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Abstract 

Children with cleft palate, with or without associated cleft lip (CP±L), often 

demonstrate speech problems even after surgery for palatal repair. Speech 

characteristics in children with CP±L have been well studied for English-speaking 

children but under-investigated for Mandarin-speaking children. As the most spoken 

language in the world, Mandarin shows language-specific features that are different 

from English. To understand the speech characteristics of Mandarin-speaking children 

with CP±L, this dissertation investigated phonetic and phonological characteristics in 

children with CP±L and in typically-developing children using an existing database 

from a Chinese hospital. In total, speech samples of 46 Mandarin-speaking children 

with CP±L from age 5 to 8 years and 37 age-matched typically-developing children 

were included in this study. 

The following types of phonetic and phonological characteristics were 

analyzed: consonant inventory, speech accuracy, phonological processes, and cleft 

palate speech characteristics. The consonant inventory was analyzed based on the 

total number of consonants and the phonetic features of these consonants. Speech 

accuracy was examined using the percentage of correct consonants (PCC), percentage 

of correct places (PCP), and percentage of correct manners (PCM), and then 

specifically analyzed by the percent correct within each category of consonant place 

and manner. Phonological processes were confirmed by the percentage of occurrences 

out of the possible opportunities in phonetic contexts. Cleft palate speech 

characteristics were measured by perceptual ratings on speech samples using a 

modified version of the Cleft Audit Protocol for Speech-Augmented (CAPS-A). The 

speech outcomes in children with CP±L were compared to those in typically-

developing children. Speech outcomes were also compared among four age groups 
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(i.e., 5, 6, 7, and 8 years), and then among three surgical timing groups (i.e., before 1 

year of age, between 1 and 3 years of age, and after 3 years of age).  

Results showed that Mandarin-speaking children with CP±L demonstrated 

smaller consonant inventories, lower speech accuracy, and more frequent occurrences 

of phonological processes compared to typically-developing children without clefts. 

No significant difference in any speech outcome was found among the four age 

groups. Children with CP±L who had early surgery before 1 year of age demonstrated 

fewer occurrences of nasal assimilation than those who had surgery after age 3 years. 

Children who had surgery between ages 1and 3 years were considered less hypernasal 

than those who had surgery after age 3 years. 

These findings add information regarding speech characteristics in Mandarin-

speaking children with CP±L from ages 5 to 8 years. The insights of language-

specific features gained from this study may be of assistance to improve speech 

services for Mandarin-speaking children with CP±L. Future studies with larger 

sample sizes and longitudinal study designs to investigate the window of speech 

development in Mandarin-speaking children with CP±L are warranted. Future 

research could also be conducted to develop and validate a modified version of the 

CAPS-A for Mandarin-speaking children with CP±L.  
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1. Introduction 

1.1 Background and Problem Statement 

Individuals with cleft palate, with or without associated cleft lip (CP±L), have 

a prenatal opening or a split in the palate and/or the lip, which results from a failure to 

fuse during fetal development (Kummer, 2013). The clefts can span varying degrees 

of severity, and may involve different orofacial structures, such as the soft palate, hard 

palate, alveolus, nasal nostril, and lips (Kummer, 2013). Cleft palate and cleft lip can 

occur as separate defects, but they can also present together as an associated 

malformation (Shkoukani et al., 2014). The muscles and nerves in the oral, nasal, and 

pharyngeal structures which coordinate to regulate the normal function of swallowing, 

breathing, hearing, and speech are often affected in children with CP±L (Kummer et 

al., 2014).  

Craniofacial anomalies are the fourth most common congenital defect. CP±L 

is the most common and immediately identifiable craniofacial malformation (Merritt, 

2005; Wantia & Rettinger, 2002). The prevalence rate worldwide of orofacial cleft at 

birth is about 7.9 per 10,000 with a range of 3.4 to 22.9 per 10,000 births for cleft lip 

with or without cleft palate and a range of 1.3 to 25.3 per 10,000 births for cleft palate 

(Ahmed et al., 2017; Mossey et al., 2009; Mossey & Modell, 2012). Within the 

United States, the incidence of CP±L of Native Americans (36 in 10,000 live births) 

and Asian Americans (21 in 10,000 live births) are the highest, whereas the incidence 

in African Americans (4 in 10,000 live births) is the lowest (Khazaei et al., 2011; 

Mitchell, 1997; Shkoukani et al., 2014). 

China has the largest population in the world. The estimated 1.4 billion 

population consists of approximately 18.4% of the total world population (United 

Nations World Population Prospects, 2019). The prevalence of children with CP±L in 
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China is approximately 14 in 10,000 live births (Wang et al., 2017). It is estimated 

that about 2 million children have been born with CP±L in China and need 

professional health care. Unlike in the U.S., the care for children with CP±L in China 

has primarily been limited to treatment by a team of oral and maxillofacial surgeons, 

plastic surgeons, and otorhinolaryngologists, but little attention has been paid to 

children’s speech issues (Wang et al., 2009). Only a few studies have recently 

investigated the speech characteristics of Chinese children with CP±L (He et al., 

2014; He et al., 2018). However, these studies were focused on use of an algorithm 

for auto-detecting hypernasality and misarticulations rather than phonetic and 

phonological characteristics in cleft palate speech. More comprehensive speech 

developmental studies in Chinese children with CP±L is warranted to provide 

grounded research on speech assessment and speech characteristics for this population 

because a large number of Chinese children born with CP±L are currently 

underserved (Kanmounye et al., 2022). 

As a perceptual assessment, the Cleft Audit Protocol for Speech-Augmented 

(CAPS-A) (John et al., 2006) has been employed in the United Kingdom cleft care 

project (Sell et al., 2015) and Scandcleft study (Willadsen et al., 2017) and further 

developed by Chapman et al. (2016) and used in the Americleft project to evaluate 

cleft speech characteristics for English-speaking individuals with cleft palate. For the 

speech of Mandarin-speaking children with cleft palate, some studies evaluated non-

oral compensatory articulation errors (Lee et al., 2009), and a few studies examined 

acoustic features (He et al., 2015; Jiang et al., 2016), but no comprehensive study has 

examined both phonetic and phonological characteristics in Mandarin cleft speech. In 

a review study, Jiang and Whitehill (2014) also identified a lack of comprehensive 

evaluation for cleft speech in Mandarin. Therefore, a systematic evaluation including 
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hypernasality, intelligibility, voice, and active and passive cleft palate characteristics 

in Mandarin-speaking children with cleft palate should be conducted. 

A number of studies have been conducted on the developmental characteristics 

of speech for Indo-European children with cleft palate from an early age to school age 

(Lien, 2020; Chapman & Hardin, 1992; Chapman et al., 2003; Scherer et al., 2008). 

Children with cleft palate have been reported to have a relatively small size of 

consonant inventory, late acquisition of obstruent consonants, and lower speech sound 

accuracy compared to age-matched typically-developing children (Chapman & 

Hardin, 1992; Lien, 2020). However, the characteristics of the phonetic inventory for 

Mandarin-speaking children with cleft palate has not been well investigated, 

especially for school-age children. 

Previous studies have also been conducted to investigate the relationship 

between the timing of palatal repair and speech accuracy (e.g., Willadsen et al., 2017). 

Chapman et al. (2008) found that children who had early palatal surgery by age 11 

months had a larger size of consonant inventory and a higher percentage of 

correctness in nasals and liquids compared to those who had late palatal surgery (i.e., 

from age 12 to 23 months) when they reached age 3 years. In European countries, soft 

palatal repair can be performed for children with cleft palates as early as 6 months of 

age (Baillie & Sell, 2020; Willadsen et al., 2017), and hard palatal repair can be 

performed at about 36 months of age (Jørgensen & Willadsen, 2020; Willadsen et al., 

2017). However, in China, a recent study by Lou et al. (2021) reported that palatal 

repair was performed as late as 10 years of age in children with cleft palate. 

Therefore, the overall surgical timing for children with cleft palate in China is 

relatively later than for Indo-European speaking children, which may result in 

different speech outcomes and different patterns of phonological development. 
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Investigation of developmental phonological processes is an essential method 

for understanding phonological characteristics in children with and without speech 

disorders. To better understand the speech characteristics of children with repaired 

cleft palate, both the phonetic features and the phonological development patterns 

should be addressed (Chapman & Willadsen, 2011; Hardin & Grunwell, 1998; 

Howard, 2011). When assessing speech in Chinese children with cleft palate, 

however, developmental phonological processes have not been fully examined. 

Investigation of the phonological processes in Chinese children with cleft palate is 

important because the findings may allow us to identify both the universal patterns 

and the language-specific features of speech in children with cleft palate (Chomsky & 

Halle, 1968; Dinnsen, 1992; Jackobson, 1941/1968).  

The theory of language-universal and language-specific characteristics has 

been used as a conceptual framework for the acquisition and development of the 

phonological system. According to Jakobson (1941/1968), children demonstrate 

universal patterns of phonological acquisition regardless of the language they speak. 

With the ‘laws of irreversible solidarity,’ Jakobson believed that the phonological 

system is a universal and stratified system with several layers; all children acquire the 

initial phonetic inventory in a universal order. Also, there is a “discontinuity” or lack 

of connection between children’s babbling vocalizations and their first words. For 

example, in the first year of life, children produce babbling with random sounds 

across languages, but in the second year of life, children produce language universal 

syllables (e.g., /ba/, /ma/, /na/, and /da/).  

Chomsky and Halle (1968) proposed the concepts of universal grammar to 

describe the essential properties of all human languages. In their theory of generative 

phonology, the bundle of universal phonetic features is considered the basic unit of 
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phonology, and rules constrain the sequential combinations of these distinctive 

features. The idea of distinctive features has been further understood in terms of 

naturalness and markedness (Trubetzkoy, 1969). Some features were viewed as more 

natural, while others were considered more marked. Marked features refer to more 

specific, complex, and salient place, manner, and voicing features within a class 

(Rice, 2007). For example, in English, /l/ is marked compared to /t/ because /l/ has 

more marked features than /t/, such as sonorant, continuant, lateral, and voiced. The 

presence of marked features implies unmarked features (e.g., the presence of voiced 

obstruents implies voiceless obstruents in English, but not the reverse) (Eckman, 

1977). The order of phonological acquisition was proposed as being related to the 

markedness of features; therefore, unmarked features could be acquired earlier than 

marked features (Dinnsen et al., 1992). In other words, feature acquisition would be a 

process of replacing an unmarked, default language universal feature with a language- 

specific feature.  

Universal tendencies in the order of consonant acquisition were explored by 

many studies. For example, McLeod and Crowe (2018) reviewed 64 studies on the 

acquisition of consonants from a cross-linguistic perspective and explored the general 

principles of consonant phoneme acquisition in 26,007 children from 30 countries in 

27 languages. Although the criteria for consonant acquisition varied across languages, 

the study found a shared pattern: Most of the world’s consonants were acquired by 5 

years of age with at least 93% accuracy. In terms of manner of consonant production 

in 27 languages, plosives, nasals, and nonpulmonic (i.e., clicks, implosives, and 

ejectives) consonants were acquired earlier than trills, flaps, fricatives, and affricates. 

In terms of place, most labial, and pharyngeal and posterior sounds (i.e., palatal, velar, 
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and uvular) were acquired earlier than sounds produced with anterior tongue 

placement (i.e., dental, alveolar, palatal-alveolar, and retroflex).  

The claim of the same order of initial phoneme acquisition proposed by 

Jackobson (1941/1968) was not consistent with a cross-linguistic study by McLeod 

and Crowe (2018), which showed cross-language variations in children’s early 

phonemic inventories. Across languages, McLeod and Crowe (2018) reported that 

consonants (e.g., /b,d,f,w/) could be acquired by English-speaking children by age 4 

years but were acquired later by Spanish-speaking children by age 5 years. Fricative 

/s/ was acquired by Japanese and Korean children by age 5 years, in the middle range 

of consonant acquisition. However, it was a late-acquired consonant for Spanish-

speaking children.  

Language-specific phonological acquisition patterns also emerged during early 

infancy. De Boysson-Bardies et al. (1989) compared the formant properties of vowels 

produced by twenty 10-month-old infants’ babbling from four different linguistic 

communities (French, English, Algerian and Cantonese), and compared these infants’ 

productions with the adult productions in each language. The results showed that 

differences between linguistic communities were greater than within-linguistic 

communities, which supported target language effects on babbling.  

De Boysson-Bardies and Vihman (1991) also found language-universal 

patterns and language-specific characteristics in infant babbling from four linguistic 

communities (i.e., French, English, Japanese, and Swedish). A high percentage of 

stops and word-initial consonants were produced in all language groups. The number 

of stops in infants babbling was similar across languages, but at the stage of emergent 

word production, a higher proportion of stops emerged in some languages than others. 

Specifically, more stops were found in English, French, and Swedish, but the opposite 



Texas Tech University Health Sciences Center, Yilan Liu, December 2022 

7 

pattern was found in Japanese. They attributed this difference in stop development 

pattern to the specific characteristics of Japanese: smaller frequency of stops in the 

language, a preponderance of longer words, and a relatively smaller proportion of 

stops in the non-initial position.  

Edwards and Beckman (2008) reported the effects of language-specific 

frequency of consonant occurrence during speech acquisition by comparing the 

accuracy of consonant production in 2- and 3-year-old children who were 

monolingual speakers of English, Cantonese, Greek, and Japanese with the phoneme 

frequency of occurrence (i.e., how often a phoneme is used) in each language. They 

also reported the universal phonotactic constraints on the accuracy of production and 

acquisition order across languages. For example, stops were produced with higher 

accuracy than affricates across languages, suggesting language-universal phonotactic 

constraints. However, a language-specific pattern was observed in Cantonese with a 

smaller difference in accuracy between /t/ and /ts/ than in Greek, because the affricate 

/ts/ is presented more frequently in Cantonese than in Greek. In Greek, stops (e.g., /t/) 

are presented more frequently than /ts/, so differences in accuracy between the two 

manner classes are greater than for Cantonese children. 

