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Perceptual and instrumental analysis of 
hypernasality in children with repaired cleft 
palate
Henna Raunak Seth Tak, Aarti Pushkar Waknis, Sneha Prakash Kulkarni1

INTRODUCTION

Hypernasality is most commonly associated with the 
speech of individuals with cleft palate with/without 
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ABSTRACT

Context: Hypernasality is a frequently encountered 
problem in the speech of individuals with cleft 
palate with/without cleft lip (CP ± L). Aims: The 
aim of the present study was to explore the 
relation between perceptual and instrumental 
analysis of hypernasality in children with repaired 
CP ± L. Settings and Design: Comparative. 
Subjects and Methods: Children were divided into 
two groups. Group I included of 30 children operated 
for CP ± L and Group II included children in the age 
group of 4 -11 years in the age range of 4–11 years 
were included in the study. Specially constructed oral 
sentences in Marathi were used for the perceptual and 
instrumental analysis of speech. In addition, a number 
counting task and picture description was recorded 
for perceptual assessment. Nasal view Dr. Speech 
“Version 4 was used for instrumental assessment. 
Perceptual assessment for hypernasality was carried 
out by listening to the prerecorded speech samples 
by two experienced speech language pathologists. 
Statistical Analysis Used: Kappa coefficient, 
Pearson’s product moment correlation. Results: The 
results of the study indicated a strong relationship 
between perceptual rating of nasality and nasalance 
scores for oral sentences. Conclusions: Nasal view 
was able to distinguish between normal resonance 
and hypernasality in speech of children with CP ± L.
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cleft lip (CP ± L). It is considered as their signature 
characteristic. Hypernasality is perceived when there 
is an increase in the nasal resonance which is caused 
due to coupling of oral and nasal cavities either due to 
cleft of palate which is unoperated, fistula which may 
be either anterior or posterior in postoperative palate 
or due to velopharyngeal dysfunction. Perceptual 
assessment is the most common and frequently used 
assessment tool in clinical setup for the evaluation of 
hypernasality. It is considered as the “Gold standard” 
against which instrumental measures are evaluated.[1] 
Perceptual assessment can be done live or may include 
audio and/or video recording of the speech samples of 
the individuals. Equally appearing interval scales are 
most commonly used in clinical settings.

Controversial findings have been reported in the 
literature regarding the intra‑ as well as inter‑tester 
reliability of perceptual assessment; with some studies 
indicating low inter and intra rater reliability;[2‑5] 
whereas others indicating better reliability.[6‑11] The 
reliability may be influenced by a number of factors; 
most important being the training and experience of 
the rater. Thus, instruments were developed to quantify 
the measurement of nasality. The two instruments 
commonly used are the Nasometer (Kay Elemetrics) 
and nasal view of “Dr. Speech” (Tiger DRS).

In India, instrumental assessment in spite of being 
“objective” is not as frequently used as the perceptual 
assessment due to its nonavailability in clinical 
settings, monetary constraints, and higher level of 
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patient co‑operation required, especially for children. 
It is predominantly used for research purpose and only 
sometimes clinically for supplementing the perceptual 
assessments especially for surgical decision making. At 
the same time, there is also a dearth of “trained ears” to 
obtain reliable and valid assessment of hypernasality in 
individuals with CP ± L. Although studies have been 
done in India and abroad, no study to author’s current 
knowledge has been conducted using sentence stimuli in 
Marathi language. Hence, there was a need to study the 
correlation between the perceptual rating of hypernasality 
and its instrumental measure (Nasalance score) in 
individuals with repaired CP ± L speaking Marathi.

Aim
The aim of the present study was to explore the relation 
between the perceptual rating of hypernasality with its 
acoustic measure (nasalance) in children with repaired 
CP ± L.

SUBJECTS AND METHODS

Participant selection
The study included 30 children with CP ± L (Group I) 
and 30 typically developing children (Group II) who 
were age‑ and sex‑matched to the children in Group I 
in the age range of 4–11 years. Parental consent was 
obtained for the inclusion of their children in the study.

Group I
Inclusion criteria
•	 Children with operated CP ± L with evidence 

of hypernasality (as judged perceptually by the 
researcher) with/without articulatory errors

•	 Children with language age >36 months (as judged 
informally), i.e., those who could repeat 3–4 word 
sentences for assessment.

