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ABSTRACT

Background: Normative nasalance values need to be updated frequently to 
account for dialectal, regional, and linguistic variations across populations. Regular 
updates ensure the data remains relevant and accurate for clinical assessment and 
diagnosis.

Objectives: The primary objective of the current study was to establish normative 
nasalance for adults who are native speakers of Malayalam and Kannada using the 
NasalView system. Furthermore, this study aimed to investigate the influence of 
language, gender, and stimuli on the nasalance scores.

Materials and methods: The study recruited 80 native Malayalam-speaking adults 
(40 males and 40 females) and 80 native Kannada-speaking adults (40 males and 
40 females) between 18 to 24 years of age. The nasalance score were obtained 
with the NasalView system while the participants phonated vowels /a/, /i/, and 
/u/. Three trials were conducted for each vowel. The obtained data were tabulated 
for further analysis.

Results: The study revealed significant differences in nasalance values for the vowels 
/i/ and /u/ between genders and across languages, but not for /a/. The results 
further revealed that /i/ had the highest nasalance, followed by by/u/ and /a/. 
Nasalance was significantly different between /i/ and /a/ and between /i/ and /u/ 
but not between /u/ and /a/.  

Conclusion: The study has been able to establish nasalance normative for two major  
Dravidian languages of India that can be used for the clinical diagnosis and  
management of resonance disorders. Further, it sheds light on the impact of nasalance 
in geographically diverse multilingual situations.
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Introduction 
	 The velopharyngeal (VP) port controls nasality and 
supports clear speech. Its function is commonly evaluated 
perceptually using rating scales for hypernasality and 
hyponasality.1 Perceptual assessment of VP function is 
often supported by objective measures, most commonly 
by NasometerTM (Kay Elemetrics, Lincoln Park, NJ, USA)2 
and NasalViewTM (Tiger Electronics, Seattle, WA, USA), 
developed by Awan.3 Both instruments assess nasalance 
by measuring nasal and oral sound energy. The formula for 
nasalance is as follows: nasalance = (nasal energy / [(nasal 
energy + oral energy)] × 100. This equation provides the 
percentage of nasal acoustic energy in relation to the total 
acoustic energy radiating in the nasal and oral cavities.4,5 
Though both instruments measure nasalance, their values 
aren’t directly comparable due to differences in hardware, 
software, and filter settings.6 
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	 Nasalance estimations using either of these 
instruments have been documented for a few languages 
spoken in India, such as Kannada, Hindi, and Tamil.7-13 
However, only a limited number of studies have reported 
normative data for nasalance, with most of these 
publications being nearly a decade old.9-12, 14 Most of these 
studies used a Nasometer for nasalance measurement. 
Normative data thus established vary, with some studies 
focussing on children and others on adults, making its 
interpretation and application challenging.
	 Although Nasometer and NasalView are the most 
commonly used instruments currently for nasalance 
measurement, however both differ in their signal 
processing algorithms, which may account for differences 
in nasalance scores. The Nasometer employs a bandpass 
filter centered around 500 Hz, analyzing a limited portion 
of the speech spectrum, whereas the NasalView system 
analyzes the full frequency range without such filtering.15 
These methodological differences, along with variations in 
software resolution, affect the sensitivity and comparability 
of measurements across devices, reinforcing the need for 
device-specific normative data.
	 The NasalView system is gaining recognition as a 
cost-effective, reliable tool for measuring nasalance, with 
unique filters setting it apart from the Nasometer. While 
its affordability supports wider clinical use in India, most 
existing norms are based on Nasometer data. The lack 
of normative values for Indian languages in NasalView 
limits accurate interpretation. There is a pressing need to 
establish nasalance norms for different Indian languages. 
Existing values, mainly derived using the Nasometer nearly 
a decade ago, cannot be directly applied to NasalView data 
due to system differences. Nasalance measures are vital for 
diagnosing velopharyngeal dysfunction in individuals with 
cleft, craniofacial anomalies, dysarthria, and hearing loss. 
Hence, developing normative scores using the NasalView 
system is essential to improve diagnostic and treatment 
outcomes. This study aimed to establish language- and 
gender-specific nasalance norms for native Malayalam 
and Kannada speakers aged 18-24, and to compare values 
across languages, genders, and vowels.