Besides the order of phoneme acquisition, phonological processes should also 

be considered in children who speak different languages. For example, both Mandarin 

and English pre-school speakers presented similar phonological processes, including 

assimilation, substitution, voicing, and syllable structure processes (Li & To, 2017; 

Stoel-Gammon, 1988). Solé (1992) examined the language-universal phonetic 

constraints and language-specific phonological factors in the case of nasalization in 

American English and Spanish. Solé compared the velum-lowering movement at 

different speech rates to evaluate the anticipatory co-articulatory effect on nasalization 
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and found that nasalization was constantly present through the vowel duration at 

different speech rates in Spanish but was inconsistent with the speech rates in 

American English. Solé concluded that the language-specific phonological process 

required the vowel segment to be fully nasalized in Spanish rather than universal 

phonetic constraints causing vowel nasalization in American English, which produced 

a more variable pattern of vowel nasalization. These studies suggest the importance of 

exploring both the common phonological acquisition and developmental phonological 

process patterns across languages.  

1.2 Phonetic and Phonology System of Mandarin 

Chinese is generally divided into at least seven dialect families: Northern, Wu, 

Xiang, Gan, Hakka, Min, and Yue (Huang & Liao, 1983; Kim et al., 2016). The 

northern dialect family refers to Mandarin and standard Chinese, which is the biggest 

branch spoken by 65.7% of the first-language Chinese speakers and covers most 

provinces in China based on a dialect map in the Language Atlas of China reported by 

Wurm et al. (1987). 

The Mandarin phonology system has been well studied. Researchers in 

Chinese phonetics and linguistics provided varied opinions on the Chinese phonemic 

inventory, especially consonants. For example, Duanmu (2007) reported that 

Mandarin has 19 consonants, 3 glides /w, j, ɥ/, and 29 consonant-glide combinations. 

However, Li and To (2017) describe 23 consonants including /w, j, r, ɻ/ in their 

systematic review of Chinese phonology acquisition studies. In a Mandarin 

phonological acquisition study, Zhu and Dodd (2000) included 22 consonants 

excluding glides /w, j/, 9 monophthong vowels, 7 diphthongs, and 3 triphthongs. 

Table 1 shows the 22 consonants used in this study in terms of manner and place. 
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Consonant manners are shown in the rows, and consonant places are shown in the 

columns.  

This current study adopted the phonological system described by Zhu and 

Dodd (2000). In terms of manner, the consonants include six stops, three nasals, six 

affricates, five fricatives, and two liquids. They are articulated in the following places 

within the oral cavity: bilabial, labio-dental, alveolar, retroflex, alveolo-palatal, and 

velar.  

There are eight consonants shared by Mandarin and English, including three 

nasal consonants /m, n, ŋ/, three stops /p, t, k/, and two fricatives /f, s/ (Zhu & Dodd, 

2000; Reed & Levis, 2015). In terms of place, Mandarin has nine speech sounds 

produced between the alveolar and palatal place, including two approximants, three 

fricatives, and four affricates at retroflex and alveopalatal places (Zhu & Dodd, 2000), 

which are different from English. English has five consonants produced in the palatal 

place, two inter-dental fricatives, and one glottal fricative, whereas Mandarin has no 

speech sounds produced at these three places. Four articulatory places are shared by 

both Mandarin and English, including bilabial, labio-dental, alveolar, and velar. In 

terms of manner, both English and Mandarin share the same manner of production for 

consonants, including stop, nasal, affricate, fricative, and liquids, although with 

variations in some features. 

Instead of the voicing contrast for consonant sounds in English, Mandarin has 

aspiration contrast. Aspiration occurs with stop and affricate consonants in the 

syllable-initial position, which is a distinct feature in Mandarin (Zhu &Dodd, 2000). 

The unaspirated stops and affricates can become voiced when they occur in an 

unstressed syllable (Duanmu, 2007). Retroflexed fricatives and affricates in Mandarin 

do not exist in English (Zhu & Dodd, 2000). 
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According to Zhu and Dodd (2000), vowels in Mandarin can be divided into 

three groups: nine monophthongs, nine diphthongs, and four triphthongs. The nine 

monophthongs are / i, y, u, ɤ, o, a, ə, ɛ, ɚ/. The nine diphthongs are /ae/, /ei/, /au/, 

/ow/,/ia/,/iɛ/, /ua/, /uo/, and /ye/. The four triphthongs are /iau/, /iow/,/uae/, and /uei/. 

Different from English, Mandarin is a mono-syllabic tonal language, and 

words are produced with four lexical tones (i.e., high level, high rising, falling-rising, 

and high falling) and a neutral tone. Compared with varied syllable structures in 

English, Mandarin only has three types of syllable structure: vowel (V), consonant-

vowel (CV), and consonant-vowel-consonant (CVC). In the syllables with CVC 

structure, only nasal consonants /n/ and /ŋ/ are permitted as the coda. The nasal 

consonant /ŋ/ is not permitted in the syllable-initial position. In addition, there are no 

consonant clusters in Mandarin, which is also different from English. These language- 

specific phonetic and phonological features in Mandarin may present in cleft speech 

of Mandarin speakers with CP±L, which has not been well investigated in previous 

studies. 

1.3 Purpose Statement and Research Questions 

The purpose of this dissertation is to explore phonetic and phonological 

characteristics in Mandarin-speaking children with repaired cleft palate, and cleft 

palate speech characteristics as determined by the commonly applied clinical 

evaluation CAPS-A. This project has four goals, which will be delineated with their 

accompanying research questions in the following paragraphs. 

The first goal is to establish the consonant inventories of a group of Mandarin-

speaking children with CP±L from ages 5 to 8 years. This goal seeks to answer the 

following questions: 
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(1) What are the differences (if any) in the size of consonant inventory 

between children with CP±L and typically-developing children without 

clefts? 

(2) Specifically, what phonetic features of Mandarin consonants are used by 

children with CP±L? 

(3) What are the differences (if any) in the size of consonant inventory among 

different age groups of children with CP±L? 

(4) What are the differences (if any) in the size of consonant inventory among 

children with CP±L who had different timing of primary surgery? 

The second goal is to examine the speech accuracy of consonant production in 

Mandarin-speaking children with CP±L between the ages of 5 and 8 years. This goal 

seeks to answer the following questions: 

(5) How does the overall speech accuracy (i.e., percentage of correct 

consonants [PCC], percentage of correct places [PCP], percentage of 

correct manners [PCM]) of children with CP±L differ from typically-

developing children without clefts? 

(6) Specifically, what are the differences (if any) in the speech accuracy of 

each distinct consonant place and manner between children with CP±L and 

typically-developing children? 

(7) How does the overall speech accuracy, and then specifically the accuracy 

of each consonant place and manner, differ among age groups of children 

with CP±L? 

(8) How does the overall speech accuracy, and then specifically the accuracy 

of each consonant place and manner, differ among children with CP±L 

who had different timing of primary surgery? 
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The third goal is to investigate phonological patterns in Mandarin-speaking 

children with repaired cleft palate from ages 5 to 8 years. This goal seeks to answer 

the following questions: 

(9) How do phonological processes in Mandarin-speaking children with CP±L 

differ from typically-developing children with no clefts? 

(10) How do phonological processes differ among age groups of children with 

CP±L? 

(11) How do phonological processes differ among children with CP±L who had 

different timing of primary surgery? 

The fourth goal is to apply the CAPS-A clinical evaluation tool in order to 

perceptually evaluate the speech and resonance characteristics produced by Mandarin-

speaking children from ages 5 to 8 years. This tool has been used in studies of 

English- and Swedish-speaking children but has not been used with Mandarin-

speaking children. This goal seeks to answer the following questions: 

(12) How do perceptual ratings on the CAPS-A differ among age groups of 

children with CP±L? 

(13) How do perceptual ratings on the CAPS-A differ among children with 

CP±L who had different timing of primary surgery? 

In this dissertation, a comprehensive review of background research is 

provided. Then, the study goals and questions are proposed. Thirdly, the study 

methodology is described. Fourthly, the study results are reported. Finally, the 

discussion and conclusions are reported.   
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Table 1.1   

Mandarin Consonants 

 
Labial Labiodental Alveolar Retroflex Alveolo-palatal Velar 

Stop p, pʰ 
 

t, tʰ  
 

k, kʰ 

Fricative 
 

f s ʂ ɕ x 

Affricate 
  

ts, tsʰ tʂ, tʂʰ tɕ, tɕʰ 
 

liquid 
  

l ɹ  
  

Nasal m 
 

n  
 

ŋ 
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2. Literature Review 

2.1 Studies of Consonant Inventory 

The size and characteristics of the consonant inventory have been mainly 

investigated for early-age, English-speaking children with repaired cleft palate. 

Chapman et al. (2003) investigated the size of true consonant inventory (TCI) in a 

longitudinal study for children with cleft palate at presurgery (age 9 months), 

postsurgery (age 13 months), and at age 21 months, in which the true consonant was 

defined as any consonant excluding glottals, pharyngeals, or glides. The size of TCI at 

presurgery was not correlated to any speech measurements (i.e., number of emerging 

consonants, number of stable consonants, size of consonant inventory, and size of true 

consonant inventory) at age 21 months, but the size of TCI at postsurgery was 

positively correlated to all of the above speech measurements at age 21 months. In 

addition, the TCI ranged from 0 to 4 for presurgery children with CP±L (when they 

were age 9 months) increased to 9 postsurgery (when they were age 13 months), and 

reached 16 when they were age 21 months. Although the size of TCI increased from 

age 9 months to age 21 months for children with CP±L, it was still significantly 

smaller than the size of TCI for typically-developing children. On average, typically-

developing children had about 5 more consonants than children with CP±L in their 

consonant inventories. This study demonstrated the difference in the size of consonant 

inventory between children with CP±L and typically-developing children at early 

ages, and the importance of early palatal surgery for increasing the size of consonant 

inventory and overall speech development. Nevertheless, the study did not provide the 

specific components of the consonant inventory (reported only the size of the 

inventory). 
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Scherer et al. (2008) conducted a longitudinal study to investigate the 

relationship between the frequency and complexity of vocalizations for children with 

cleft palate at age 6 months and 12 months and the size of the consonant inventory for 

children with cleft palate at age 30 months. At age 6 months, the size of the consonant 

inventory was smaller in children with cleft palate who babbled frequently compared 

to those who babbled infrequently. Additionally, the size of the consonant inventory 

for children with cleft palate was similar to that for typically-developing children at 

ages 12, and 30 months. For both children with cleft palate and typically-developing 

children, the size of the consonant inventory increased significantly from age 12 

months to age 30 months. 

Scherer et al. (2008) also described the phonetic inventory characteristics for 

12-month-old and 30-month-old children in both children with cleft palate and 

typically-developing children. Compared to typically-developing children, the 

children with cleft palate at age 12 months mainly produced nasal, glide, and stop 

consonants in the places of labial, alveolar, and glottal consonants and did not use any 

palatal consonants. The fricatives and stops were mostly compensatory 

misarticulations (i.e., glottal stops, velar fricatives). Although these children produced 

a variety of sounds at age 30 months, such as stops, nasals, glides, and the lateral /l/, 

the fricatives were still deficient in their consonant inventories as compared to their 

non-cleft peers. The only two fricatives produced by more than 50% of children with 

cleft palate were labial and glottal (i.e., /f, h/), but five fricatives were used by more 

than 50% of typically-developing children (i.e., /f, v, s, ʃ, h/). When compared to 

children with cleft palate at age 12 months, the production of glottal stops was greatly 

reduced by age 30 months, but the pharyngeal fricative started to be used as a 

compensatory articulation. This study provided a detailed phonetic inventory for 
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early-aged children with cleft palate, but it did not report the palatal surgery 

information for these participants. The comparison between the cleft palate group and 

typically-developing children is helpful in identifying restrictions in the acquisition of 

place and manner features.  

Chapman and Hardin (1992) examined the size and characteristics of 

consonant inventories for 10 children with cleft palate at age 2 years who had late 

palatal surgery after age 12 months. The median size of the consonant inventory was 

14, ranging from 12 to 22, including compensatory misarticulations. Although the 

children with cleft palate had relatively late palatal surgery (median age = 15 months), 

no difference in the consonant inventory size was found between the children with 

cleft palate and their age-matched non-cleft peers at age 2 years. In terms of 

characteristics of consonant inventories, the voiced alveolar fricative /z/ and voiced 

palatal affricate /dʒ/ were only found in the speech sample of typically-developing 

children, whereas the palatal fricative /ʃ/ and voiceless palatal affricate /tʃ/ were only 

noted in the speech of children with cleft palate. The interdental fricatives (i.e., /θ, ð/) 

were absent from the inventories of both groups of children. Although Chapman and 

Hardin (1992) described the speech characteristics of children with cleft palate who 

had relatively late palatal surgery, great variation among the 10 participants limited 

the impact of the study. 

Powers et al. (1990) reported the phonetic inventory for different word 

positions (i.e., word initial, word medial, and word final) in four 3-year-old children 

with cleft palate. The range of inventory sizes for the four participants was from 12 to 

15 consonants based on the twice criterion (the sounds that occurred twice or more 

were included in the phonetic inventory). They found that more word-initial 

consonants were in the inventory than those in the word-medial and word-final 
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positions, and the stops were mostly produced at the word-initial position. Fricatives, 

affricates, liquids, and glides other than /w/ were rarely produced by these four 

participants. Among these four children, three of them had received speech therapy 

(ranging from 27 to 42 sessions) prior to data collection, while the remaining one 

child had no speech therapy. The results showed that these three children who had 

speech therapy had larger average consonant inventory sizes than the one who had no 

speech therapy. 

Morris and Ozanne (2003) examined the phonetic inventory for children with 

cleft palate at age 3 years who had varying levels of expressive language abilities. The 

size of the phonetic inventory for children with delayed expressive language (DEL, 

mean = 12, ranging from 10 to 16) was significantly smaller than it was for children 

with normal language development (NLD, mean = 15, ranging from 13 to 17). More 

stops and fricatives were produced by the NLD group than by the DEL group. The 

compensatory articulations and glottal stops were only identified in the speech of 

children with DEL. This study suggests that, in addition to cleft conditions, another 

reason for less talking could be a lack of language or cognitive maturity. 

