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Objectives: This study conducts a comparative analysis of the temporal facets of velopharyngeal 
coarticulation in Persian-speaking adults, differentiating between subjects with and without 
cleft palate, across three distinct vowel contexts.

Methods: The study included 14 adults who had undergone cleft palate repair, with or without 
cleft lip and presented moderate to severe hypernasality. Another 14 adults without cleft palate 
were included in the study. The age range of participants was 18 to 50 years. By utilizing 
the Praat software, version 6.1.50, the study obtained data for the four temporal parameters 
by analyzing acoustic waveforms and spectrograms within three distinct vowel contexts. The 
analysis included the calculation of ratios of nasalization duration to neutralize the influence of 
speech rate variations between the cleft palate and control groups.

Results: The results revealed that adults with cleft palate exhibited significantly extended 
durations for the four temporal parameters compared to the control group (P<0.001).

Discussion: The findings underscore that adults with cleft palate demonstrate prolonged 
nasalization durations in their speech, signifying potential temporal disparities in velopharyngeal 
coarticulation. This divergence is most evident in the context of the /i/ vowel. The temporal 
aspects of nasalization, denoting the temporal dimensions of the acoustic impedance related to 
the oral and nasal cavities, can potentially impact the hypernasality perception in adults with 
cleft palate. This study proposed that an acoustic examination of speech’s temporal aspects can 
effectively quantify the degree of nasalization in cleft palate individuals and a control group. 
Furthermore, the results indicate that the development of motor speech control significantly 
contributes to the mechanisms underpinning anticipatory and carryover velopharyngeal 
coarticulation.
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Highlights 

● The Persian-speaking adults with cleft palate had significantly elevated durations of nasalization than adults without 
cleft palate. 

● Temporal aspects of velopharyngeal coarticulation were delayed or exhibited deviations in adults with cleft palate.

● The development of motor speech control plays an important role in the mechanisms of anticipatory and carryover 
velopharyngeal coarticulation.

Plain Language Summary 

Velopharyngeal insufficiency affects speech. When the duration of opening and closing of the velopharyngeal valve 
before and after a nasal consonant takes more time than usual, speech quality is perceived as hypernasal. Hypernasality 
is a prevalent nasality disorder among individuals with cleft palate. The findings of this investigation propose that 
adults with cleft palate in the Persian language may initiate velopharyngeal opening for nasal consonants earlier and 
conclude velopharyngeal closing for oral consonants after nasal consonants later than adults without cleft palate.

Introduction 

roficient control of articulatory move-
ments during speech production is evident 
through the precise coordination of coar-
ticulation, which pertains to the concur-
rent articulatory actions of neighboring 

phonemes in spoken language [1]. Articulatory gestures 
inherently possess temporal characteristics that overlap 
during speech, with the degree of coarticulation influ-
enced by a multitude of factors, encompassing speech 
rate and linguistic constraints [2].

Velopharyngeal coarticulation denotes the influence 
of nasal consonants on preceding (i.e. anticipatory) or 
subsequent (i.e. carryover) segments within continuous 
speech [3]. In the context of nasal consonants, the velo-
pharyngeal port should remain open to facilitate the prop-
agation of acoustic energy within the nasal cavity. Con-
sequently, misalignment in the timing of velopharyngeal 
movements, in concert with other articulatory elements, 
can precipitate an imbalance in oral-nasal resonance [4-
6]. Aerodynamic investigations have established that the 
temporal patterns of velopharyngeal valve actions sig-
nificantly impact the perception of nasal resonance [6, 
7]. Prolonged durations for the opening and closing of 
the velopharyngeal valve preceding and succeeding a 
nasal consonant, beyond typical norms, are associated 
with the perception of hypernasal speech quality [8].

Hypernasality represents a prevalent form of nasality 
disorder, commonly observed in people presenting cleft 
palate, either with or without concomitant cleft lip, char-

acterized by an excessive nasal quality in the production 
of standard vowel sounds [9].