Exclusion criteria
•	 Children with evidence of normal resonance, 

hyponasality, mixed nasality or cul‑de‑sac 
resonance (as judged perceptually by the researcher)

•	 Children who had undergone pharyngoplasty
•	 Children with hearing loss more than moderate 

degree (as assessed by pure tone audiometry)
•	 Children with active upper respiratory tract 

infections at the time of data collection
•	 Children with known behavioral, sensory, or motor 

problem or any known syndrome.

Group II (control group)
Inclusion criteria
•	 Typically developing children from regular schools 

with no known speech and language delays or 

disorders who were age‑ and sex‑matched to the 
children of Group I.

Exclusion criteria
•	 Children with known hearing loss
•	 Children with active upper respiratory tract 

infections at the time of data collection
•	 Children with known behavioral, sensory, or motor 

problem.

Participants in Group II were selected by the researcher 
from a Marathi medium standard school. The children 
who fulfilled the inclusion and exclusion criteria for 
Group II were included in the study. Details of the 
participants are presented in Table 1.

Speech sampling
For perceptual assessment
Speech samples for all the participants were recorded 
in a quiet environment by the researcher using SONY 
NWZ‑B152F audio recorder kept at a distance of 6 
inches from the mouth of the speaker. Speech samples 
for perceptual assessment for all the children of both the 
groups were elicited by using the following tasks‑picture 
description, repetition of the pre constructed sentences 
in Marathi (regional language of state of Maharashtra, 
India), which are attached as Appendix 1 and counting 
from 1 to 10, 61–70, and 90–99 in Marathi. The number 
counting task was used to confirm the presence of 
hypernasality and absence of other resonance issues. 
The sentences were especially constructed for the 
assessment of speech of individuals with CP + CL. They 
comprised 8 oral sentences completely devoid of nasal 
consonants. The oral sentences consisted of 4 sentences 
loaded with high‑pressure consonants (p, t ͉, t ̥, and k), 
2 with low‑pressure consonants (l and v), and 2 with 
pressure‑sensitive consonants (s and ∫).

For instrumental assessment
For instrumental assessment, each participant was seated 
comfortably with nasal view “Dr. Speech Version 4” 
head gear placed on the speaker’s head with a sound 
separator. The sound separator had microphone on either 
side for measuring oral and nasal acoustic component in 
the participant’s speech. The nasal view was calibrated 
before recording speech sample of each participant. 
Each participant was asked to repeat the same 8 test 
sentences which were used for perceptual assessment 
after the clinician. Output from each microphone was 
pre‑amplified by the nasal view using a custom made 
dual channel amplification system, from which it was 
fed to the right (nasal) and left (oral) line input channel of 
a Sound Blaster 16. The Sound Blaster16 board allowed 
two channels recording at sample rate up to 44 kHz. Each 
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sentence was then recorded directly in the hard disk and 
then stored to WAV format. The nasal view had an inbuilt 
analysis system for the measurement of Nasalance which 
was displayed on the screen alongside the waveforms. 
The nasalance for each sentence for each participant was 
stored in the recording sheet prepared for the purpose. The 
sentences were recorded in the following order:
•	 Sentences 1–4: Sentences loaded with high‑pressure 

consonants
•	 Sentences  5–6 :  Sentences  loaded  wi th 

pressure‑sensitive consonants
•	 Sentences 7‑8: Sentences loaded with low‑pressure 

consonants.

Assessment of speech samples collected
Perceptual assessment
Two speech language pathologists (SLP) with a minimum 
experience of 5 years in perceptual assessment of cleft 
speech completed the assessments.

Prerecorded speech samples of the individuals of the two 
groups were mixed and randomized and played, under 
headphone condition in a quiet room. The SLPs, rated 
the nasality of the participant independently in two parts:
1. The SLPs analyzed the samples for the presence 

of normal resonance/hypernasality/hyponasality/
mixed nasality/cul‑de‑sac resonance

2. Only the samples identified as having hyper nasality 
were rated on a 5‑point rating scale.

The rating scale which was used in the department for clinical 
purposes was used for the present study. It was as follows:
0‑ Normal resonance
1‑ Minimal hypernasality
2‑ Mild hypernasality
3‑ Moderate hypernasality
4‑ Severe hypernasality.

One sample which was rated to be hypernasal by the 
researcher but rated as having mixed nasality by a rater 
was excluded from further analysis. Samples for which 
there was a discrepancy between the two primary raters 

were given to the third rater (SLP) with a minimum 
experience of 5 years in perceptual assessment of cleft 
speech. In such cases, rating of the third rater was 
considered for analysis. In all the samples, where there 
was a discrepancy, the rating of the third rater did match 
with one of the primary raters. The information on the 
type of resonance and rating of hypernasality was entered 
in the recording data sheet prepared for the purpose.

