 
 [19] , it would be expected that the backward speaking fo-
cus should reduce nasalance scores and perceived hyper-
nasality. It remains to be seen whether it is possible for 
hypernasal speakers with cleft palate to use speaking fo-
cus adjustments to achieve changes in oral-nasal balance 
that would be measurable and perceptually relevant.

Appendix

 Speech stimuli based on Marino et al.  [23]  and Trindade et al. 
 [24]  (indicated with  * ).

  Oral 
 Dudu visitou o bosque.
  Viu o pulo do sapo.
  Gostou do peixe.

  Balanced 
 O cachorro do Nino.
  Arruma seu bercinho.
  Flavinho chamou o João. * 
  Nasal 
 Monica mima o nenê.
  Miriam lambeu o limão. * 
  O nene mama. 
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