Research in the realm of speech motor control has 
extensively explored coarticulatory phenomena across 
various components of the speech apparatus, including 
the larynx, velopharyngeal subsystem, tongue, jaw, and 
lips. Numerous investigations employing diverse obser-
vational methods have documented instances of velo-
pharyngeal coarticulation [1].

Studies conducted by Warren et al. (1985, 1990) and 
Dalston (1991) have revealed a significant increase in 
airflow duration as the severity of velopharyngeal insuf-
ficiency escalates in individuals afflicted with cleft pal-
ate [5-7]. Dotevall et al. (2001, 2002) have established a 
connection between the timing characteristics of airflow 
through the nasal passages during the phase of velopha-
ryngeal closure in speech and the perception of hyper-
nasality [8]. Furthermore, Jones (2000) has elucidated 
that misalignment in the timing of the movements of the 
velopharyngeal mechanism concerning the initiation and 
conclusion of voicing can lead to an exaggerated percep-
tion of nasalization [9].

Zajac and Hackett (2002) have discerned distinct tem-
poral patterns in the aerodynamic aspects of speech 
among pediatric and adult populations, both with and 
without cleft palate, utilizing the method of pressure-flow 
analysis [10]. Meanwhile, Jones (2006) has underscored 
the potential for subtle differences in both structural and 
motor aspects between normal and cleft palates individu-
als to manifest in the spatiotemporal demands of intri-
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cate velopharyngeal movements, potentially resulting in 
more conspicuous oral-nasal impedance ratios [11].

Incorporating nanometer measurements, Bae et al. 
(2007) have empirically substantiated the notable influ-
ence of vowel sounds on the temporal patterns of na-
salization [12]. Moreover, several investigations have 
delved into the temporal attributes of nasalization in 
both American English and Korean speakers with and 
without cleft palate. Their analyses of oral and nasal cav-
ity acoustic energy have revealed that cleft palate indi-
viduals with hypernasality exhibit extended nasalization 
durations compared to their non-cleft palate counterparts 
[3, 4, 13].

Numerous investigations have revealed variations in 
the coarticulatory nasalization patterns and the temporal 
dynamics of velopharyngeal movements across different 
age groups and linguistic contexts [4, 13]. While Bagh-
ban et al. (2015) demonstrated an extended duration of 
nasalization in children with cleft palate who speak Per-
sian compared to their typically developing peers [14], 
there exists a notable absence of information concerning 
the temporal characteristics of velopharyngeal coarticu-
lation in Persian-speaking adults, both with and without 
cleft palate. Accordingly, the results are inconclusive in 
surveying the speech motor control development and ve-
lopharyngeal coarticulation in the Persian language. This 
research was structured to fulfill the following two ob-
jectives: 1) To investigate velopharyngeal coarticulation 
in Persian-speaking adults with and without cleft pal-
ate; 2) To contrast the temporal aspects of nasalization 
in Persian-speaking adults with and without cleft palate.

Materials and Methods

The current investigation constituted a descriptive-ana-
lytical cross-sectional study.

Study participants

This research was carried out on a sample of 14 adults 
who had undergone cleft palate repair, with or without 

cleft lip (comprising 11 males and 3 females). These in-
dividuals were selected from speech therapy clinics lo-
cated in Tehran City, Iran. Additionally, 14 adults without 
cleft palate (consisting of 11 males and 3 females) were 
recruited from the academic community of the Univer-
sity of Social Welfare and Rehabilitation Sciences, in 
Tehran City, Iran. All participants in this study were 
monolingual adults who spoke Persian as their primary 
language. The participants’ ages ranged from 18 to 50 
years, with a Mean±SD age of 31.8±2.1 years for adults 
with cleft palate and 31.2±1.8 years for adults without 
cleft palate. The type of cleft among adults with cleft pal-
ate was divided into 4 diagnostic categories, which are 
presented in Table 1. 

All adults with cleft palate had normal hearing based 
on their audiograms and medical records and normal re-
ceptive language based on the implemented assessment 
by the first author. Every participant with cleft palate ex-
hibited varying degrees of hypernasality, ranging from 
moderate to severe. The assessment of hypernasality was 
conducted utilizing single terms and phrases containing 
consonants with high pressure, following the universal 
parameters guidelines and the Cleft audit protocol for 
speech-augmented (CAPS-A) [15, 16].