Twenty percent of the samples (Group I and Group II 
mixed) were given again to both the judges to determine 
the intrarater reliability after a minimum gap of 1 week 
post first assessment.

Instrumental assessment
The analysis of nasalance for all sentences as computed 
by the Nasal View software (‘Dr Speech’ Version 4 Tiger 
DRS) was recorded and stored in the recording sheet. The 
values considered for analysis was mean nasalance (as 
calculated by nasal view software). These were then 
tabulated for further statistical analysis.

Statistical analysis
For studying inter‑ and intra‑rater reliability for the two 
judges, kappa coefficient was calculated.

Mean and standard deviation (SD) values of nasalance 
were calculated for each sentence types and all the 
sentences together for both the Groups. To compare the 
mean nasalance scores of both the groups, multivariate 
analysis of variance (MANOVA) was used.

The relationship between the perceptual assessment 
of hyper nasality and its instrumental measure, i.e., 
Nasalance was studied using the Pearson product 
moment correlation. SPSS for Windows, Version 17 was 
used for all the statistical analyses

RESULTS AND DISCUSSION

Perceptual ratings of nasality for Group I
All the speech samples of participants in Group I were 

Table 1: Distribution of all the participants in Group I by age, sex, and type of cleft
Age range 
(years)

Number of 
participants

Sex Type of cleft

Male Female Unilateral cleft lip and palate Bilateral cleft lip and palate Cleft palate only
4‑5 8 4 4 6 1 1
5‑6 7 4 3 5 2 ‑
6‑7 7 3 4 4 1 2
7‑8 2 2 ‑ 1 ‑ 1
8‑9 1 ‑ 1 1 ‑ ‑
9‑10 1 ‑ 1 ‑ 1 ‑
10‑11 4 2 2 1 2 1
Total 15 15 18 7 5
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rated to be hypernasal. The distribution as per the 
degree of hypernasality was as given in Table 2, which 
indicates that more than 50% of the children had 
moderate hypernasality, whereas severe hypernasality 
was present in only one child with CP ± L.

Perceptual ratings of nasality for Group II
Speech of all age‑ and gender‑matched typically 
developing children was found to have normal resonance.

Reliability of perceptual ratings
The Kappa coefficient was 0.64 for interrater reliability, 
which suggests substantial agreement between the raters.

Intrarater reliability was 0.65 for rater 1 and 0.84 
for rater 2, which indicates a substantial agreement 
between the first and the second readings for both the 
raters for 20% of the samples.

The good inter‑ as well as intra‑rater reliability 
obtained in the present study could have been due 
to the good quality of recordings with good listening 
conditions during analysis and experience of the raters 
in perceptual assessment of hyper nasality. Rater 1 
had experience of more than 10 years, and rater 2 had 
experience of more than 20 years in perceptual analysis 
of cleft speech. Both these factors have been identified 
as contributing to better reliability.[7,12]

Research also indicates that a scale with less scale points 
increases the inter‑ and intra‑rater reliability.[8,13] The 
rating scale used in the present study was a 5‑point 
scale with rating solely of hypernasality. Simultaneous 
rating of various parameters such as hypernasality, 
nasal emission, misarticulation, and intelligibility by 
the listener reduces the reliability and efficiency of the 
readings.[3] Parameters other than hypernasality were 
not included in the present study.

Instrumental analysis
The mean nasalance and standard deviation were 
calculated for overall oral sentences, and also separately 
for the different types of oral sentences (high pressure, low 
pressure, and pressure sensitive). The mean and SD for the 
nasalance values for both the groups are given in Table 3.

MANOVA indicated than a significant difference was 
present in the nasalance scores across Group I and II 
where F (7, 52) ‑ 93.52, P = 0.00, i.e., the nasalance as 
measured by the Nasal view for the typically developing 
children and children with cleft lip and palate was 
found to be different. Thus, the nasalance values 
obtained on Nasal view could be used to identify the 
presence of hypernasality.

Further analysis indicated that all the oral sentences 
were able to distinguish between normal resonance and 
hypernasality as depicted in Table 4. These results are 
in agreement with the previous studies.[14,15]

Correlation between perceptual rating 
of hypernasality and its instrumental 
measure (Nasalance scores)
Pearson correlation coefficients for the perceptual 
rating of hypernasality and nasalance scores for overall 
oral sentences and each sentence type (oral) and nasal 
sentences are given in Table 5.