Chapman and colleagues (2008) further compared the size of consonant 

inventory for children with CP±L who had palatal repair at different ages in a 

longitudinal study. A total of 40 children were assigned to two groups based on the 

size of vocabulary assessed at age 3 to 6 months and the surgical timing. The children 

in Group 1 had smaller vocabulary size (i.e., fewer than five words from parents’ 

report) and early surgical timing (M = 11 months), while those in Group 2 had larger 

vocabulary size (i.e., more than five words from parents’ report) and relatively late 

surgical timing (M = 15 months). The results showed that children in Group 1 had a 

larger consonant inventory as well as true consonant inventory compared to the 
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children in Group 2 when they reached the age of 3 years. These findings suggested 

that for children with CP±L, the size of their vocabulary before the primary surgery 

was not associated with the size of their consonant inventory, but early surgery was 

associated with a larger consonant inventory.  

Overall, the above studies showed that typically-developing children had 

larger consonant inventories compared to children with CP±L. Among children with 

CP±L, the size of consonant inventory was greater in children who had early primary 

surgery compared to children who had late primary surgery, in children who had 

normal language development compared to children who had delayed language 

development, and in children who had received speech therapy compared to children 

who had not. No study has been conducted to analyze the phonetic inventory of 

Mandarin-speaking children with cleft palate, nor to determine whether the size and 

characteristics of Mandarin-speaking children with cleft palate differ from those of 

typically-developing pre-school children. 

2.2 Studies of Speech Accuracy 

Speech accuracy has been examined using different types of measurements, 

including the percentage of correct consonants (PCC), percentage of correct places 

(PCP), and percentage of correct manners (PCM), as well as the percentage of 

consonant accuracy specifically for each manner and each place. PCC refers to the 

percentage of consonants accurately produced in the speech sample, PCP refers to the 

percentage of consonants produced in the correct place over the total consonants in 

the speech sample, and PCM refers to the percentage of consonants produced in the 

correct manner over the total consonants in the speech sample. The percentage of 

consonant accuracy for the manners or places represents the percent correct 
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consonants produced in each manner or each place, relative to the total number of 

target manners, or total target places, respectively.  

 Lohmander and Persson (2008) conducted a longitudinal study to investigate 

speech accuracy in Swedish-speaking children with unilateral cleft lip and cleft palate 

(UCLP) who had two-stage palatal repair surgery (i.e., soft palate closure at age 6 

months and hard palate repair at age 3 to 4 years). The late hard palate surgery was 

considered influential to the speech development of children with UCLP because of 

lower speech accuracy. Speech accuracy was measured by the PCC, PCP, and PCM 

for children with UCLP and age-matched typically-developing children at ages 3, 5, 

and 7 years. The 3-year-old children with unrepaired cleft of the hard palate produced 

about 52% of consonants correctly, which was significantly lower than the PCC of 

80% in typically-developing children. At age 5 years, children with a cleft of the hard 

palate closed for about 1 to 2 years produced the consonants at about 80% accuracy, 

while typically-developing children produced all consonants 100% correctly. The 

PCC of 7-year-old children with UCLP was similar to the PCC for 5-year-old children 

with UCLP, and significantly lower than the typically-developing children. Among 

the values of PCC, PCP, and PCM, the PCC values were the lowest, followed by the 

PCP values, and the PCM value was the highest. In other words, the children with 

cleft palate produced consonant manner features more accurately than consonant 

place features. The PCM values of children with UCLP at ages 3 and 5 years were 

significantly lower than the typically-developing children, whereas the PCM of 

children with UCLP at age 7 years was similar to the typically-developing children 

with a median of 100%.  

In another longitudinal study involving a total of 125 Danish-speaking 

children, Jørgensen and Willadsen (2020) directly compared the obstruent correctness 
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of children with UCLP who had early hard palatal closure (EHPC) surgery at age 12 

months and those who had late hard palatal closure at age 36 months (LHPC). In the 

EHPC group, the accuracy of aspirated stops and /s/ significantly increased from age 

3 to age 5 years. In the LHPC group, all obstruents except for velar unaspirated stop 

/k/ increased significantly from age 3 to age 5 years. However, the mean PCC value 

of obstruents for LHPC children at age 5 years did not catch up with PCC values of 

obstruents for 3-year-old children in the EHPC group. In both groups, the unaspirated 

stops were produced with higher accuracy than aspirated stops and fricatives at the 

age of 3 years. Although children with late palatal closure showed marked 

improvement from age 3 to age 5 years, they still demonstrated low speech accuracy 

compared to children with early palatal closure. 

The speech accuracy of children with different onset timing of palatal surgery 

was also examined by Chapman et al. (2008) for 3-year-old children with cleft palate. 

They found similar PCC values for children who had early palatal surgery at age 11 

months and those who had late palatal surgery (at about age 15 months), when both 

groups reached 3 years of age. They also examined the percentage of accuracy for 

each manner feature. The percentage of accuracy in nasals and liquids was 

significantly higher in the early surgery group than in the late surgery group. Both the 

early surgery group and the late surgery group of children presented the same pattern 

in the percentage accuracy of manners. The lowest percentage of correctness was for 

liquids, followed by affricates, fricatives, stops, and nasals, while the glides were 

produced with the highest accuracy, above 89%. The lowest accuracy for liquids 

might be attributed to the late development of /r/ sounds (Shriberg,1993). No 

significant difference in the PCC of obstruents was found between the two groups 

with different surgical timing, indicating that the timing of primary surgery at age 11 
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months might not be associated with speech accuracy for children with cleft palate. 

This study examined the percentage of accuracy for each manner of consonants, but 

no analysis was conducted for each place of consonants between the two surgery 

groups. 

For 5-year-old children born with UCLP, Klintö et al. (2011) compared their 

speech accuracy using different speech assessments, such as word naming, sentence 

repetition, story retelling, and conversational speech. They found that the children 

with UCLP performed best in the word naming task, with the highest values in the 

PCC, PCP, and PCM than in other speech assessments (PCC: 86.4%, PCP: 89.9%, 

PCM: 93.5%). Similar to the pattern shown in the study of Lohmander and Persson 

(2008), the children with CP±L produced the manners of consonants more accurately 

than the place of consonants. Additionally, when using sentence repetition, the 

medians of PCC, PCP, and PCM (81.5%, 81.9%, and 87.5%, respectively) were 

slightly lower than those values reported in the study of Lohmander and Persson 

(2008) for 5-year-old children with UCLP (82.8%, 84.0%, and 93.5%, respectively). 

The word naming task was reported as the most reliable speech assessment for the 

best speech performance of a child with cleft palate. However, no analysis was 

conducted to assess the speech accuracy as a function of specific manners or places of 

articulation. 

Lien (2020) reported the total PCC, as well as PCC in different manners and 

places of articulation for children with cleft palate from ages 4 to 7 years. The mean 

PCC for all the children was 69.25%, with a range of 27.59% to 100%. In terms of 

manners, the pattern was the same as that of children with cleft palate at age 3 years, 

as reported by Chapman et al. (2008). The highest accuracy was produced with glides 

(M = 97.32%), followed by nasals (M = 92.32%), stops (M = 86.85%), fricatives (M 
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= 57.39%), affricates (M = 46.34%), and liquids (M = 43.75%). Overall, the speech 

accuracy of children from age 4 to 7 years was higher than the accuracy for children 

at age 3 years, as reported by Chapman et al. (2008). Liquids and obstruents are the 

hardest manners, whereas glides and nasals are easier to produce by children with 

cleft palate. 

In terms of articulatory places, children with cleft palate in the Lien (2020) 

study demonstrated the lowest accuracy for the palatal place of articulation (M = 

46.01%) and the highest accuracy for the bilabial place of articulation (M = 93.39%). 

The accuracy of velar sounds (M = 87.88%) was lower than that of bilabial sounds, 

and the accuracy of alveolar sounds (M = 66.61%) was lower than that of velar 

sounds. Although the author reported the descriptive results of speech accuracy for 

each age group, there was no statistical information about the age effects on speech 

accuracy in terms of manners or places of articulation.  

Morris and Ozanne (2003) used a 100-word spontaneous speech sample to 

calculate the total PCC values and the PCCs in different manners of articulation for a 

total of twenty 3-year-old children with cleft palate who had different language 

abilities. The mean PCC value of the children who had expressive language delay 

(DEL) was 41.3%, which was significantly lower than the PCC (M = 67.5%) for the 

children with normal language development (NLD). For the manners of articulation, 

the PCC values were higher in the NDL group for stops, nasals, fricatives, and liquids, 

whereas the PCCs were similar in both the NDL and DEL groups for affricates and 

glides. Additionally, for both groups, the highest values of PCC were in glides and 

nasals, followed by stops and fricatives, while the lowest values were in affricates and 

liquids. This study provided more evidence of the relationship between speech 

accuracy and language development in children with cleft palate.  
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Overall, according to the above-mentioned studies, the speech accuracy of 

children with cleft palate was lower than that of typically-developing children from 

ages 3 to 7 years. The children with repaired cleft palate showed higher speech 

accuracy than those with unrepaired palate. The children who had early palatal repair 

(before age 12 months) showed higher speech accuracy than those who had palatal 

repair after age 36 months. Children with cleft palate who had a language delay 

showed lower speech accuracy than those who had normal language development.  

2.3 Studies of Phonological Processes 

Phonological processes are systematic sound changes in children’s speech that 

affect classes of sounds and result in simplified forms of adults’ speech. These 

processes can be classified as typical phonological processes and atypical 

phonological processes (McReynolds & Elbert, 1981). Typical phonological 

processes, also called developmental phonological processes, are those used by 

typically-developing children during speech development as they are learning to talk 

(e.g., stopping, final consonant deletion) and will naturally disappear as children 

mature. However, atypical phonological processes refer to the sound patterns which 

are rarely seen in typically-developing children (i.e., glottal replacement, backing), 

and may indicate a phonological processing disorder (Edwards & Shriberg, 1983).  

In Mandarin, the typical and atypical phonological processes are different 

from those in English as classified by Edwards and Shriberg (1983). In a recent study, 

Liu and Chien (2020) investigated the typical and atypical phonological processes of 

Mandarin-speaking preschool children with co-occurring speech sound disorders and 

developmental language disorders. The following phonological processes were 

classified as typical phonological processes: backing, stopping of affricates, 

deaspiration, affrication of fricatives, stopping of fricatives, de-retroflexization, final 
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nasal deletion, reduction of lateral, and retroflexization. The atypical Mandarin 

phonological processes included initial consonant deletion, fronting, labialization, 

affrication of stops, lateralization (e.g., /ɹ/ → /l/), de-nasalization, frication of stops, 

addition of consonants, stopping of liquids or glides, aspiration, dentalization of 

bilabials (/p/ → /t/), and nasalization. 

Grunwell and Russell (1988) conducted a longitudinal study to investigate the 

phonological development of two English-speaking children with early repaired cleft 

palate from ages 0;10 months to 3;6 years. The place of sounds emerged from 

posterior to anterior, and the manner of sounds developed from nasals and 

approximants to fricatives and plosives; voiceless stops emerged around age 3 years. 

The phonological processing analysis revealed a common backing process in both 

children. One child exhibited more developmental phonological processes than the 

other, such as fronting, gliding, and stopping. The findings of this study were limited 

due to the small sample size and heterogeneous participants, resulting in extremely 

different speech outcomes at age 3 years. The findings of this study suggested that 

early palatal repair had beneficial effects on speech acquisition for children with cleft 

palate. 

Chapman and Hardin (1992) examined the phonological skills of 10 children 

at 2 years of age who had late palatal surgery conducted after at least age 12 months, 

and an age-matched control group with 5 children without cleft. The results of 

phonological process analysis suggested that children with late repaired cleft palate 

had more nasal assimilation (median frequency of occurrence = 4%) and backing 

processes (Mdn = 13.5%) compared to their non-cleft peers. The findings of this study 

also revealed great variability among individuals. The authors suggested that palatal 

surgery repair may influence phonological development because atypical articulations 
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might begin to develop during the prelinguistic stage. For example, the backing 

process (e.g., using velars for anterior target consonant sounds) still occurred 

frequently for one child after 1 year following palatal closure. The authors suggested 

that the lack of using anterior articulators (i.e., tip and front of the tongue) prior to the 

palatal closure might induce the phonological process of backing. 

Chapman (1993) conducted another study to investigate phonological 

development in children with repaired cleft palate in 3-, 4-, and 5-year-old children. A 

larger sample size was used, including 30 children with repaired cleft palate and 30 

typically-developing children. The findings revealed that children with repaired cleft 

palate presented typical phonological processes more frequently between the ages of 3 

and 4 years and that by age 5 years, they developed near normal speech. The children 

with cleft palate produced the following phonological processes more frequently than 

typically-developing children: final consonant deletion, stridency deletion, stopping, 

cluster simplification, liquid simplification, and backing.  

In addition to studies involving English-speaking children with cleft palate, 

previous studies have investigated phonological development in Swedish-speaking 

children with UCLP at different ages (Klintö et al., 2016; Klintö & Lohmander, 

2017). Klintö and Lohmander (2017) investigated phonological processes in the 

speech of 45 3-year-old children with UCLP who underwent two types of surgical 

procedure, one-stage (n = 25) and two-stage (n = 20) surgery. One-stage surgery only 

required one surgery applying a minimal incision technique at age 13 months, while 

two-stage surgery included two surgeries; the first one was soft palate repair at age 4 

months, and the second one was hard palate repair at age 12 months. They reported 

that seven phonological processes were presented in the sample of children with 

UCLP. These were backing (51%), stopping (31%), consonant deletion (20%), gliding 
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of /r/ to /j/ (18%), gliding of /l/ to /j/ (13%), nasalization (11%), and cluster reduction 

(11%). They also found that children treated with two-stage surgery produced more 

phonological processes than children who underwent one-stage surgery.  

Klintö et al. (2016) also compared the speech outcomes in children with 

UCLP at age 3 years to children with UCLP at age 5 years. At age 5 years, backing 

(exhibited in 35% of participants) was the most common phonological process noted 

in the UCLP group, followed by cluster reduction (24%), glottalization (> 10%), and 

nasalization (> 10%). No statistical comparisons between the frequency of 

occurrences of phonological processes were made among different age groups of 

children with UCLP. The authors also mixed articulatory processes and phonological 

processes together. For example, the /s/ distortion, lateralization, and /h/ preference 

were included in the analysis of phonological processes.  