Study materials and procedures 

CAPS-A

In the present investigation, the rate of hypernasal-
ity was conducted using the CAPS-A. This instrument 
is recognized for its validity and reliability, rendering 
it suitable for conducting cross-center evaluations of 
speech results in cleft palate individuals. The aver-
age agreement percentage for criterion validity across 
the various sections was determined to be 87%, with a 
range spanning from 70% to 100%. The CAPS-A also 
exhibited commendable levels of both intra-rater and 
inter-rater reliability, with measures ranging from good 
to very good (Kappa=0.61 to 1.00) across seven sec-
tions, while three sections exhibited moderate reliability 
(Kappa=0.41 to 0.60) [16].

Table 1. Primary diagnosis of adults with cleft palate in the present study

Sex Bilateral Complete Cleft of Pri-
mary and Secondary Palate

Unilateral Complete Cleft of Primary 
and Secondary Palate Soft Palate Cleft Submucous Cleft

Male 3 4 2 0

Female 1 2 2 0

Total 4 6 4 0
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In this study, we employed subgroup 3a of the CAPS-A 
assessment, which specifically targets hypernasality in 
speech. Hypernasality within the CAPS-A is evaluated 
using a 5-point scale, with ratings as follows: 0: The ab-
sence of hypernasality, 1: Borderline condition, 2: Mild 
hypernasality, 3: Moderate level, and 4: Severe hyper-
nasality.

Speech sample

The speech samples comprised a set of three disyllabic 
sequences with the /CVCVC/ structure, specifically/
pamap/, /pumup/ and /pimip/. These sequences, involv-
ing the alternation of consonants /m/ and /p/ preceding 
and succeeding vowels in speech tasks, facilitate the 
velopharyngeal port’s opening and closing dynamics. 
Both nasal /m/ and oral /p/ consonants are produced in 
the lip position. While it is recognized that the primary 
factor contributing to hypernasality lies in the coupling 
of the oral and nasal cavities, the tongue’s placement and 
the level of tension in the glottal structures can also in-
fluence the balance of oral-nasal resonance. Therefore, 
not all vowels are equally susceptible to the effects of 
oral-nasal interconnection due to variations in their re-
spective tongue placement within the oral cavity [17, 
18]. Consequently, to explore distinct timing parameters 
among vowels, three specific vowels, namely /i/, /u/ and 
/a/, which articulated at various locations of constriction 
along the vocal tract, were deliberately selected.

Data collection

Speech samples were recorded individually within an 
acoustically controlled environment. Following the par-
ticipants’ completion of the informed consent process 
and initial communication, the test procedure was ex-
plained to them. They were then instructed to produce 
speech samples that closely matched a standardized au-
dio model, adhering to the conventional pitch and loud-
ness associated with the standard Persian accent of Teh-
ran. Each participant was provided with the audio model, 
which represented the standard Persian accent of Tehran, 
and had the opportunity to listen to it up to three times 
for reference.

The participants’ acoustic data were simultaneously 
recorded using microphones situated in both the oral 
and nasal cavities, facilitated by an MSI-cx 620 laptop 
equipped with an Onyx Blackjack Premium 2×2 USB 
recording interface. To record the speech data accurate-
ly, a pair of high-quality microphones was affixed to the 
participants’ heads, comprising two microphones, one 
placed near the mouth and the other positioned beneath 

the right nostril. These microphones, namely the Shure-
Beta 54 model, were manufactured in the United States. 
The microphone of the oral cavity was situated at a dis-
tance of approximately 3 cm from the right aspect of the 
participant’s mouth. Also, the microphone of the nasal 
cavity was carefully positioned beneath the right nostril. 

Data extraction

The acquired acoustic signals from both the nasal and 
oral sources were subjected to analysis through the utili-
zation of the Praat software, version 6.1.50. This analysis 
involved the utilization of two distinct channels in the 
software. The initial channel was employed to scrutinize 
signals captured by the microphone situated beneath the 
nostril, while the subsequent channel was dedicated to 
the analysis of signals collected by the microphone posi-
tioned in front of the mouth.