Results revealed high correlation of the perceptual and 
acoustic measures for the overall oral sentences and all 
the oral sentence types.

Several other studies have also indicated a good 
correlation between perceptual rating of hypernasality 

Table 2: Distribution of participants of Group I as per 
the degree of hypernasality

Rating of nasality Degree of nasality Number of children
0 Normal 0
1 Minimal 4
2 Mild 9
3 Moderate 16
4 Severe 1

Table 3: Mean and standard deviation of nasalance for 
Groups I and II

Sentence type Group I Group II

Mean 
percentage

SD Mean 
percentage

SD

Overall oral 32.62 7.43 17.17 3.53
High pressure 34.60 7.63 17.64 3.78
Pressure sensitive 33.09 8.56 16.92 3.88
Low pressure 30.22 8.12 16.37 4.00

SD: Standard deviation

Table 4: Test of between subject effects for Groups I 
and II

Dependent variable F Significant
Overall oral 105.75 0.00
High pressure 118.84 0.00
Pressure sensitive 88.66 0.00
Low pressure 70.07 0.00

Table 5: Correlation between nasalance scores and 
nasality rating for all the type of sentences (oral)

OA HP PS LP
Correlation coefficient 0.81** 0.81** 0.79** 0.77**
Significant (two‑tailed) 0.000 0.000 0.000 0.000

**Correlation is significant at 0.01 level (two‑tailed). OA: Overall oral sentences, 
HP: High pressure, PS: Pressure sensitive, LP: Low pressure
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and Nasalance scores ranging from 0.70,[16] 0.74,[10] 
to 0.82.[17] However, other studies have reported 
a weaker correlation ranging from 0.34,[18] 0.49,[19] 
to 0.66.[20] These contradictory findings seen in 
the literature could have been because of the 
methodological variability in the studies including 
thetype of stimuli used, type of instrumentation used, 
type of rating scale used by the rater, prerecorded 
versus live analysis of samples, among others.[18,20,21] 
The high correlation obtained in the present study 
may be attributed to the carefully constructed speech 
stimuli used with special emphasis on the phonetic 
content in the speech samples as the phonetic content 
may influence the perception of hypernasality.[22,23] 
The speech stimuli included specially constructed 
sentences (high pressure, pressure sensitive, and low 
pressure) and also picture description. The picture 
description sample is very similar to conversational 
sample that has been endorsed by researchers[4,24 ] 
since it provides important information about the 
consistency in resonance characteristics. Another 
factor that could have contributed to this high 
correlation includes good inter‑ and intra‑rater 
reliability and use of less point rating scale for 
perceptual assessment.

CONCLUSIONS

Thus, a good correlation is present between the perceptual 
and nasalance assessment of hypernasality (using the 
nasal view) in children with CP ± L when specific 
speech stimuli are used. The results are however 
limited for Marathi language and further studies need 
to be conducted across different languages on larger 
study samples for the purpose of generalization of the 
findings.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. Henningsson G, Kuehn DP, Sell D, Sweeney T, Trost-Cardamone JE, 
Whitehill TL. Speech Parameters Group. Universal parameters for 
reporting speech outcomes in individuals with cleft palate. Cleft Palate 
Craniofac J 2008;45:1-17.

2. Counihan DT, Cullinan WL. Reliability and dispersion of nasality 
ratings. Cleft Palate J 1970;7:261-70.

3. Keuning KH, Wieneke GH, Dejonckere PH. The intrajudge reliability 
of the perceptual rating of cleft palate speech before and after 
pharyngeal flap surgery: The effect of judges and speech samples. 
Cleft Palate Craniofac J 1999;36:328-33.

4. Kuehn D, Moller KT. Speech and language issues in cleft palate 

population: The state of art. Cleft Palate Craniofac J 2000;37:348.
5. Persson C, Lohmander A, Elander A. Speech in children with 

an isolated cleft palate: A longitudinal perspective. Cleft Palate 
Craniofac J 2006;43:295-309.

6. Grunwell P, Brondsted K, Henningsson G, Jansonius K, Karling J, 
Meijer M, et al. A six centre international study of the outcome of 
treatment in patients with clefts of the lip and palate: The results of 
a cross linguistic investigation of cleft palate speech. Scand J Plast 
Reconstr Surg Hand Surg 2000;34:219-29.