Shahin (2006) examined the phonological system of three Arabic-speaking 

children with repaired cleft palate. Unlike English, the Arabic consonant inventory 

includes pharyngeal fricatives, pharyngeal approximants, glottal stops, uvular stops, 

uvular fricatives, and uvular approximants. For English-speaking children with cleft 

palate, pharyngeal and glottal articulations have been used as compensatory 

articulations to substitute for the coronal obstruents. However, for Arabic speakers, 

Shahin (2006) found that they continued to use a backing process and produced 

compensatory pharyngeal and glottal articulations to substitute for stops and alveolar 

fricatives, which neutralized the phonemic contrast in the children’s phonological 

system since the glottal stops or pharyngeal fricatives can be either target sounds or 

compensatory misarticulations. This finding indicates that the backing process may be 

cross-language universal for children with cleft palate. 
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Al-Tamimi et al. (2011) examined 15 Arabic-speaking children with CP±L in 

Jordan and reported depharyngealization and lateralization (i.e., /r/ → /l/) in addition 

to backing, stopping, fronting, syllable reduction, devoicing, gliding, de-affrication, 

and final consonant deletion processes that were commonly seen in English-speaking 

child studies. In Arabic, emphatic consonants are pharyngealized consonants with a 

primary constriction and a secondary pharyngealization, such as two alveolar 

emphatic plosives (a voiced /dʕ/and a voiceless /tʕ/) and two emphatic alveolar 

fricatives (a voiced /ðʕ/ and a voiceless /sʕ/). This study reported that children with 

CP±L used palatal fricatives for nonemphatic sibilants (e.g., /s/→/ç/) and used more 

retracted sounds (e.g., preglottalized pharyngeal stop /ʔʡ/) for emphatic cognates (e.g., 

/tʕ/). Also, since the glottal stop is included in the Arabic phonemic system, the 

children used a creaky voice in the compensatory glottal articulation for the plosives, 

but they used complete glottal stops for the targeted glottal stops in the Arabic words 

in order to avoid phonemic neutralization and make distinctive features in glottal 

production. These findings suggested that children with cleft palate used a backing 

process and produced glottal and pharyngeal compensatory articulations even when 

they had these sounds in their phonemic repertoire.  

Recently, Nachmani et al. (2021) investigated the phonological profiles of 808 

Hebrew-speaking individuals with velopharyngeal dysfunction (VPD), ranging from 3 

to 29 years of age. Among them, 620 individuals with structural deficits of the palate, 

such as cleft palate only (CP), cleft lip with cleft palate (CLP), submucous cleft palate 

(SMCP), and occult submucous cleft (OSMCP), and 108 individuals with functional 

anomaly of the palate without a cleft (non-CP). Among all of the phonological 

processes, devoicing occurred in the most participants (12%), followed by cluster 

reduction (10%), fronting (8.2%), stopping (5.6%), final consonant deletion (5.3%), 
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backing (3.7%), and syllable-initial consonant deletion (1.6%). Overall, phonological 

processes decreased with age. The following processes were reported to be 

significantly lower in individuals between the ages of 6 to 9 years compared to 

individuals between the ages of 3 and 4 years: stopping, final consonant deletion, 

syllable-initial consonant deletion, and syllable deletion. For different types of palatal 

anomaly, individuals with CP had the highest presence of phonological processes, 

with at least one phonological process found in 44% of participants (61/138), while 

individuals with OSMCP produced the fewest phonological processes. Stopping and 

fronting occurred significantly more frequently in the speech of the CP group than in 

other groups.  

Lee et al. (2009) reported that 20 Mandarin-speaking children with repaired 

cleft palate from age 3 to age 5 years exhibited four phonological processes which 

were not present in the non-cleft group. These phonological processes included 

nasalization, vowel deletion, idiosyncratic /g/-preference, and idiosyncratic /h/-

preference. Nasalization, syllable-initial consonant deletion, /x/ velarization (i.e., 

target coronal consonants produced as velar fricative /x/), and idiosyncratic /g/-

preference occurred significantly more frequently in the cleft palate group, whereas 

liquid replacement substitution (/ɹ/ → /l/), assimilation and /n/ for /ŋ/ replacement 

occurred more frequently in non-cleft group. This study specifically listed the 

phonological processes based on the phoneme change, but some phonological 

processes can be grouped into the same categories. For example, /x/ velarization is a 

form of backing, and /n/ for /ŋ/ replacement is a form of fronting. This study 

conducted a picture-naming task with target stimuli to collect speech samples and 

analyzed the occurrences for each phonological process and the number of children 

exhibiting each process in the sample. The opportunities for occurrences of each 
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phonological process were different in the naming task. For example, there were 63 

syllable-initial consonants in the target words but only 12 final consonants in the 

target words. If the child exhibited three occurrences of syllable-initial consonant 

deletion, it should not be identified as a confirmed phonological process (based on 

>20% criteria) because it only occurred 4.8% of the time (on 3/63 opportunities) in 

the child’s speech (McReynolds & Elbert, 1981). However, if the child had three 

occurrences of final consonant deletion, the final consonant deletion should be 

confirmed as a phonological process because it occurred 25% of the time (on 3/12 

opportunities) in the child’s speech. Thus, although Lee et al. (2009) noted the 

present/absent occurrence for each phonological process, the comparison can be 

further specified based on the frequency of occurrence within opportunities for the 

target sounds.  

Min (2019) described and compared the phonological processes presented in 

246 Mandarin-speaking children with repaired cleft palate across three age groups: 

school-age group (7-12 years, n = 131), youth group (13-17 years, n = 53), and adult 

group (18+ years, n = 62). The alveolar ridge was reported as the most affected 

articulatory place for all three age groups, and compensatory articulations were also 

identified in all three age groups. Substitution occurred more frequently in the school-

age group compared to the other two age groups. In the youth-age group, omission 

occurred mostly for the unaspirated stops and affricates. In the adult group, backing 

occurred more frequently compared to the other age groups, and mainly presented as 

backing for targeted alveolar sounds. The author also reported instances of decreased 

substitution, increased compensatory articulation, and similar occurrence of omission 

across age groups. However, this study was descriptive in nature and did not employ 

statistical comparisons among the three age groups.  
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It is necessary to examine the phonological studies in typically-developing 

children to understand the phonological development (i.e., phoneme acquisition 

sequence, phonological processes) in children with repaired cleft palate. The findings 

of phonological development for Mandarin-speaking children across studies can be 

used as a reference for examining the phonological processes in children with cleft 

palate. Li and To (2017) conducted a systematic review of the phonological 

development of typically-developing Mandarin-speaking children. Stops and nasals 

were acquired earlier than most fricatives and affricates, and retroflex consonants 

were acquired last. Coronal consonants were acquired earlier than most dorsal 

consonants. All vowels were acquired by age 3 years, and final nasal consonants 

emerged by age 3 years as well.  

Because Mandarin is a tonal language, the acquisition of tones should be 

considered in the analysis of phonological development. Across studies in the review 

by Li and To (2017), findings were consistent regarding lexical tones: lexical tones 

were acquired earlier than segmental elements and were completed by about 2 years 

of age (So & Zhou, 2000; Zhu & Dodd, 2000).  

The phonological processes reviewed by Li and To (2017) revealed large 

variations in the categorization among studies, but syllable-initial consonant deletion 

was noted in the majority of studies and suppressed by age 3 years, and de-

retroflexization occurred most frequently among all of the phonological processes. 

Backing, stopping, affrication, and de-aspiration occurred less frequently as age 

increased. Lateralization (i.e., /r/ → /l/) and labialization were suppressed by age 3 

years; gliding, assimilation, frication, and aspiration were suppressed by age 4 years; 

backing and velarization were suppressed by age 5 years; stopping, affrication, de-
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retroflexization and de-aspiration still occurred at age 6 years. The review did not 

include information regarding phonological development beyond age 6 years.  

The effect of dialectal differences on phonological acquisition was also 

discussed by Li and To (2017) and others. For example, children from Beijing 

acquired retroflex sounds earlier than children from other regions, which may be 

attributed to the wide use of rhotacization (‘r’ suffixation) in Beijing dialect because 

similar tongue movements are used for retroflex sounds (So & Zhou, 1998). Late 

acquisition of affricates may be found in children who speak Nanjing and Chengdu 

dialects, in which some affricates and fricatives are allophones (i.e., /tsh, ts, s/) (Wang 

& Smith, 1997; Li and To, 2017). Therefore, using the speech sample from the same 

dialect region was recommended for a more homogenous group of participants.  

 In summary, the above phonological process studies for children with cleft 

palate suggested that older children with cleft palate demonstrated fewer phonological 

processes than the younger ones. Children with cleft palate demonstrated similar use 

of typical phonological processes (e.g., final consonant deletion, stopping, cluster 

reduction, gliding) compared to the typically-developing children, but they presented 

more atypical phonological processes (e.g., backing, glottalization) than typically-

developing children. Children who had two-stage surgery procedures and those who 

had more severe types of cleft palates used more occurrences of phonological 

processes than those who had one-stage surgery with less severe types of cleft palates.  

2.4 Studies of Cleft Palate Speech Characteristics 

The most notable speech errors of people with cleft palate are obligatory disto-

rtions and compensatory misarticulations, both of which are associated with velophar-

yngeal dysfunction (Peterson-Falzone et al., 2010). Obligatory distortions, also known 

as passive speech characteristics, occur when articulatory place is correct but an 
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impairment in the structure or physiology results in speech distortion, such as 

hypernasality, passive nasal air emission, and weak consonants (Harding & Grunwell, 

1998; Kummer, 2013). Velopharyngeal surgeries are required for children with cleft 

palate to reduce these obligatory distortions (Peterson-Falzone et al., 2010).  

In contrast to obligatory distortions, compensatory misarticulations (CMAs) in 

the speech of children with repaired cleft palate result from incorrect placement of 

articulators, which are learned as a means to compensate for velopharyngeal 

insufficiency during early speech development and are actively produced in the 

speech rather than passively presented because of structural impairment (Peterson-

Falzone et al., 2010). The CMAs are maladaptive articulations that remain post-

palatal repair and require speech therapy to correct (Kummer, 2013). The typical non-

oral compensatory misarticulations that have been associated with the speech of 

children with repaired cleft palate include glottal stops and active (i.e., deliberately 

produced) nasal fricatives (Hardin-Jones & Chapman, 2022; Zajac, 2015).  

2.4.1 Obligatory Distortions 

Hypernasality is defined as increased nasal resonance in speech, which is often 

perceived as excessive nasal quality, particularly on vowels and voiced consonants 

(Lee et al., 2009). Hypernasality is caused primarily by velopharyngeal insufficiency, 

but a thin velum in children with submucous clefts may also cause hypernasality 

(Kummer, 2013). Previous studies have investigated the beneficial effects of palatal 

repair surgery on hypernasality. In a retrospective study, Khosla et al. (2008) reported 

that 83% of 140 children who had Furlow Z plasty palatal repair surgery by 18 

months of age had no presence of hypernasality. In terms of timing of surgery, no 

significant difference in hypernasality was noted between children with cleft palate 



Texas Tech University Health Sciences Center, Yilan Liu, December 2022 

33 

who had palatal repair surgery before 12 months of age and those who had surgery 

after 12 months but not later than 18 months of age. 

In the Scandcleft project, Lohmander et al. (2017) compared the perceptually 

estimated hypernasality and velopharyngeal competence for 5-year-old children with 

UCLP randomized to different surgical protocols for primary palatal repair: A. soft 

palate closure at age 3-4 months, hard palate closure at age 12 months; B. soft palate 

closure at age 3-4 months, hard palatal closure at age 36 months; C. soft and hard 

palatal closure at age 12 months; D. soft palatal closure at age 3-4 months with hard 

palate vomer flap. There was no significant difference in velopharyngeal closure and 

hypernasality based on different timing of primary palatal repair surgery, which was 

consistent with the findings reported by Khosla et al. (2008). However, approximately 

50% of children with repaired UCLP still presented mild to severe hypernasality, 

which was more than the 17% reported in the study of Khosla et al. (2008). This 

disparity could be attributed to the type and severity of cleft palate for the 

participants. 

The UK cleft care study (Sell et al., 2015) reported only 10.2% of 245 children 

at age 5 years had hypernasality, indicating improvements in UK speech outcomes in 

5-year-olds compared to a previous study conducted in 1998 for UK children with 

CP±L (Sell et al. 2001). Sell et al. (2015) contributed the improvement of speech 

outcomes to the development of multidisciplinary teams in speech services over the 

last 15 years for children with CP±L.  

In addition to hypernasality, audible nasal emission is another type of 

obligatory distortion in the speech of children with cleft palate. Audible nasal 

emission occurs when air passes through the nasal passageways and generates an 

audible turbulent noise (Peterson-Falzone et al., 2010). The sound of obligatory nasal 
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emission was described variously by different studies. In a brief review of nasal 

emission, Oren et al. (2020) summarized the following terms that have been used to 

describe the obligatory nasal emission: “Nasal turbulence” refers to noise created by 

soft tissue vibrations or secretion bubbling (Peterson-Falzone et al., 2010). “Nasal 

rustle” was used by Kummer and her colleagues to describe the sound of secretion 

bubbling in the nasopharynx (Kummer et al., 1992; Kummer et al., 2003). “Velar 

flutter” was used by Trost (1981) and further used by Zajac and Preisser (2016) to 

describe the fluttering noise created by velar tissue vibrations during the production of 

unvoiced fricatives. Obligatory nasal emissions are caused by velopharyngeal 

insufficiency, which may require surgery or medical treatment and cannot be 

eliminated by speech therapy intervention (Harding and Grunwell, 1998).  

The term “audible nasal emission” used in the CAPS-A (John et al., 2006) was 

more specific the definition used in the Oren et al. (2020) study. John et al. (2006) 

categorized nasal airflow into audible nasal emissions and nasal turbulence. The 

audible nasal emission refers to abnormal nasal air flow, while the nasal turbulence 

refers to abnormal turbulent noise. The current study adopted the definitions of 

“audible nasal emission” and “nasal turbulence” from the study of John et al. (2006). 

2.4.2 Compensatory Misarticulations 

Glottal stops are the most common CMAs produced by children with repaired 

cleft palate (Peterson-Falzone et al., 2010). High-pressure consonants, such as oral 

stops, fricatives, and affricates, are most likely to be substituted as glottal stops in the 

speech of children with repaired cleft palate (Hardin-Jones et al., 2022). For 3- to 5-

year-old children who speak Mandarin, Lee et al. (2009) reported that 75% (15/20) of 

them presented glottal stops as CMAs, while no glottal production was noted for 20 

typical-developing children. Of the 20 children in this study with repaired cleft palate, 
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five children had velopharyngeal management surgery, and only one child had speech 

therapy. 