Several temporal parameters, including the nasal onset 
interval, nasal offset interval, acoustic duration of the na-
sal consonant and the overall nasalization duration, were 
computed for every of the speech samples encompassing 
/pamap/, /pimip/ and /pumup/. These calculations were 
based on distinctive features extracted from acoustic 
waveforms, spectrograms and energy contours derived 
from the data recorded by the two aforementioned chan-
nels. The specific definitions and graphical representation 
of these timing measurements are detailed in Figure 1.

Nasal onset interval

The nasal onset interval is defined as the temporal span 
between the moment when there is a noticeable rise in na-
sal acoustic energy coupled with a decline in oral acoustic 
energy, and the commencement of the acoustic phase cor-
responding to the nasal consonant. According to Figure 
1, this interval is delineated by time points “2” and “3.”

Acoustic period of the nasal consonant

Within this timing measurement, distinctive spectral 
features are observed, including reduced intensity in the 
formants as depicted on the spectrograms derived from 
the oral microphone data. This interval pertains to the 
temporal segment encompassed by time points “3” and 
“4” as illustrated in Figure 1.

Nasal offset interval

This duration is measured from the termination of the 
acoustic segment linked to the nasal consonant to the 
point where a rise in oral acoustic energy aligns with a 
reduction in nasal acoustic energy, indicating the initia-
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tion of the oral aperture for the ensuing vowel articula-
tion. The nasal offset interval is defined by time points 
“4” and “5” in Figure 1.

Total nasalization duration

The total duration of nasalization encompassed the 
combined durations of the nasal onset interval, the 
acoustic period of the nasal consonant, and the nasal off-
set interval. According to Figure 1, this interval is repre-
sented by the time points “2” to “5."

To account for variations in speech rates in both the 
cleft palate and control groups, we computed the tem-
poral duration ratios of nasalization using the formulas 
provided in Appendix 1.

Reliability analysis

Two speech therapists specialized in cleft speech with 
8 and 5 years of respective experience, independently 
rated all speech samples using the CAPS-A. The two 
assessments were conducted with a three-week interval 
between them. To assess the reliability of hypernasality 
ratings, the Spearman correlation coefficient was em-

ployed for both intra-rater and inter-rater assessments. 
The Spearman correlation coefficients for intra-rater re-
liability exhibited a value of 0.81 for each of the raters. 
Additionally, the Spearman correlation coefficient for 
inter-rater reliability was calculated to be 0.75.

Statistical analysis

The statistical analysis was performed using the SPSS 
software, version 22, using a significance level (α) of 
0.05. To assess the normal distribution of the desired 
parameters, the Shapiro-Wilk test was performed. The 
results of the Shapiro-Wilk test for the nasal onset inter-
val ratio, nasal offset interval ratio, acoustic duration of 
the nasal consonant, and total nasalization duration ratio 
yielded values of 0.75, 0.68, 0.55 and 0.79, respectively. 
Given that these values exceeded 0.05, the data were 
considered to follow a normal distribution.

To compare the four measures of nasalization duration 
across individuals with and without cleft palate in the /
pamap/, /pumup/ and /pimip/ contexts, a two-way mixed 
analysis of variance with repeated measures, involv-
ing 2 groups×3 contexts, was employed. Furthermore, 

Table 2. Mean±SD for temporal aspects of nasalization (%)

Ratio (%)

Mean±SD

/pamap/ /pimip/ /pumup/

Cleft Noncleft Cleft Noncleft Cleft Noncleft

Nasal onset interval ratio 7.24±3.02 5.23±0.97 12.54±2.05 7.07±1.91 10.74±0.87 6.02±2.03

The acoustic period of the 
nasal consonant 12.32±2.10 10.34±1.62 18.28±3.01 16.15±2.21 17.58±2.97 15.69±1.79

Nasal offset interval ratio 6.21±0.64 4.93±0.81 10.74±0.92 7.99±1.85 9.02±2.41 7.41±1.65

Total nasalization duration 
ratio 30.01±4.54 24.41±5.19 36.25±6.04 30.41±6.72 32.38±5.41 28.50±7.02

Baghban K, et al. Temporal Aspects of Velopharyngeal Coarticulation. IRJ. 2024; 22(3):411-422.