Materials and methods
	 The study was initiated after obtaining ethical 
approval from the Institutional Ethics Committee (Ref. No. 
EC/NEW/INST/2022/KA/0174), and all procedures were 
conducted in accordance with the principles outlined in 
the Declaration of Helsinki. A total of 160 participants 
were included; 80 native Malayalam speakers (40 males, 
40 females) and 80 native Kannada speakers (40 males, 
40 females), aged between 18 and 24 years. Participants 
were recruited through convenience sampling from a 
multi-specialty hospital in India between September 
2023 and June 2024. All participants were neurotypical 
and anatomically typical individuals within the specified 
age range. Informed consent was obtained prior to 
participation. Individuals with a history of oral-pharyngeal 
or craniofacial surgeries, recent respiratory infections, or 
syndromic conditions such as hearing loss or cognitive 
deficits were excluded from the study.

Nasometry procedure
Nasalance was measured using NasalView system v1.2 
(DRS Inc.) installed on a personal computer equipped with 
an Intel Pentium IV processor and a PCI-28 sound card. 
Recordings took place in a sound-treated room at a 22.05 
kHz sampling rate and 44,100 Hz frequency. Participants 
were seated upright, and the NasalView headgear was 
fitted as per guidelines. Following hygiene protocols, 
participants sustained vowels /a/, /i/, and /u/ at habitual 
pitch and loudness for as long as possible, with three 
trials per vowel. The mid, stable 5-second segment from 
each trial was analyzed, and mean nasalance values were 
calculated. This process was repeated for all vowels. Final 
data were analyzed using SPSS version 25.16

Results
	 Descriptive statistics were computed for the data, 
as shown in Table 1. Across both genders and languages, 
the vowel /i/ exhibited the highest mean nasalance 
value. The nasalance values for /a/ were similar to those 
of /u/, a pattern consistent across both male and female 
participants and across native speakers of Malayalam and 
Kannada.

Table 1. Mean (and SD) of Nasalance scores (%) for vowels /a/, /i/, and /u/ by language and gender.

Languages Gender N
Age (years) Nasalance /a/ Nasalance /i/ Nasalance /u/
Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Malayalam
Female 40 21.77 (2.52) 26.00 (6.77) 42.10 (7.55) 28.51 (6.16)
Male 40 22.63 (1.75) 26.36 (7.34) 35.16 (5.38) 25.75 (4.10)

Kannada
Female 40 22.78 (1.23) 26.45 (6.10) 38.81 (6.55) 25.88 (3.27)
Male 40 23.54 (1.07) 24.02 (4.99) 31.72 (5.86) 24.63 (4.73)

	 Subsequently, the Shapiro-Wilk test was used to 
assess the normality of the data, which indicated that 
the data did not follow a normal distribution (p<0.05). 
Therefore, the Mann-Whitney U test was used for pairwise 
comparisons of nasalance values across languages and 

genders. The results are presented in Table 2. As shown 
in Table 2, the analysis revealed significant differences in 
the nasalance values for the vowels /i/ and /u/ between 
genders and across languages but not for vowel /a/.
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Table 3. Mean ranks of nasalance values for vowels /a/, /i/, and /u/ based on Friedman test.

Mean rank N 160
Nasalance 1.49 Chi-Square 208.838
Nasalance 2.93 Df 2
Nasalance 1.58 Asymp Sig. 0.000

Note: The Friedman test revealed a statistically significant difference in Nasalance values across vowels, 
χ²(2)=208.838, p<0.001. Higher mean rank indicates higher Nasalance.

Table 2. Results of Mann-Whitney U tests comparing nasalance scores across gender and 
language (Significant values are indicated with asterisks).
Comparison Vowel p value
Gender /a/ 0.141

/i/ 0.000**
/u/ 0.004*

Language /a/ 0.610
/i/ 0.005*
/u/ 0.038*

Note: Significant values are indicated with asterisks).*statistically significant at p<0.05; **statistically 
highly significant at p<0.001.

	 To examine the rank order of nasalance values for 
the vowels, a Friedman test was conducted. The analysis 
revealed that the vowel /i/ had the highest mean rank 
(2.93), vowel /u/ had the second highest mean rank (1.58), 

and vowel /a/ had the lowest mean rank (1.49) as shown 
in Table 3. A significant difference in nasalance values was 
observed among the three vowels (/a/, /i/, and /u/), with 
p<0.001.