In previous studies, nasal fricatives, one of the most common CMAs, were 

described with varied terminologies. Harding and Grunwell (1998) used “active nasal 

fricatives” to describe anterior nasal fricatives, produced by actively directing nasal 

air flow through nasal passageways and used to substitute for oral fricatives. Active 

nasal air flow or turbulence produced by maladaptive articulators’ movements is 

different from obligatory nasal turbulence, requiring different types of intervention. 

Harding and Grunwell (1998) listed pharyngeal fricatives in a separate category from 

“active nasal fricatives.” Using various types of terminology to describe nasal air flow 

may be confusing for readers and clinicians.  

In a recent study, Zajac (2015) clarified the nature of nasal fricatives and 

categorized active nasal fricatives as including anterior nasal fricatives and posterior 

nasal fricatives (i.e., pharyngeal fricatives) because both are active articulations in that 

the speaker actively directs airflow through the nose rather than the oral cavity. Based 

on acoustic analysis, Zajac (2015) reported that anterior nasal fricatives had relatively 

less energy than posterior nasal fricatives due to greater fluttering noise created by 

tissue vibration or bubbling of secretions during posterior sound production. 

Perceptually, the characteristics of posterior nasal fricatives are similar to obligatory 

distortions and may not be distinguishable without knowing the anatomic or 

physiological levels of velopharyngeal sufficiency. In addition, obligatory nasal 

turbulence can be a trigger for the development of a posterior nasal fricative, which is 

a compensatory misarticulation. Zajac (2019) found that nasal turbulence produced 

before velopharyngeal management was mislearned as a phonological process of 

posterior nasal fricative substitution for oral fricatives post-surgery. To date, no 
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known study has been conducted to investigate the use of active nasal fricatives by 

Mandarin-speaking children with repaired cleft palate. 

 Intervention through early surgery and speech therapy has been associated 

with reduced prevalence of non-oral CMAs for children with repaired cleft palate 

(Hardin-Jones & Chapman, 2022). In a recent study, Baillie and Sell (2020) reported 

that only 2 out of 391 5-year-old children with cleft palate used glottalizations, and 

they attributed this low prevalence to the early age of surgery (mean = 6.6 months). In 

another recent study of Mandarin-speaking individuals with cleft palate, Lou et al. 

(2021) found that 47% of (42/89) adults who had not undergone secondary 

velopharyngeal surgery or speech therapy and 74% of (26/35) adults with unrepaired 

cleft palate exhibited pharyngeal and glottal articulations. However, the study did not 

differentiate the obligatory distortions from CMAs for adults with unrepaired cleft 

palate. All the above-mentioned obligatory distortions and CMAs associated with 

children with cleft palate may influence speech intelligibility and speech development 

(Chapman & Willadsen, 2011; Kalita et al., 2019). 

2.5 Studies Using CAPS-A 

To evaluate speech produced by individuals with cleft palate, perceptual 

assessment for the speech production of children with repaired cleft palate has been 

considered the "gold standard" in clinics. However, inconsistent evaluation protocols 

used by different hospitals, clinicians, and researchers rendered cross-setting speech 

outcomes difficult to compare (Chapman et al., 2016; Henningsson et al., 2008; John 

et al., 2006). Therefore, standardized protocols were created to compare the speech 

outcomes of individuals with cleft palate across settings and even across languages 

(Chapman et al., 2016; Harding et al., 1997; Henningsson et al., 2008; John et al., 

2006). 
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Harding et al. (1997) developed the Cleft Audit Protocol for Speech (CAPS), 

which was further revised into an augmented version, the CAPS-A, by John et al. 

(2006) and then used in the UK cleft care project (Sell et al., 2015) and the Scandcleft 

study (Willadsen et al., 2017). The CAPS-A measures the speech of individuals with 

cleft palate in the following areas: intelligibility, voice, hypernasality, hyponasality, 

nasal emission, nasal turbulence, nasal fricative, grimace, oral cleft type 

characteristics (oral CTCs), non-oral CTCs, passive CTCs, noncleft speech errors, and 

need for speech therapy. Chapman et al. (2016) developed a modified version of the 

CAPS-A (CAPS-A Americleft Modification). The modified version was similar to 

CAPS-A, with only minor modifications in wording and the deletion of the grimace 

rating. All the above-listed perceptual assessments have been employed for 

understanding cleft palate speech in English- or Indo-European language speakers but 

have not been used for Mandarin speakers. 

Jiang and Whitehill (2014) identified a methodology issue in research 

investigating speech errors in Mandarin speakers with cleft palate. They found lack of 

a standardized perceptual assessment to evaluate the speech production of this 

population and described four main features of the Mandarin phonological system that 

are different from English. First, the syllable structure of Mandarin is monosyllabic, 

with only two nasal consonants (/n/ or /ŋ/) permitted as a coda. Second, Mandarin has 

three pairs of affricates, while English only has one pair. Third, Mandarin has a 

retroflexed contrast which does not exist in English. Fourth, Mandarin is a tonal 

language with four lexical tones and a neutral tone. These language-specific features 

may result in different cleft palate speech characteristics. Therefore, the existing 

perceptual assessment protocols developed for English or other Indo-European 
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language speakers with cleft palate need to be modified for Mandarin speakers. 

However, no Mandarin version of CAPS-A has been developed to suit this need.  

The UK cleft care study investigated the prevalence of outcomes for each of 

the speech parameters in the CAPS-A for 248 5-year-old children with repaired cleft 

palate (Sell et al., 2005). Two trained SLPs were employed to perceptually rate the 

CAPS-A elements with video-recorded speech samples. The study reported that 10% 

of (25/245) 5-year-old children with repaired cleft palate presented with 

hypernasality, 15% of (36/247) participants presented with nasal emission, and 30% 

of (75/247) participants presented with nasal turbulence. In terms of active CTCs, 

23% of (58/248) participants exhibited anterior oral CTCs, 15% (36/247) showed 

posterior oral CTCs, and only 10% (25/248) exhibited non-oral CTCs, including 

glottal stops and nasal fricatives. The study also found that 7% of (18/247) 

participants produced passive CTCs. However, this study did not report the surgery 

timing information or the velopharyngeal competence of the participants. 

In the Scandcleft project, Willadsen and his colleagues (2017) compared the 

presence of CTCs in a total of 391 5- to 8-year-old children with cleft palate who 

underwent different surgical protocols. The CTCs were only confirmed as present 

when they occurred more than three times. Higher occurrences of retracted oral errors 

(i.e., labial, coronal target consonants produced with a dorsal place of articulation) 

were noted in the speech of children who had late hard palatal closure at 36 months of 

age compared to those who had early palatal closure at 12 months of age. No 

significant differences were found in passive CTCs or non-oral active CTCs between 

the late and early surgery groups of children with cleft palate. 

Both the UK cleft care study and the Scandcleft study used CAPS-A 

parameters to measure the speech outcomes of children with cleft palate. However, 
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neither of them investigated the age effects on the CTCs. In a longitudinal study, 

Jørgensen and Willadsen (2020) found the frequency of CTCs in the speech of 

children with cleft palate at age 3 years was a significant predictor of the percentage 

of obstruent correctness at age 5 years. Normal developmental errors decreased from 

ages 3 to 5 years, but CTCs did not significantly change during that time. In addition, 

significantly fewer CTCs were found in children who had early palatal surgery at age 

12 months compared to those who had late palatal surgery at age 36 months. These 

findings suggest the beneficial effects of early surgical intervention in reducing cleft 

palate speech errors. 

To our knowledge, the CAPS-A has not been used to measure the speech 

outcomes of Mandarin-speaking children with cleft palate. The effects of ages and 

surgical timings on cleft palate speech characteristics in children who speak Mandarin 

should also be investigated using the CAPS-A to determine whether or not Mandarin-

speaking children differ from children who speak Western languages. 
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3. Methods 

3.1 Data Source and Participants 

Deidentified speech samples of monolingual Mandarin-Chinese speaking 

children with repaired cleft palate were obtained from an existing database. The 

database included children with cleft palate at the West China Hospital of 

Stomatology (WCHS). The database included 456 children (227 males and 229 

females) whose age ranged from 5 to 12 years. The current study extracted speech 

samples of 46 children between the ages of 5;0 and 8;11 years (M = 6.7, SD = .98). A 

total of 22 had cleft lip with cleft palate, and 24 had cleft palate only. A total of 9 

children had primary palate surgery by age 12 months, 18 children had primary 

surgery between the ages of 1 and 3 years, and the remaining 19 children had primary 

palate surgery after 3 years of age. According to the hospital report, 3 children 

showed hearing loss: 1 had bilateral mild conductive hearing loss, 1 had left ear 

severe mixed hearing loss, and 1 had bilateral mild to moderate conductive hearing 

loss. The hospital report did not provide any information regarding whether or not 

ventilation tubes had been inserted. Speech samples were collected in a recording 

booth with computer recorder (CPU: Inter Core I7-7820, Sound card: rme ucx) and a 

professional microphone (LEWITT LCT940) at the sampling frequency of 44100Hz 

and saved as WAV files.  

Deidentified speech samples of 37 age-matched, typically-developing children 

(Mean age 7;1) were also obtained. They were monolingual Mandarin-speaking 

children without any sensory, physical, intellectual, or social disabilities based on 

parental reports and/or educational records. The speech samples of the typically-

developing children were collected at an elementary school in China. Speech samples 

were recorded in a quiet classroom using a portable recorder (Sony ICD-PX 470) at 
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the sampling frequency of 44100Hz and saved as WAV files. Table 3.1 shows the 

number of participants in this study as a function of age and group type (i.e., children 

with CP±L and typically-developing children). Rows show participants’ age ranges 

and group types; columns show the specific number of participants by total and 

gender.  

3.2 Materials 

A total of 84 Mandarin-Chinese words were used to elicit speech samples (see 

Appendix A). These words were selected to elicit 21 Chinese consonants in the word-

initial position, including 5 fricatives, 6 stops, 6 affricates, 2 approximants, and 2 

nasals. Each consonant was elicited in four different vowel contexts (21 consonants   

4 vowels), including three corner vowels /a/, /i/, and /u/ and one other vowel (i.e., 

/ou/, /ei/, or /ɔ/). Each word was elicited once. The same words have been used in 

previous studies for Mandarin-speaking children with repaired cleft palate (He et al., 

2018; He et al., 2020). Each child was asked to produce the target words following the 

clinician’s model.  

3.3 Transcription and Reliability 

The following research assumptions were identified: 1. Demographic 

information regarding participants (i.e., age, gender, primary palatal surgery time) 

provided by the Chinese hospital was accurate. 2. The speech samples were collected 

using valid and reliable procedures. The recorders were calibrated and set at a 

consistent sampling frequency prior to the data collection. 3. The hospital clinicians 

followed a consistent protocol during data collection (e.g., read each target word one 

at a time and waited for participants’ repetition without extra prompts). 4. This 

researcher and the second listener differentiated speech distortions and 

misarticulations compared to typical speech during transcription and accurately 
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distinguished between different levels of CAPS-A parameters during the rating 

process. 5. Transcriptions and CAPS-A ratings were consistent for all of the 

participants.  

The deidentified speech data from both groups were transcribed by this author. 

Transcription was written using the International Phonetic Alphabet (IPA) symbols 

with diacritics. Inter-rater reliability was performed through a random selection of 

20% of the samples (n=17) by another PhD student whose first language was 

Mandarin and who was trained in IPA transcription specific to cleft palate 

characteristics. Point-by-point agreement was assessed for manner and place of 

production, and discrepancies in transcriptions were resolved through consensus 

listening. To calculate the percentage of agreement, the total number of agreements 

was divided by the total number of agreements plus disagreements, and this quotient 

was multiplied by 100%. Interrater agreement was 92% between the first rater and the 

second rater.  

Intra-rater reliability for phonetic transcription was performed for a random 

selection of 22% of the speech samples of children with CP±L (n=10). Approximately 

6 to 8 months separated initial phonetic transcription and secondary transcriptions for 

reliability; point-by point agreement for place and manner of production was assessed. 

Percent agreement for intra-rater reliability was 96%. 

3.4 Missing Data  

Missing data were excluded from the speech analysis if they met one of the 

following criteria: (1) the child omitted the target word and was not prompted to elicit 

the word, or (2) the environmental noise or the clinician’s modeling obscured the 

child’s production. If there were more than 9 missing words in one participant’s 

speech sample (84 words total), the participant was excluded from the project. In 



Texas Tech University Health Sciences Center, Yilan Liu, December 2022 

43 

total, 29 out of the total 3,864 speech samples (46 children  84 words) were missing 

for children with CP±L, and 12 out of the total 3,108 speech samples (37 children  

84 words) were missing for typically-developing children. No participant had more 

than 9 missing words; therefore, no participant was excluded from this study. 

3.5 Statistical Analyses  

This non-experimental research study had three independent variables: cleft 

group, age, and timing of surgery. The cleft group had two levels (i.e., children with 

cleft palate and typically-developing children); the age variable had four levels (i.e., 5 

years old, 6 years old, 7 years old, and 8 years old); and the timing of surgery variable 

had three levels (i.e., before 1 year, between 1 and 3 years, and after 3 years). These 

three independent variables were used in the first three research goals to investigate 

the consonant inventory, speech accuracy, and phonological processes of participants. 

For the fourth research goal, only age and timing of surgery were used to investigate 

the cleft speech characteristics using a perceptual evaluation protocol, the CAPS-A 

(John et al., 2005).  

 The dependent variables were as follows: size of consonant inventory (in 

research questions 1, 3, and 4), overall speech accuracy variables (in research 

questions 5, 7, 8, and 9), percent correct for place features (in research questions 6, 7, 

8, and 9), percent correct for manner features (in research questions 6, 7, 8, and 9), 

phonological process (in research questions 9, 10, and 11), and CAPS-A ratings (in 

research questions 12 and 13). Of these six variables, five variables have multiple 

levels. The size of consonant inventory is a single level ratio variable.  