Figure 1. Illustration of waveforms for /pamap/ in a participant without cleft palate

Notes: A) Shows waves recorded from a nasal microphone and B) Demonstrates waves recorded from an oral microphone. 
In terms of timing parameters measured, 2 to 3 shows the nasal onset interval, 3 to 4 shows the acoustic period of the nasal 
consonant, 4 to 5 demonstrates the nasal offset interval, and 2 to 5 shows the total nasalization duration.
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the Duncan multiple comparison post hoc test was em-
ployed to investigate statistically significant distinctions 
in the three temporal parameters across the /i/, /u/ and /a/ 
vowel contexts within each group of participants. The 
test power was determined using the R2 software, ver-
sion 3.6.2.

Results 

Table 2 presents the findings of the temporal duration 
analysis for all three tasks in the two subject groups. 
In both groups, the most extended durations were con-
sistently observed across the nasal onset interval ratio, 
nasal offset interval ratio, acoustic duration of the nasal 
consonant, and total nasalization duration ratio for the 
/i/ context, as detailed in Table 2. For both groups, the 
pattern indicated that the total nasalization duration ratio 
followed an ascending order of /i/, /u/ and /a/. In simpler 
terms, the high vowel contexts consistently exhibited a 
more protracted total nasalization duration in contrast 
to the contexts involving low vowels in both subject 
groups. The power of the test was calculated as 0.905 
using the R2 software.

The 2×2 mixed analysis of variance conducted on the 
nasal onset interval ratio within the /pimip/, /pamap/, 
and /pumup/ contexts, considering both subject groups, 
revealed significant effects for group (F(1, 170)=34.56, 
P<0.001), context (F(2, 170)=46.75, P<0.001), and the 
interaction between group and context (F(2, 170)=16.51, 
P<0.001). Furthermore, the nasal onset interval ratio 
exhibited a significantly higher value in cleft palate 
adults when compared to the control group across all 
three vowel contexts. Subsequent Duncan multiple com-
parison testing demonstrated that, within both groups, 
the nasal onset interval ratio of the vowel context of /i/ 
meaningfully exceeded those of the vowel contexts of /u/ 
and /a/, while the nasal onset interval ratio of the vowel 
context of /u/ demonstrated a notable superiority when 
compared to the vowel context of /a/.

The 2×2 mixed analysis of variance conducted on the 
acoustic duration of the nasal consonant ratio within the 
/pimip/, /pamap/ and /pumup/ contexts, involving both 
subject groups, yielded significant effects for group (F(1, 

170)=41.25, P<0.001) and context (F(2, 170)=70.22, P<0.001). 
However, it did not reveal any significant interaction be-
tween the contextual and group variables (F(2, 170)=6.42, 
P>0.05). Additionally, the acoustic duration of the nasal 
consonant ratio was significantly greater in cleft pal-
ate adults compared to the control group across all three 
vowel contexts. Subsequent analysis using the Duncan 
multiple comparison test demonstrated that, within both 

groups, the acoustic duration of the nasal consonant ratio 
in the vowel context of /i/ significantly exceeded that of 
the /u/ and /a/ vowel contexts. Furthermore, the acoustic 
duration of the nasal consonant ratio within the /u/ vowel 
context exhibited a significant extension compared to that 
of the /a/ vowel context.