	 The Wilcoxon Signed-Rank test was used as a post 
hoc analysis following the Friedman test to maintain 
statistical rationale and clarity. The Wilcoxon Signed-
Rank Test revealed a statistically significant difference in 
nasalance between the vowels /i/ and /a/ (p<0.05), as well 
as between /i/ and /u/ (p<0.05). In contrast, no significant 
difference was found between the nasalance values of /u/ 
and / a/ (p > 0.05).

Discussion 
	 India is a highly multilingual nation, comprising 
22 scheduled languages and approximately 100 non-
scheduled languages, including English. These 22 
scheduled languages collectively encompass 243 distinct 
languages, while languages spoken by fewer than 10,000 
individuals are not included in this enumeration.17 
Although Hindi accounts for a significant proportion of 
speakers (41.03%), Dravidian languages such as Kannada 
and Malayalam—each spoken by around 3-4% of the 
population—exhibit unique phonological characteristics 
of both linguistic and clinical importance. Despite their 
relevance, these languages remain underrepresented 
in nasalance research using standardized tools such as 
the NasalView system. The inclusion of Kannada and 
Malayalam in the present study helps fill a critical gap 
by generating normative nasalance data for linguistically 
diverse, yet underrepresented, Indian languages. Many 
languages within India’s multilingual framework possess 
rich oral traditions that warrant focused empirical inquiry. 
By contributing data from two distinct Dravidian languages, 

this study offers a stepping stone for future nasometric 
research to encompass a wider range of Indian languages, 
supported by evolving speech assessment technologies.

Influence of stimuli and instrument
	 The current study established language- and gender- 
specific nasalance norms for native Malayalam and 
Kannada speakers aged 18-24 using the NasalView system. 
Comparison across languages, genders, and vowels 
showed significant differences for /i/ and /u/, but not 
for /a/. These results differ from the previous studies, 
who found language- and gender-based differences using 
different stimuli and the Nasometer by Kay Elemetrics.8,14 
One study reported higher nasalance in Malayalam 
speakers, while the other found gender differences using 
word and sentence stimuli.8,14 The variation noted between 
the current and these previous studies can be due to 
differences in both stimuli and instruments used by them. 
The two instruments i.e., Nasometer and NasalView, differ 
in their signal processing algorithms, filter settings, and 
calibration procedures, which can impact the magnitude 
and sensitivity of nasalance measurements. Hence, 
instrument-related variability is likely a major contributor 
when comparing results across studies using different 
systems.15

	 The absence of gender differences for the stimuli /a/ 
in the current study may also be attributed to instrumental 
variations. Unlike earlier studies that used the Nasometer, 
this study employed the NasalView, which differs in filter 
settings and analytical algorithms. These hardware and 
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software differences could influence the detection of 
gender-based variations in nasalance.
	 Moreover, physiological variables—such as shorter 
vocal tract length in females, differences in fundamental 
frequency (F₀), and nasal airflow patterns—as well as 
methodological factors like stimulus type, number of 
repetitions, and experimental context, have all been 
shown to influence the sensitivity to gender-related 
differences in nasalance.18-20 Additionally, instrumental 
settings, particularly differences in microphone sensitivity, 
filter algorithms, and calibration between devices like 
the NasalView and Nasometer, may affect nasalance 
measurement outcomes.1,15 
	 In the present study, although gender differences 
emerged clearly for high vowels /i/ and /u/, no significant 
gender effect was observed for the low vowel /a/. This 
null result may be attributed to the open articulation 
and lower inherent vowel height of /a/, which leads 
to less oral constriction and more stable resonance, 
making it potentially less sensitive to subtle variations in 
velopharyngeal activity.21 Furthermore, the NasalView 
system may be less sensitive in detecting such small 
differences compared to the Nasometer, especially for 
acoustically simpler vowels like /a/.1,15 
	 Interestingly, despite Malayalam being nasal-
dominant, it did not significantly affect the nasalance 
of /a/. Further, no measurable difference was found 
between Kannada and Malayalam speakers for this 
vowel. This finding stands in contrast to that of Girish 
and colleagues who reported differing nasalance values 
using the Nasometer.21 In the present study, we propose 
that the lack of significant variation for the vowel /a/ may 
be influenced by India’s unique sociolinguistic context—
particularly macro-level multilingualism and individual-
level (micro) multilingual experiences, which are further 
discussed in the following paragraphs.