 The speech accuracy variable had three levels: PCC, PCM, and PCP. The 

“percent correct for each place” variable had five levels: labial, alveolar, alveopalatal, 

retroflex, and velar. The “percent correct for each manner” variable had five levels: 
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affricate, fricative, liquid, nasal, and stop. The “phonological process” variable had 

four categories: syllable changes, place changes, manner changes, and voicing 

changes. The confirmed phonological processes were employed as additional levels 

for each category. The CAPS-A variable included perceptual ratings on 18 parameters, 

which will be described in the section of CAPS-A analysis.  

Data were analyzed using IBM SPSS Statistics (Version 27) for each of the 

research questions. Data normality was tested because of potential distributional 

differences between children with CP±L and typically-developing children. Speech 

and language were well-established in typically-developing children from ages 5 to 8 

years, but great variations were observed in the speech of children with CP±L. Also, 

the number of participants was neither evenly distributed across age groups nor across 

children with CP±L who had different surgery times. Therefore, the Shapira Wilk W 

test was performed to check data normality for continuous variables (i.e., size of 

consonant inventory variable, speech accuracy variables, and phonological processes 

variables). The results suggested that the distribution of the above variables departed 

significantly from normality. Based on this outcome, non-parametric tests were used, 

and the median with the range were used to summarize the variables. The Mann-

Whitney U test was performed when only two groups comprised the independent 

variable. The Kruskal-Wallis H test was performed when more than two groups 

comprised the independent variable. A pairwise post hoc test was conducted if a 

significant difference emerged. The following sections will describe the analysis 

procedure for each research question.  

3.6 Consonant Inventory  

The deidentified speech data from both groups were uploaded into the Phon 

software, categorized by participants, and segmented into each word. Phon is a free, 
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open-source, software program designed to document, manage, and analyze phonetic 

and phonological data (Rose et al., 2006). This dissertation used Phon functions to 

analyze phonological units (i.e., phones, phonological features, and tones). The Phon 

software provided the following functions: played and segmented the media files; 

documented and compared the IPA transcription of target speech sounds to the actual 

speech production; obtained phonetic inventory for each participant and analyzed the 

phonological process using Phonex language. The phonological process function will 

be further described in section 3.8. 

To document the consonant inventory for each participant, the IPA 

transcription of target speech samples and the IPA transcription of actual production 

of participants for each word were typed into the Phon software (Hedlund & Rose, 

2020). The total number of unique consonants and the total number of each consonant 

produced by each participant were obtained using the phonetic consonant inventory 

function in the Phon software. For example, if a participant produced /b, b, p, k, m, m, 

m/, the total number of unique consonants produced by this participant is four (i.e., /b, 

p, k, m/), and the total number of each individual consonant production is as follows: 

two for /b/, one for /p/, one for /k/, and three for /m/. Phon reported the above two 

numbers, and then the researcher calculated the size of consonant inventory based on 

the criterion that a sound could only be included in the consonant inventory if it was 

produced correctly at least twice in the speech sample. For the above example, the 

size of consonant inventory for that participant was two, including /b/ and /m/, 

because /p/ and /k/ were only produced once.  

Consistent with previous studies (Chapman & Hardin, 1992; Lien, 2020), a 

sound was identified in a child’s phonetic inventory when it was produced correctly at 

least twice in the speech sample. For example, if a child produced /tu/ for the target 
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word /su/ and produced /ta/ for /sa/, the sound /t/ was included in the child’s phonetic 

inventory because the child could accurately say the /t/ sound. The size of consonant 

inventory for each participant, including both children with CP±L and typically-

developing children, was calculated by the researcher based on the total number of 

unique consonants and the total number of each consonant reported in Phon. The 

missing sounds (i.e., those sounds that were not in a participant’s consonant 

inventory) were documented and counted.  

Research question 1: What are differences (if any) in the size of consonant 

inventory between children with CP±L and typically-developing children without 

clefts? To answer research question 1, descriptive analysis (e.g., median and range) 

was conducted for the size of consonant inventory for both children with CP±L and 

typically-developing children. A Mann Whitney U test was conducted to compare the 

size of consonant inventory between children with CP±L and typically-developing 

children.  

Research question 2: Specifically, what phonetic features of Mandarin 

consonants are used by children with CP±L? To address research question 2, the 

presenting sounds and missing sounds for each child with CP±L were listed and 

described in terms of articulatory place and manner. 

Research question 3: What are differences (if any) in the size of consonant 

inventory among different age groups of children with CP±L? To answer research 

question 3, a Kruskal-Wallis H test was conducted to compare the size of consonant 

inventory for children with CP±L among four age groups.  

Research question 4: What are differences (if any) in the size of consonant 

inventory among children with CP±L who had different timing of primary surgery? 

To answer research question 4, a Kruskal-Wallis H test was conducted to compare the 
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size of consonant inventory for children with CP±L among the three surgical timing 

groups. 

3.7 Speech Accuracy Analyses 

The measurements for overall speech accuracy included PCC, PCM, and PCP. 

In addition, the percent correct for each consonant place (i.e., labial, alveolar, 

retroflexed, alveopalatal, and velar) and for each manner (i.e., stop, fricative, affricate, 

nasal, and approximant) was calculated separately.  

Following Shriberg et al. (1997), the PCC was calculated using the following 

formula: the number of correct consonants divided by the total number of consonants 

*100. The PCC was calculated for each child for all of the speech samples as a total 

PCC. The PCP and PCM have been used in previous studies to determine the speech 

accuracy in children with cleft palate (Lohmander & Persson, 2008; Klintö et al., 

2011). The PCP was calculated as the ratio between corrected places produced by the 

child over the total number of target productions at each place. The PCM was 

obtained from the correct productions of manner divided by the total number of target 

productions for each manner.  

Table 3.2 shows an example of calculation of PCC, PCP, and PCM for a 

speech sample with three words. Rows show the realization, total number of target 

consonants (TTC), total number of correct consonants (TCC), total number of correct 

places (TCP), and total number of correct manners (TCM) for target words. Columns 

show the values of these measurements for each participant. On the bottom row, the 

PCC, PCP, and PCM were calculated.  

The percent correct for each category of five places (i.e., labial, alveolar, 

retroflex, alveopalatal, and velar) and five manners (stop, fricative, affricate, nasal, 

and approximate) were further analyzed for each child. This percentage was based on 
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correct production including all features, which is different from PCP or PCM. If we 

use the target words from Table 3.2, Table 3.3 shows the example of calculation for 

percent correct for places and manners.  

Research question 5: How does the overall speech accuracy (i.e., percentage of 

correct consonants [PCC], percentage of correct places [PCP], and percentage of 

correct manners [PCM]) of children with CP±L differ from typically-developing 

children without clefts? To answer research question 5, three Mann-Whitney U tests 

were conducted to examine the differences in PCC, PCP, and PCM between the cleft 

palate group and the typically-developing group. Since PCC, PCP and PCM are three 

measurements to assess the overall speech accuracy for each participant, Bonferroni 

correction was employed to adjust the type I error: α level was adjusted to 0.017.  

Research question 6: What are differences (if any) in the speech accuracy of 

each distinct consonant place and manner, between children with CP±L and typically-

developing children? To answer research question 6, five Mann-Whitney U tests were 

conducted to examine the specific difference in percent correct for each consonant 

place between the cleft palate group and the typically-developing group. Another five 

Mann-Whitney U tests were conducted to examine the specific difference in percent 

correct for each consonant manner between the cleft palate group and the typically-

developing (TD) group. The percent correct for each place and each manner were 

independent from each other, so Bonferroni correction was not employed, and the α 

level was 0.05.  

Research question 7: How does the overall speech accuracy, and then 

specifically the accuracy of each consonant place and manner, differ among age 

groups of children with CP±L? To answer research question 7, three Kruskal-Wallis 

H tests were employed to examine the age effects on the values of PCC, PCP, and 
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PCM for the CP±L group and the TD group. To determine the difference in the 

speech accuracy specifically for each consonant place and manner among age groups 

in children with CP±L, five Kruskal-Wallis H tests were conducted for the category of 

consonant place, and another five Kruskal-Wallis H tests were conducted for the 

category of consonant manner. 

Research question 8: How does the overall speech accuracy, and then 

specifically the accuracy of each consonant place and manner, differ among children 

with CP±L who had different timing of primary surgery? To answer research question 

8, three Kruskal-Wallis H tests were also used to compare the PCC, PCP, and PCM 

among children who had primary palatal surgery at different times. To determine the 

difference in the speech accuracy specifically for each consonant place and manner 

among surgical timing groups in children with CP±L, five Kruskal-Wallis H tests 

were conducted for the category of consonant place, and another five Kruskal-Wallis 

H tests were conducted for the category of consonant manner. 

3.8 Phonological Process Analyses 

In total, 14 phonological processes were included and classified into four 

categories, such as syllable structure changes (syllable-initial consonant deletion, 

syllable-final consonant deletion), place changes (velar fronting, velar assimilation, 

backing, glottalization, de-retroflexization), manner changes (stopping, affrication, 

de-affrication, gliding, nasal assimilation), and voicing changes (aspiration, de-

aspiration). Based on the previous Mandarin studies (Lee et al., 2009; Li & To, 2017; 

Liu & Chien, 2020), 8 of 15 phonological processes were classified as typical 

phonological processes, including syllable-final consonant deletion, backing, 

stopping, de-affrication, affrication, de-retroflexization, gliding, and de-aspiration. 

The remaining six phonological processes were considered atypical, including 
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syllable-initial consonant deletion, velar fronting, velar assimilation, glottalization, 

nasal assimilation, and aspiration.  

The instances of the phonological processes (i.e., the raw number of 

occurrences) were obtained using the Phon software. The “phonological process” 

function in Phon used Phonex language to compare the transcription between the 

target word and the actual speech production and then counted the total number of 

instances of a phonological process for each participant. For example, to get the 

occurrence of coronal backing for one participant, the Phonex expression for target 

coronal consonants was defined as “{coronal}” and the Phonex expression for actual 

dorsal consonants was defined as “{dorsal}.” The number of occurrences of coronal 

backing processes was counted by comparing the transcription of actual productions 

to the transcription of target productions. A mismatch between a transcribed target 

production and a transcribed actual production indicated an occurrence of a 

phonological process, which was automatically recorded. The total number of 

opportunities of each phonological process was counted as the total number of 

possible occurrences based on the phonetic context for each target word. The numbers 

of opportunities and definitions for each phonological process are shown in the rows 

of Table 3.4. The threshold to confirm occurrences as a phonological process was a 

percentage measure of at least 20% of those occurrences shown as a percentage of the 

total possible opportunities, which was based on McReynolds and Elbert’s (1981) 

criteria. Specifically, the percent of occurrence was the raw number of instances 

divided by the total number of opportunities for a phonological process in the speech 

sample. 

Research question 9: How do phonological processes in Mandarin-speaking 

children with CP±L differ from typically-developing children without clefts? To 
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address research question 9, Mann-Whitney U tests were conducted to examine the 

between-group differences in each confirmed phonological process. Bonferroni 

correction was employed based on the number of confirmed phonological processes 

in each category. For example, if two phonological processes (i.e., syllable-initial 

consonant deletion and syllable-final consonant deletion) were confirmed in the 

syllable change category, the α level would be adjusted to .025. 

Research question 10: How do phonological processes differ among age 

groups of children with CP±L? To answer research question 10, Kruskal-Wallis H 

tests were used to compare the frequency of occurrence for each confirmed 

phonological process among four age groups. Bonferroni corrections were also 

employed based on the number of confirmed phonological processes in each category. 

Research question 11: How do phonological processes differ among children 

with CP±L who had different timing of primary surgery? To answer research question 

11, Kruskal-Wallis H tests were used to compare the frequency of occurrences of 

phonological process in three surgical timing groups. Bonferroni correction was 

employed to adjust the type I error based on the number of confirmed phonological 

processes in each category. 

3.8 CAPS-A Analyses 

The speech sample obtained from the children with CP±L was analyzed using 

a part of CAPS-A, as shown in Appendix B. The CAPS-A developed by John et al. 

(2006) was partially adopted in this current study. The speech samples of children 

with CP±L were evaluated in four areas (i.e., speech intelligibility, hypernasality, 

nasal airflow, and cleft type characteristics (CTCs) adopted from CAPS-A, and one 

area (i.e., tone) added because tone is a Mandarin specific feature different from 

English.  
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Speech intelligibility was rated using a 5-point scale to determine how 

understandable the speech sample was to the rater. The rater knew the target words 

prior to the rating process because the stimuli were the assigned 84 Mandarin words 

which the child was asked to repeat following a clinician’s verbal model during data 

collection. The recording segments of clinicians’ models were removed from the 

original audio recordings prior to the transcription process. To reduce bias in the 

speech intelligibility ratings, the rater listened to the segments of participants’ audio 

recordings only (without any clinicians’ verbal models or any IPA transcriptions 

displayed on Phon). When the speech samples could not be identified as target words 

by the rater, they were counted as unintelligible. The rater estimated the percentage of 

unintelligible speech samples immediately after listening to each participant’s 

recording and documented the ratings based on the following characteristics: Normal 

speech which could be understood without problem was rated as 0; 10% of 

unintelligible speech was rated as 1, 30% of unintelligible speech was rated as 2, 50% 

of unintelligible speech was rated as 3, and greater than or equal to 80% unintelligible 

speech was rated as 4. After the speech intelligibility rating process, the rater used a 

5-point scale to rate the degree of perceived hypernasality in the speech of children 

with CP±L, such as “normal resonance” (scored as 0), “minimal” (when hypernasality 

barely occurred, scored as 1), “mild” (when hypernasality was evident on high 

vowels, scored as 2), “moderate” (when hypernasality was evident on both high and 

low vowels, scored as 3), and “severe” (when hypernasality was evident on vowels 

and voiced consonants, scored as 4). 

The remaining areas (i.e., nasal airflow, tones, and CTCs) were rated during 

the transcription process. Nasal airflow was rated in two parameters: audible nasal 

emission and nasal turbulence. Audible nasal emission refers to abnormal nasal air, 
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while nasal turbulence refers to abnormal turbulent noise associated with mucus or 

tissue vibration co-occurring with speech sounds. The current study adopted the 

definitions of “audible nasal emission” and “nasal turbulence” from the study by John 

et al. (2006). Both audible nasal emission and nasal turbulence were rated using a 3-

point scale, with absence rated as 0, fewer than three occurrences rated as 1, and three 

or more occurrences rated as 2. Tone evaluation was also rated using a 3-point scale, 

with absence rated as 0, fewer than three incorrect tones rated as 1, and three or more 

incorrect tones rated as 2.  