The 2×2 mixed analysis of variance applied to assess 
the nasal offset interval ratio in the /pimip/, /pamap/ and /
pumup/ contexts across both subject groups revealed sig-
nificant effects for group (FF(1, 170)=34.06, P<0.000), con-
text (F(2, 170)=65.41, P<0.000) and a significant interaction 
between contextual and group variables (F(2, 170)=43.28, 
P<0.001). Furthermore, the nasal offset interval ratio was 
significantly higher in cleft palate adults compared con-
trol group across all three vowel contexts. Subsequent 
examination using the Duncan multiple comparison test 
indicated that, within both groups, the nasal offset inter-
val ratio of the /i/ vowel context was significantly greater 
than that of the /u/ and /a/ vowel contexts. Additionally, 
the nasal offset interval ratio of the /u/ vowel context ex-
hibited a significant extension compared to that of the /a/ 
vowel context.

The 2×2 mixed analysis of variance conducted to assess 
the total nasalization duration ratio within the /pimip/, /
pamap/ and /pumup/ contexts across both subject groups 
revealed significant effects for group (F(1, 170)=98.11, 
P<0.000), context (F(2, 170)=26.54, P<0.001) and a signifi-
cant interaction between contextual and group variables 
(F(2, 170)=9.62, P<0.001). Additionally, the total nasaliza-
tion duration ratio was notably higher in adults with cleft 
palate compared to adults without cleft palate across all 
three vowel contexts. Further investigation using the 
Duncan multiple comparison test indicated that, within 
both groups, the total nasalization duration ratio of the 
/i/ vowel context was significantly greater than those of 
the /u/ and /a/ vowel contexts, and the total nasalization 
duration ratio of the /u/ vowel context exhibited a signifi-
cant extension compared to that of the /a/ vowel context.

Discussion

This study investigated the temporal characteristics 
of velopharyngeal coarticulation in Persian-speaking 
adults, comparing subjects with and without cleft pal-
ate. The outcomes unveiled that adults with cleft palate 
exhibited notably extended nasal onset interval ratios, 
nasal offset interval ratios, and total nasalization dura-
tion ratios across various vowel contexts. These findings 
align with prior research by Warren et al. (1985, 1990), 
Dalston et al. (1991) and Dotevall et al. (2002), which 
similarly reported significant distinctions in nasal airflow 
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duration between normal and cleft palate subjects [5-8]. 
The observation of prolonged velopharyngeal openness 
in Persian-speaking adults with cleft palate underscores 
the need for targeted interventions. Armed with insights 
into the temporal aspects of velopharyngeal closure, cli-
nicians can develop precise clinical assessments and tai-
lored intervention strategies for Persian-speaking adults 
with cleft palate.

The acoustic parameters derived from the analysis 
conducted in this study revealed alterations in the in-
teraction between oral and nasal acoustic impedance, 
offering indirect insights into the timing dimensions of 
velopharyngeal coarticulation related to the movements 
of lips. Specifically, our research focused on examining 
temporal aspects when producing combinations of nasal-
to-stop consonants. Measurements of temporal aspects 
in bilabial and velar positions revealed a close relation-
ship between hypernasality in perceptual assessments 
and velopharyngeal function. Consequently, the phase of 
velopharyngeal closure may reflect the temporal charac-
teristics of the pharyngeal valve, which are essential for 
understanding hypernasality in perceptual assessments 
in clinics.

From a coarticulation model perspective, the nasal onset 
interval ratio can be interpreted as indicative of anticipa-
tory velopharyngeal coarticulation, while the nasal offset 
interval ratio aligns with carryover velopharyngeal coar-
ticulation. Specifically, the nasal onset interval signifies 
the duration from the initiation of the opening of the velo-
pharyngeal port to the closure of the oral cavity, whereas 
the nasal offset interval denotes the duration from the 
opening of the oral cavity to the closing of the velopha-
ryngeal port. The comprehensive duration of velopha-
ryngeal opening and closing can be deducted through the 
measurement of total nasalization duration [4].