7. Hayden C, Klimacka L. Inter rater reliability in cleft palate speech 
assessment. J Clin Excell 2000;2:169-73.

8. Pulkkinen J, Haapanen ML, Laitinen J, Paaso M, Ranta R. 
Association between velopharyngeal function and dental consonant 
misarticulations in children with cleft lip/palate. Br J Plast Surg 
2001;54:290-3.

9. Sell D, Grunwell P, Mildinhall S, Murphy T, Cornish TA, Bearn D, 
et al. Cleft lip and palate care in the United Kingdom – The Clinical 
Standards Advisory Group (CSAG) Study. Part 3: Speech outcomes. 
Cleft Palate Craniofac J 2001;38:30-7.

10. Sweeney T, Sell D. Relationship between perceptual rating of 
nasality and nasometry in children/adolescents with cleft palate 
and/or velopharyngeal dysfunction. Int J Lang Commun Disord 
2008;43:265-82. 

11. Lewis KE, Watterson T. Comparison of nasalance scores obtained 
from the Nasometer and the NasalView. Cleft Palate Craniofac J 
2003;40:40-5. 

12. Lewis KE, Watterson TL, Ouint T. The influence of listeners 
experience and academic training on rating of nasality. J Commun 
Disord 2003;36:49-58. 

13. McWilliam BJ, Morris HL, Shelton RL. Diagnosis of disorder 
of phonation and resonance. In: Cleft Palate Speech. 2nd ed. 
Philadelphia: B.C. Decker; 1990. 

14. Bressmann T, Sader R, Whitehill TL, Awan SN, Zeilhofer HF, Horch 
HH. Measurement of Nasalance using NasalView in a follow-up 
examination of patients with cleft palate. Sprach Stimme Gehor 
1998;22:98-106.

15. Wermker K, Jung S, Joos U, Kleinheinz J. Objective assessment of 
hypernasality in patients with cleft lip and palate with the NasalView 
system: A clinical validation study. Int J Otolaryngol 2012;2012:321-19. 

16. Watterson T, Hilton J, McFarlane S. Novel stimuli for obtaining 
nasalance measures in young children with cleft palate. J Commun 
Disord 1996;26:13-28. 

17. Dalston RM, Warren DW, Dalston ET. Use of nasometry as 
a diagnostic tool for identifying patients with velopharyngeal 
impairment. Cleft Palate Craniofac J 1991;28:184-8. 

18. Keuning KH, Wieneke GH, van Wijngaarden HA, Dejonckere PH. 
The correlation between nasalance and a differentiated perceptual 
rating of speech in Dutch patients with velopharyngeal insufficiency. 
Cleft Palate Craniofac J 2002;39:277-84. 

19. Watterson T, McFarlane S, Deutsch C. The relationship between 
nasalance and nasality in children with cleft palate. J Commun 
Disord 1993;26:13-28. 

20. Paynter ET, Watterson TL, Boose WT. The Relationship Between 
Nasalance and Listener Judgement. Presented at Annual Meeting of 
American Cleft Palate Craniofacial Association, 1991; Hilton Head, 
South Carolina; 1991. 

21. Dalston RM, Seaver EJ. Relative values of various standardized 
passages in the nasometric assessment of patients with velopharyngeal 
impairment. Cleft Palate Craniofac J 1992;29:17-21. 

22. Sell D. Issues in perceptual speech analysis in cleft palate and related 
disorders: A review. Int J Lang Commun Disord 2005;40:103-21. 

23. Hutters B, Henningsson G. Speech outcome following treatment 
in cross linguistic cleft palate studies: Methodological implications. 
Cleft Palate Craniofac J 2004;41:544-9. 

24. Grunwell P, Sell D, Harding A. Describing cleft palate speech. In: 
Grunwell P, editor. Analysing Cleft Plate Speech. London: Whurr; 
1993.

[Downloaded free from http://www.jclpca.org on Friday, April 6, 2018, IP: 192.168.102.153]



Tak, et al.: Assessment of hypernasality in children with cleft palate

Journal of Cleft Lip Palate and Craniofacial Anomalies72 July-December 2016 / Vol 3 / Issue 2

APPENDIX 1

High pressure sentences:
1. pappu papaI kap
2. t͉ai ʃet͉eti dzat͉e
3. t̥IllU t͉at̥ vati d͉e
4. pakat͉ kaIrI t̥ak

Pressure sensitive sentences:
5. sasa kasav bast͉at͉
6. ʃaʃi akaʃ bagh

Low pressure sentences
7. valavar rava lav
8. ravivarI vaĵar lavlI
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