Influence of India’s macro-level multilingualism
	 India’s multilingual landscape is globally unique 
and unparalleled. The Constitution of India recognizes 22 
Scheduled Languages, reflecting the nation’s rich linguistic 
diversity. According to the Indian Census of 2001, Kannada 
is the native language of 3.69% of India’s population, 
while Malayalam is spoken by 3.21%.17,22 Among Kannada 
speakers, 28.44% are bilingual, and 12.15% are trilingual, 
whereas 28.75% of Malayalam speakers are bilingual, and 
16.60% are trilingual. A common trend among multilingual 
speakers of Kannada and Malayalam is the preference for 
English and Hindi as additional languages. Studies show 
English is often the first choice, followed by Hindi.17 
	 Participants were primarily university students from 
English-medium schools, and Hindi was typically acquired 
through formal education or media exposure. Additionally, 
India’s multilingual environment likely facilitated informal 
acquisition of other regional languages through family, 
social interactions, and media. This broad language 
exposure may reflect macro-level multilingualism, where 
multiple languages subtly influence each other. In this 
context, it is possible that the native language exerted 

a limited effect on the nasalance of /a/. These findings 
may be consistent with earlier research suggesting that 
multilingualism can influence aspects of a speaker’s 
native language, including phonetic and prosodic features 
such as nasalance.23,24 Thus, we hypothesize that India’s 
macro-level multilingualism could have influenced vowel 
nasalance in our participants, highlighting the fluid and 
dynamic nature of speech production in a multilingual 
society.

Influence of India’s micro-level multilingualism
	 Beyond national-level multilingualism, India’s micro-
level multilingualism may also explain the lack of nasalance 
differences for /a/ between Kannada and Malayalam 
speakers. The study was conducted in Mangalore, a 
linguistically diverse border city where multiple languages 
coexist. Daily exposure to Kannada, Malayalam, Tulu, 
Konkani, Byari, Hindi, and English fosters constant 
language switching across contexts—work, home, and 
social settings.
	 Such multilingual immersion promotes linguistic 
adaptation, influencing diction, prosody, and resonance. 
This ongoing interplay shapes phonetic planning 
and execution, affecting vocal tract resonance and, 
consequently, nasalance. In this study, /a/ showed 
similar nasalance across groups, likely due to its simple 
articulation. Vowels like /i/ and /u/, which demand more 
articulatory precision, may be less sensitive to linguistic 
influence, accounting for their observed variability. Thus, 
the local multilingual environment significantly impacts 
speech production and nasalance.

Limitations
	 One limitation of the present study is the use of 
only three vowels as stimuli. This approach was chosen 
to obtain nasalance measures from acoustically stable 
and coarticulation-free speech samples. While vowels are 
commonly used in nasometric evaluations due to their 
sustained nature and ability to reflect oral-nasal resonance 
more clearly, this limits the generalizability of findings to 
more complex speech. The study did not include words, 
sentences, or paragraphs, as standardized and validated 
linguistic materials in Kannada and Malayalam are currently 
unavailable. As a result, the absence of speech segments 
containing voiced consonants or connected speech may 
have restricted the ability to fully capture nasalance 
characteristics in more naturalistic speaking contexts. 
Larger sample sizes and detailed language background 
profiling in future studies may help strengthen the validity 
and clarity of the results. 

Conclusion
	 The study establishes normative nasalance values for 
vowels /a/, /i/, and /u/ in native Malayalam and Kannada 
speakers across genders. Unlike previous studies, /a/ 
showed no significant variation by language or gender, 
while /i/ and /u/ did. These results highlight that nasalance 
is shaped by more than anatomy or equipment—it’s also 
shaped by linguistic context. Factors like multilingual 
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exposure, gender, instrument used, and stimulus type all 
play a role. Hence, clinicians should adopt an individualized 
approach that considers a speaker’s linguistic and 
environmental background for accurate diagnosis.
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