According to the results, in the Persian language, adults 
with cleft palate demonstrate an earlier initiation of ve-
lopharyngeal port opening for nasal consonants and de-
layed closure of velopharyngeal port for oral consonants 
after nasal consonants, compared to the control group. 
This observation aligns with the research conducted by 
Baghban et al. (2015) concerning temporal aspects of 
nasalization in Persian-speaking children with and with-
out cleft palate [14]. Essentially, this suggests that the 
patterns of velopharyngeal coarticulation exhibit simi-
larities between Persian-speaking children and adults, 
both with and without cleft palate. Nevertheless, tempo-
ral intervals in adults, both with and without cleft palate, 
are shorter than those in children, both with and without 
cleft palate, across all three vowel contexts in the Persian 

language. The differences in temporal patterns of nasal-
ization durations between adults and children, with and 
without cleft palate, may be partly attributed to varia-
tions in speech rates between these groups [2, 4].

The findings of this study were subjected to com-
parison with the research conducted by Baghban et al. 
(2015), revealing potential divergent underlying mecha-
nisms governing how Persian-speaking adults and chil-
dren, both with and without cleft palate, anticipate and 
carry over velopharyngeal coarticulation. This observa-
tion aligns with previous studies that have reported dis-
parities in the temporal aspects of coarticulation between 
individuals of different age groups [2, 4, 13]. Coarticula-
tion research literature consistently indicates a consen-
sus that anticipatory and carryover coarticulation entail 
distinct underlying mechanisms. The mechanical inertia 
of the velum, leading to carryover velopharyngeal co-
articulation, might remain consistent in both adults and 
children, whereas anticipatory velopharyngeal coarticu-
lation could reflect developmental aspects involving the 
reorganization of neuromotor control for segmental ar-
ticulations. Consequently, adults and children may ex-
hibit differing temporal patterns within the domain of 
anticipatory velopharyngeal coarticulation [4, 13, 19].

In the case of adults with cleft palate, the nasal onset 
interval ratio, nasal offset ratio and total nasalization 
duration ratio exhibited significant variations across 
the three vowel contexts within each respective group. 
Furthermore, the outcomes of this study illuminated the 
presence of notable interactions between the subject 
groups and the specific vowel types concerning the three 
temporal durations. This implies that the nature and ex-
tent of group disparities in these temporal durations are 
influenced by the vowel categories under consideration. 
The temporal durations were ranked in ascending order 
as follows: /a/, /i/ and /u/. This outcome underscored that 
temporal duration ratios in high vowel contexts exceed-
ed those observed in low vowel contexts. The height-
ened oral constriction associated with high vowel con-
texts likely contributed to longer nasal onset intervals, 
nasal offset intervals and total nasalization durations 
compared to those evident in low vowel contexts. This 
finding aligns with the results reported by Ha et al. and 
Ha and Kuehn (2004, 2011) in the context of Korean and 
American English [3, 13]. Additionally, it parallels the 
findings of Cho et al. (2000), where high vowels were 
found to exhibit a more pronounced and sensitive degree 
of nasalization about nasal-coupling balance compared 
to low vowels [20].
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Within the scope of the present investigation, it became 
evident that the /pimip/ context exhibited the most pro-
nounced disparities between the two groups. In a man-
ner consistent with the findings of Baghban et al. (2015) 
concerning the timing aspects of nasalization in Persian-
speaking children, our study likewise underscores that 
the temporal metrics of nasalization derived from the 
vowel context of /i/offer further discerning insights into 
the distinctions between groups with and without cleft 
palate. These temporal dissimilarities in nasalization 
during vowel production could potentially related to the 
perceived degree of nasalization [14]. This observation 
aligns with prior studies indicating that the /i/ context 
tends to be perceived as having a greater degree of nasal 
resonance compared to the /a/ context [3, 4, 13].

The acoustic spectrum of the /m/ nasal consonant is 
characterized by a prevalence of sound energy character-
ized by low frequency. Consequently, when the /i/ vowel 
and /m/ consonant, both featuring comparable formant 
placements, are articulated consecutively, the resonance 
near the nasal formant becomes more pronounced, there-
by intensifying the perception of nasal resonance [4].