CTCs were assessed in four categories: anterior oral CTCs, posterior oral 

CTCs, non-oral CTCs, and passive CTCs. Three parameters were rated as anterior 

oral CTCs: de-retroflexization (e.g., /tʂ/ → /ts/), de-affrication (e.g., /tʂ/→ /t/ or /ʂ/), 

palatalization (e.g., /t/ → [tʲ] or [ç, ʝ]). Among these three, de-retroflexization and de-

affrication were added as Mandarin-specific patterns. Three anterior CTCs in the 

original CAPS-A (John et al., 2006) were excluded from the current study: 

dentalization (e.g., /t/ → [t̪]), inter-dentalization (i.e., /s/ → /θ/ or /ð/), and 

lateralization (i.e., /ls/, /ɬ/) for the following reasons: First of all, the consonants 

produced in the dental place are considered allophones Mandarin alveolar consonants, 

and some Chinese linguistic research considered these consonants (i.e., /t, th, ts, tsh, s, 

n, l/) as dentals. To avoid this controversy, this study excluded the dentalization from 

anterior CTCs. Secondly, interdental fricatives (i.e., /θ/ or /ð/) do not exist in 

Mandarin, so the meaning of words will not be changed if children produce the 

alveolar fricatives at the interdental places. Thus, interdentalization was not included 

as an anterior CTC. Finally, the term “lateralization” in this study refers to the 

phonological process as /ɹ/ → /l/. The “lateralization” in John et al. (2006) referred to 

lateral lisping (i.e., /ls/, /ɬ/). Because the lateral lisping noise could not be perceptually 
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distinguished from nasal turbulence noise, it was not included in the anterior CTCs of 

the current study. Two parameters were rated as posterior oral CTCs. These were 

double articulation without glottal stops (e.g., [t͡ k], [p͡k]) and backing to velar (e.g., 

/t/→ /k/). Four parameters were assessed for non-oral CTCs, such as pharyngeal 

articulation, glottal articulation, active nasal fricative (i.e., nasal fricative substituted 

for one or two obstruents), and double articulation with glottal stops (e.g., [bʔ], dʔ]). 

Three parameters were included in the evaluation of passive CTCs: weak consonants, 

passive nasal fricative (i.e., nasal fricatives substituted for all obstruents), and gliding 

fricatives or affricates. In total, 17 parameters were evaluated using the CAPS-A.  

A second rater also rated the following items in the CAPS-A for 10 children 

with CP±L (22% of the sample): speech intelligibility, hypernasality, audible nasal 

emission, nasal turbulence, and tone. The inter-rater reliabilities were computed using 

weighted Kappa. According to Altman (1991), the strength of agreement is very good 

with kappa values from .81 to 1; good with values from .61 to .80; moderate with 

values from .41 to .60; fair with values from .21 to .40, and poor with values from 0 to 

.21. Overall, the intra-rater reliability ranged from good to very good agreement and 

the inter-rater reliability ranged from moderate to good agreement.  

Table 3.5 shows the intra- and inter-rater reliability for the following 

parameters: speech intelligibility, hypernasality, audible nasal air emission, and nasal 

turbulence. Rows in Table 3.5 show the CAPS-A parameters; columns show the 

Kappa value and strength of agreement for each parameter. CTCs were not rated by 

the second rater for the reliability test for two reasons. First, the second rater did not 

have training to identify cleft speech errors. Second, the second rater reported 

difficulties completing the rating on parameters of CTCs due to time limits. 

According to the reliability study conducted by Chaman et al. (2016), the reliability 
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was fair to good (Kappa value ranging from 0.3 to 0.5) before SLP clinicians had 

trained on parameters of CTCs. 

Research question 12: How do perceptual ratings on the CAPS-A differ among 

age groups of children with CP±L? To answer research question 12, Kruskal-Wallis H 

tests were conducted to compare the perceptual rating scores among four age groups 

on the following CAPS-A items: speech intelligibility, hypernasality, audible nasal air 

emission, nasal turbulence, and all CTCs. The compensatory articulations were 

transcribed and counted in terms of presence or absence for each participant. 

Research question 13: How do perceptual ratings on the CAPS-A differ among 

children with CP±L who had different timing of primary surgery? To answer research 

question 13, Kruskal-Wallis H tests were conducted to compare the perceptual rating 

scores among three groups of children who had different surgery times on the 

following CAPS-A items: speech intelligibility, hypernasality, audible nasal air 

emission, nasal turbulence, and all CTCs.   
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Table 3.1 

Participant Information 

Group Age Group Number and Gender 

Typically-developing 5;0-5;11 6 (3 females, 3 males) 
 6;0-6;11 10 (6 females, 4 males) 
 7;0-7;11 12 (3 females, 9 males) 

  8;0-8;11 9 (4 females, 5 males) 

Cleft palate 5;0-5;11 10 (4 males, 6 females) 
 6;0-6;11 18 (6 females, 12 males) 
 7;0-7;11 13 (7 females, 6 males) 

  8;0-8;11 5 (4 females, 1 male) 
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Table 3.2 

Examples of Percentage of Correct Consonants (PCC), Percentage of Correct 

Places (PCP), and Percentage of Correct Manners (PCM) 

Target 

word 
Realization TTC TCC TCP TCM 

ba’ba ma'ma 2 0 2 0 

pa’lou’ti ma’nou’ti 3 1 3 1 

sa’ʃwe sa’we 3 2 2 2 

  Total 8 3 7 3 

PCC = TCC/TTC=3/8=37.5%  

PCP = TCP/TTC=7/8=87.5% 

PCM = TCM/TTC=3/8=37.5% 
Notes: total number of target consonants (TTC), total number of correct 
consonants (TCC), total number of correct places (TCP), and total 

number of correct manners (TCM)  
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Table 3.3 

Examples of the Percent Correct for Each Articulatory Place and Manner 

target 

consonants target place target manner occurrences correct 

b bilabial stop 2 0 

p bilabial stop 1 0 

l alveolar liquid 1 0 

t alveolar stop 1 1 

s alveolar fricative 1 1 

ʂ retroflex fricative 1 0 

Percent correct for each articulatory place 

 bilabial alveolar retroflex  
  0+0/2+1=0 1+1/1+1+1=67% 0/1=0  
Percent correct for each articulatory manner 

 stop liquid fricative  
  0+0+1/2+1+1=25% 0/1=0 1+0/2=50%  
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Table 3.4 

Instances of Phonological Processes 

Phonological Process Descriptions Opportunities 

velar assimilation 
A non-velar consonant assimilated to a 

velar consonant in a word 
17 

nasal assimilation 
An oral consonant assimilated to a nasal 

consonant in a word 
25 

velar fronting 
A velar consonant produced in a more 

anterior place than velar 
17 

backing  
A coronal consonant produced in a dorsal 

place, excluding glottal  
143 

stopping A fricative produced as a stop 86 

de-affrication An affricate produced as a stop or fricative 46 

affrication A stop or fricative produced as an affricate 42 

de-retroflexization A retroflex produced in the alveolar place 26 

gliding A liquid produced as a glide 16 

glottalization  A glottal stop substituted for an oral stop 165 

aspiration A non-aspirated stop or affricate aspirated. 58 

de-aspiration 
An aspirated stop or affricate produced 

without aspiration 
39 

syllable-initial 

consonant deletion  

(SICD) 

The syllable-initial consonant was deleted 164 

syllable-final 

consonant deletion 

(SFCD)  

The syllable-final consonant was deleted 15 
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Table 3.5 

CAPS-A Rating Reliability 

Items 
Intra-rater Inter-rater 

Kappa 

Strength of 

Agreement Kappa 

Strength of 

Agreement 

Speech Intelligibility .68 Good 0.51 Moderate 

Hypernasality .92 Very Good 0.76 Good 

Audible Nasal Air Emission .75 Good 0.59 Moderate 

Nasal Turbulence .85 Very Good 0.68 Good 
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4. Results 

This chapter provides the descriptive and statistical results of the following 

areas in the speech of children with CP±L and typically-developing children: 

consonant phonetic inventory, compensatory misarticulations, percentage of correct 

consonants (PCC), percentage of correct places (PCP), and percentage of correct 

manners (PCM), the percent correct for each place, the percent correct for each 

manner, phonological processes, and the CAPS-A ratings. The differences in the 

following groups were reported: between children with CP±L and TD children; 

among the age groups for children with CP±L; and among three groups within 

children with CP±L who had different primary surgery times. 

4.1 Consonant Inventory 

4.1.1 Consonant Inventory Size Between Cleft and Non-Cleft Groups 

Research question 1: What are the differences (if any) in the size of consonant 

inventory between children with CP±L and typically-developing children? The Mann-

Whitney U test results indicated that typically-developing children had a significantly 

larger consonant inventory than CP±L children (U = 1535.5, p < .001). All typically-

developing children had 22 consonants in their phonetic inventories. For the 46 

children with CP±L, the median of the consonant inventory size was 18.5 with a range 

from 5 to 22. Of the 46 children with CP±L, 9 produced a complete Mandarin 

consonant inventory with a total of 22 consonants. Of the remaining 37 children with 

CP±L who did not produce the complete consonant inventory, 18 of them produced 

18 to 21 consonants with fewer than four missing sounds, and the remaining 19 

children had fewer than 18 consonants in their phonetic inventories with more than 

four missing sounds. 
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4.1.2 Phonetic Features of Consonant Inventory 

Research question 2: What phonetic features of Mandarin consonants are used 

by children with CP±L? Table 4.1 shows the consonant inventory for 46 children with 

CP±L in this current study. Rows in Table 4.1 list the children with CP±L, and 

columns list their age, primary surgery time, presenting consonants, and missing 

consonants.  

Figure 4.1 shows missing consonant manners and places by the number of 

children with CP±L. In terms of manners, affricates were the most common missing 

sounds. Of the 37 children with CP±L who did not produce the complete consonant 

inventory with 22 consonants, 32 children missed at least one affricate consonant; 23 

children missed at least one stop consonant, and 17 children missed at least one 

fricative consonant. Only four children missed at least one liquid consonant, and no 

child missed any nasal consonants. Of the 46 children with CP±L, only 1 child did not 

have any oral stop or fricative consonant in the phonetic inventory. The remaining 45 

children produced at least one stop or fricative correctly at least twice in the speech 

samples.  

In terms of consonant place, retroflex consonants were the most frequently 

missing sounds, followed by alveopalatal consonants in order from anterior to 

posterior places of articulation. Of the 46 children with CP±L, 11 children missed at 

least one bilabial consonant, 19 children missed at least one alveolar consonant, 29 

children missed at least one alveopalatal consonant, 33 children missed at least one 

retroflex consonant, and 18 children missed at least one velar consonant. All children 

had at least one labial, one alveolar, and one velar consonant in their phonetic 

inventories. Five children did not have any alveopalatal consonants, and 10 children 

did not have any retroflex consonant in their phonetic inventories. In terms of the 
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aspiration feature, 43 out of 46 children with CP±L produced at least one pair of 

aspiration contrast consonants. Two children missed all aspirated consonants, and one 

child missed all unaspirated consonants.  

4.1.3 Consonant Inventory Size by Age  

Research question 3: What are differences (if any) in the size of consonant 

inventory among different age groups of children with CP±L? The Kruskal-Wallis H 

test results showed no significant difference in the size of consonant inventory among 

four age groups of children with CP±L (H (3) = 2.333, p = .506). A descriptive analysis 

was also conducted for four age groups of children with CP±L. Table 4.2 shows the 

median and range of the size of consonant inventory for each age group of children 

with CP±L. Rows show the age and columns show the size of consonant inventory.  

The size of consonant inventory showed an increasing pattern from age 5 

years to age 7 years but decreased at age 8 years. For 5-year-old children with CP±L, 

the median of presented consonants was 13.5, ranging from 10 to 22. For the 6-year-

old children with CP±L, the median of the consonant inventory size was 18.5, ranging 

from 12 to 22. For 7-year-old children with CP±L, the median of the consonant 

inventory size was 20, with a range from 5 to 22. For 8-year-old children with CP±L, 

the median size of consonant inventory was 18, with a range from 9 to 21. 

4.1.4 Consonant Inventory Size by Surgical Timing  

Research question 4: What are the differences (if any) in the size of consonant 

inventory among children with CP±L who had different timing of primary surgery? 

No significant difference in the inventory size was found among three surgical timing 

groups for children with CP±L (H (2) = 1.798, p = .407). Table 4.3 shows the median 

and range of the size of consonant inventory for each surgical timing group of 



Texas Tech University Health Sciences Center, Yilan Liu, December 2022 

64 

children with CP±L. Rows show three surgery times and columns show the size of 

consonant inventory.  

Consonant inventory was further analyzed with respect to both age and 

surgical timing. For children with CP±L at the same ages, great variations were found 

in the size of phonetic inventory for children who had different primary surgery 

timing. Table 4.4 shows the size of consonant inventory (i.e., median and range) for 

each age group by surgical timing. Rows show four age groups, and columns show 

three groups of surgical timing. The 5-year-old children who had late surgery after 

age 3 years had the lowest median size of phonetic inventory (Mdn = 12.5) compared 

to early surgery groups (before 1 year of age, Mdn = 15; between 1 to 3 years of age, 

Mdn = 18). The phonetic inventory size for 6-year-old children with CP±L suggested 

the same pattern: Children who received primary surgery after 3 years of age had the 

smallest median size of phonetic inventory (Mdn = 18). Those who had surgery 

before 1 year of age and those who had surgery between 1 and 3 years of age 

produced similar numbers of consonants (Mdn = 19). For 7-year-old children with 

CP±L, the early surgery group (i.e., before 1 year of age) produced almost complete 

inventories with a median size of 22 consonants. However, those 7-year-old children 

with CP±L who had primary surgery between 1 and 3 years of age had the lowest 

median size of 17 among three surgical timing groups. For 8-year-old children with 

CP±L, none of them received palatal surgery before age 1 year, only one child had 

surgery at age 1 year, and the remaining four of them had primary surgery after age 3 

years. The average phonetic inventory size was 17.75 for those who had late palatal 

surgery but was 9 for those who had surgery at age 1 year. 
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4.2 Speech Accuracy 

4.2.1 Overall Speech Accuracy Between Cleft and Non-Cleft Groups  

Research question 5: How does the overall speech accuracy (i.e., percentage of 

correct consonants [PCC], percentage of correct places [PCP], and percentage of 

correct manners [PCM]) of children with CP±L differ from typically-developing 

children without clefts? Table 4.5 shows medians and ranges of overall speech 

accuracy for both children with CP±L and typically-developing children, as well as 

results of Mann-Whitney U tests. Rows in Table 4.4 show the overall speech accuracy 

variables (i.e., PCC, PCM, and PCP), and columns show children with CP±L and 

typically-developing children and the Z value obtained from Mann-Whitney U tests. 