Kuehn and Moon (1995) conducted a study demon-
strating that cleft palate participants exhibit elevated 
levels of levator veli palatini activation during speech 
production when in comparison to normal participants. 
This finding suggests that those with cleft palate may 
necessitate increased exertion to achieve velopharyngeal 
closure and could be more susceptible to fatigue during 
speech articulation [21]. The extended nasalization dura-
tions observed in the cleft palate group in our research 
could be indicative of atypical speech motor skills and 
anatomical disparities in the structure of the palate. Pre-
vious investigations have yielded similar data, but their 
outcomes have not consistently concurred. This vari-
ability underscores the potential for temporal character-
istics of nasalization to vary among different languages. 
Therefore, a noteworthy strength of our study lies in the 
selection of our specific language for investigation.

Ultimately, the results garnered from our present study 
can offer valuable supplementary insights into the move-
ments of the velum and lips, particularly in the context 
of imaging techniques like x-ray, magnetic resonance 
imaging, and ultrasound [22, 23].

Clinical and research implications

The current investigation has furnished more pre-
cise insights into the functioning of the velopharyn-
geal mechanism, thus enhancing the potential for more 

precise clinical evaluations and practical intervention 
strategies. Essentially, this research underscores the sig-
nificance of carefully selecting speech patterns when 
evaluating and addressing velopharyngeal function, es-
pecially in the context of perceptual speech attributes 
like the phonetic placement of target phonemes. Our 
study has unveiled that among Persian-speaking adults, 
those with cleft palate tend to exhibit extended durations 
of nasalization compared to their non-cleft palate coun-
terparts. Consequently, when appraising hypernasality in 
cleft speech and speech therapy settings, it is imperative 
to recognize that the temporal dimensions of nasaliza-
tion can be influenced by the degree of hypernasality in 
adults with cleft palate. These findings hold relevance 
not only for speech and language pathologists but also 
for linguists and other specialists collaborating within 
cleft palate teams.

Conclusion 

In this investigation, Persian adults with cleft palate 
demonstrated significantly prolonged nasalization du-
rations in comparison to their non-cleft palate counter-
parts. The analysis undertaken in this study delved not 
only into the acoustic energy ratios but also into the 
acoustic events linked to the temporal dimensions of ve-
lopharyngeal coarticulation, particularly about the tim-
ing of lip opening and closure throughout the articulation 
process. The most conspicuous disparity between these 
two groups emerged within the context of the vowel /i/. 
This research contributed acoustic evidence related to 
velopharyngeal coarticulation, lending support to the ex-
pectations set forth by the coproduction model regarding 
the extent of anticipatory and carryover coarticulation, 
as well as aligning with the predictions of gestural pho-
nology concerning the nature of speech production units 
and the speech patterns observed in adults.

Study limitations 

The data analysis approach employed in this study pri-
marily focused on the temporal characteristics of velo-
pharyngeal movement related to the opening and closing 
of the lip, rather than emphasizing the rate of acoustic 
energy. Future investigations could explore the connec-
tion between temporal attributes and nasalization using 
alternative indirect assessment tools. Given that patterns 
of nasalization can exhibit variability across specific lan-
guages, it is essential to recognize that the temporal as-
pects of velopharyngeal coarticulation in this study may 
have limitations specific to the Persian language. Con-
sequently, extrapolating the results to other languages 
should be undertaken cautiously. An avenue for future 
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research entails replicating this study on a more exten-
sive scale, encompassing a significantly larger sample 
size, a broader age spectrum, and a more diverse array 
of regional dialects. The current study was confined to 
a limited set of speech tasks; therefore, forthcoming 
research should encompass additional speech samples 
spanning a wider array of vowels and consonants, in-
cluding those with diverse places and manners of articu-
lation. Moreover, in future research, it would be valuable 
to compare the temporal aspects of velopharyngeal co-
articulation among groups with apraxia, dysarthria, and 
other resonance disorders.
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Appendix 1. The formulas for calculating the ratios of temporal durations of nasalization

Nasal onset interval ratio=

Acoustic period of the nasal consonant=

Nasal offset interval ratio=

Total nasalization duration ratio=

Nasal onset interval
Total production time of each speech samplex ×100

×100

×100

×100

Acoustic period of nasal consonant
Total production time of each speech samplex

Nasal offset interval
Total production time of each speech samplex

Total nasalization duration
Total production time of each speech samplex
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