The results of Mann-Whitney U tests showed significantly higher PCC, PCM, and 

PCP for typically-developing children compared to children with CP±L. Overall, 

typically-developing children had higher speech accuracy than children with CP±L.  

The severity levels of speech sound disorder (SSD) for children with CP±L in 

this study emerged during the analysis, even though this was not an area targeted in 

the original research goal. According to Shriberg and Kwiatkowski (1982), the 

severity levels of SSD are classified into four levels: mild (100% > PCC > 85%), mild 

to moderate (PCC: 65% to 84.99%), moderate to severe (PCC: 50% to 64.99%), and 

severe (PCC: less than 50%). Of the 46 children with CP±L, 7 children were 

classified as having mild SSD with PCC greater than 85%, 14 children were classified 

as having mild to moderate SSD, 10 children were classified as having moderate to 

severe SSD, and 15 children were classified as having severe SSD with PCC lower 

than 50%. Table 4.6 shows the severity of SSD classification for children with CP±L. 

Rows show severity levels from mild to most severe. 
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4.2.2 Specific Percent Correct for Place and Manner Features  

Research question 6: What are the differences (if any) in the speech accuracy 

of each distinct consonant place and manner, between children with CP±L and 

typically-developing children? For each place, Table 4.7 shows medians, ranges, and 

Mann-Whitney U test results of percent correct for each place in both children with 

CP±L and typically-developing children. Rows show the consonant place features, 

and columns show children with CP±L, typically-developing children, and statistical 

results. The Mann-Whitney U test results showed significantly higher percent correct 

in all five consonant places for typically-developing children compared to children 

with CP±L. Based on the median value of percent correctness for each place in 

children with CP±L, the retroflex consonants were produced with the lowest 

accuracy, followed by alveolar, alveopalatal, velar, and labial consonants. For 

typically-developing children, the median of percent correctness for all consonant 

places was 100%.  

Table 4.8 shows medians, ranges, and Mann-Whitney U test results of percent 

correct for each manner in children with CP±L and typically-developing children. 

Rows show consonant manners, and columns show children with CP±L, typically-

developing children, and statistical results. The results of the Mann-Whitney U test 

showed that typically-developing children had significantly higher speech accuracy 

than children with CP±L in all five manners of production. The median of percent 

correctness of each manner for children with CP±L showed that affricate was the 

manner produced with the least accuracy, followed by liquids, stops, fricatives, and 

nasals. For typically-developing children, the median of percent correctness for all 

manners of production was 100%, although the range of percent correctness varied 
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across five manners. The largest range of percent correctness was found in liquids, 

followed by affricates, nasals, fricatives and stops.  

4.2.3 Speech Accuracy by Age 

Research question 7: How does the overall speech accuracy, and then 

specifically the accuracy of each consonant place and manner, differ among age 

groups of children with CP±L? The results of the Kruskal-Wallis H test showed no 

significant difference in PCC (H (3) = 1.283, p = .733), PCM (H (3) = 1.520, p = .678), 

or PCP (F (3,42) = 1.515, p = .679) among the four age groups. Table 4.9 shows the 

overall speech accuracy for each age group of children with CP±L. Rows show PCC, 

PCM, and PCP values, and columns show four age groups with medians, ranges, and 

statistical results.   

For typical developing children, different patterns were found in the values of 

PCC (H (3) = 13.54, p =.004) and PCP (H (3) = 14.57, p =.002) among the age groups, 

according to the results of Kruskal-Wallis H tests (Table 4.10). The results of post-

hoc Pairwise Comparison analysis showed significant differences on PCC and PCP 

between the 5-year-old group and the remaining age groups (6-, 7-, and 8-year-olds). 

However, no significant difference was found among the groups of 6-, 7-, and 8-year- 

old children. No significant differences were found in the values of PCM among the 

four age groups for typically-developing children (H (3) = 4.29, p = 2.32).  

The results of median, range, and H tests on the percent correct for each 

consonant place among age groups of children with CP±L are reported in Table 4.11. 

Rows show consonant places, and columns show the four age groups with medians, 

ranges, and statistical results. Based on the H test results, no significant difference 

was found between age groups in any articulatory place for children with CP±L.  
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Although it was beyond the research question originally posed for this project, 

for typically-developing children, significant differences were found between age 

groups in the places of labial, alveolar, and alveopalatal consonants (as shown in 

Table 4.12). Rows show consonant places, and columns show the four age groups of 

typically-developing children with medians, ranges, and statistical results. Pairwise 

tests showed that the percentage of accuracy in labials for the 6- and 8-year-old 

groups were significantly higher compared to the 5-year-old group. For alveolar 

sounds, 5-year-old children produced significantly lower accuracy compared to the 

other age groups (6 years, p = .011, 7 years, p = .004, 8 years, p = .003). For 

alveopalatal sounds, a significant difference in percentage accuracy was only found 

between the group of 5-year-old and 6-year-old children (p = .044).  

The percent correct for each manner was not different among the four age 

groups of children with CP±L. Table 4.13 shows the median and range of percent 

correct for each consonant manner among the four age groups children with CP±L. 

Rows show manners of articulation, and columns show the four age groups of 

children with CP±L with medians, ranges, and statistical results. Figure 4.2 shows the 

median percent correct for each consonant manner by age and surgical timing. Each 

bar in the figure shows an age group, and each color block shows a surgical timing 

group. Steady increases in percent correct of affricates with age were found for 

children who received surgery before age 1 year and those who received surgery after 

age 3 years. A steady increase in percent correct of liquids with age was found for 

children who received surgery before age 1 year. 

The same analysis for each manner was conducted for typically-developing 

children. Table 4.14 shows the median, range, and statistical results on the percent 

correct for each manner among age groups of typically-developing children. Rows 
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show consonant manners, and columns show the four age groups with medians, 

ranges, and statistical results. Significant differences were found in the percent correct 

for obstruents (i.e., affricates, fricatives, and stops) among the four age groups, while 

no significant age group difference was found in the percent correct for liquids or 

nasals. Pairwise post-hoc tests showed that the percentage accuracies for both 

affricates and stops were significantly different between the 5-year-old group of 

children and the other age groups, while the percentage accuracy for fricative sounds 

was different between 5-year-old and 6-year-old (p = .009) as well as 8-year-old 

children (p = .21) but was similar compared to 7-year-old children (p = .54).  

4.2.4 Speech Accuracy by Surgical Timing 

Research question 8: How does the overall speech accuracy, and then 

specifically the accuracy of each consonant place and manner, differ among children 

with CP±L who had different timing of primary surgery? No significant difference 

was found in PCP (H (2) = .294, p = .863), PCM (H (2) = .704, p = .703), or PCP (H (2) 

= .102, p = .950) for children with CP±L who had different surgery times. The median 

and ranges for PCC, PCM, and PCP for three groups of children who had different 

primary surgery times are reported in Table 4.15. Rows show PCC, PCM, and PCP, 

and columns show different surgical timing groups with medians, ranges, and 

statistical results. Figure 4.3 shows the medians of PCP, PCM, and PCP by age and 

surgical timing. The lines in Figure 4.3 show a steady increase pattern in speech 

accuracy (i.e., PCC, PCM, and PCP) between ages 5 and 7 years for children who 

received palatal surgery before age 1 year and those who received palatal surgery 

after age 3 years.  

For the percent correct for each place, no significant difference was found 

among children with CP±L who had different surgery times (as shown in Table 4.16). 
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Rows in Table 4.16 list the category of consonant places, and columns include the 

three surgical timing groups with medians, ranges, and statistical values.  

For the percent correct for each manner, no significant difference was found 

among children with CP±L who had different surgery times (as shown in Table 4.17). 

Rows show the category of consonant manner, and columns show the three surgical 

timing groups with medians, ranges, and statistical values.  

4.3 Phonological Processes  

4.3.1 Phonological Processes Between Cleft and Non-Cleft Groups 

Research question 9: How do phonological processes in Mandarin-speaking 

children with CP±L differ from typically-developing children without clefts? 

According to McReynolds and Elbert’s (1981) criteria, phonological processes were 

confirmed when they occurred in over 20% of opportunities. In the speech of children 

with CP±L, eight phonological processes were confirmed, including syllable-initial 

consonant deletion (SICD), velar fronting, glottalization, stopping, nasal assimilation, 

de-affrication, de-retroflexization, and de-aspiration. The remaining six phonological 

processes occurred inconsistently in fewer than 20% of opportunities in the speech 

sample for children with CP±L, such as syllable-final consonant deletion, velar 

assimilation, backing, affrication, gliding, and aspiration. Table 4.18 shows the 

number of participants who employed phonological processes on ≥ 20% of 

opportunities. Rows list the confirmed phonological processes, and columns list the 

number of children with CP±L and typically-developing children in each age group.  

For typically-developing children, de-retroflexization was the only confirmed 

phonological process which occurred in over 20% of opportunities. Figure 4.4 shows 

the percent of occurrences of eight confirmed phonological processes for both 
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children with CP±L and typically-developing children. Children with CP±L showed 

greater variations than typically-developing children for all eight phonological 

processes.  

The results of Mann-Whitney U tests suggested that all of the confirmed 

phonological processes occurred more often in children with CP±L than in typically-

developing children (syllable-initial consonant deletion, U = 93.5, p <.001; velar 

fronting, U = 553, p = .001, glottalization, U = 185, p <.001; stopping, U = 203.5, p 

<.001; nasal assimilation, U = 253.5, p <.001; de-affrication, U = 138, p <.001; de-

retroflexization, U = 586.5, p = .004; and de-aspiration, U = 470, p <.001).  

For place changes, glottalization and velar fronting occurred more frequently 

in the speech of children with CP±L than in those of typically-developing children. 

Glottalization occurred with a higher percentage of occurrences (Mdn = 3.6%, 0-

32.1%) in the speech of children with CP±L than velar fronting (Mdn = 0, 0-41.4%). 

For manner changes, all processes occurred more frequently in the speech production 

of the CP±L group compared to the TD group. The most frequently occurring process 

in the CP±L group was the de-affrication process (Mdn = 25%, 0-77.8%), followed by 

stopping (Mdn = 3.8%, 0-65%), nasal assimilation (Mdn = 3.6%, 0-32.1%), and de-

retroflexization (Mdn = 2.2%, 0-63.6%). For voicing changes, the de-aspiration 

process occurred more often in children with CP±L compared to the typically- 

developing group (p < .001), but the median was 0 for both groups.  
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4.3.2 Phonological Processes by Age 

Research question 10: How do phonological processes differ among age 

groups of children with CP±L? For children with CP±L, results of Kruskal Wallis H 

tests for the percent of occurrences of phonological processes among four age groups 

are reported in Table 4.19. Rows show category and phonological processes; columns 

show four age groups with medians, ranges, and statistical results. No significant 

difference was found among the age groups for any phonological processes in 

children with CP±L.  

4.3.3 Phonological Processes by Surgical Timing  

Research question 11: How do phonological processes differ among children 

with CP±L who had different timing of primary surgery? Table 4.20 shows the 

percent of occurrences of phonological processes among children who had different 

primary surgery times. Rows show the category of phonological processes and each 

phonological process, and columns show the three surgical timing groups with 

medians, ranges, and statistical results. Results of the Kruskal-Wallis H test suggested 

that only one phonological process, nasal assimilation, was significantly different 

among children with CP±L who had different primary surgery times (p =.006). The 

pairwise post hoc analysis showed that nasal assimilation occurred significantly more 

frequently in children with CP±L who had primary surgery after 3 years of age than 

those who had primary surgery before 1 year of age. Figure 4.5 shows the distribution 

of percent of occurrences in nasal assimilation among surgical timing groups for 

children with CP±L. The remaining phonological processes were similar among 

children who had different surgery times. 
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4.4 CAPS-A  

4.4.1 CAPS-A Ratings by Age 

Research question 12: How do perceptual ratings on the CAPS-A differ among 

age groups of children with CP±L? Speech samples were rated on the following 

CAPS-A items: speech intelligibility, hypernasality, tone, and all parameters for cleft 

type characteristics (CTCs) for children with CP±L in different subgroups in terms of 

age. 

Speech intelligibility by age. The distribution of rating scores (i.e., number of 

children who had the same ratings and the percentage of these children in each age 

group) for speech intelligibility in children with CP±L are reported in Table 4.21. 

Rows show ratings of speech intelligibility on a 5-point scale, and columns show the 

age groups, with a total number of children who had the same ratings. Overall, of the 

46 children with CP±L, 7 children were rated with normal intelligibility (scored as 0); 

9 children were rated as “10% unintelligible speech” (scored as 1); 13 children were 

rated as “30% unintelligible speech” (scored as 2); 10 children were rated as “50% 

unintelligible speech” (scored as 3); and 7 children were rated as “> 80% 

unintelligible speech” (scored as 4). 

Results of the Kruskal-Wallis H test suggested no significant difference in 

speech intelligibility among the four age groups (H (3) = 3.727, p = .292).  

Hypernasality by age. The perceived degrees of hypernasality in the varied 

age groups are reported in Table 4.22. Rows show ratings of hypernasality on a 5-

point scale, and columns show the age groups, with the total number of children who 

had the same ratings.  

Overall, 14 out of 46 children (30.4%) with CP±L were rated as having 

normal resonance, followed by minimal (n = 11, 23.9%) and moderate degrees of 
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hypernasality (n = 11, 23.9%). The speech of 3 children was rated as mildly 

hypernasal (n = 3, 6.5%), and the remaining 7 children were rated as severely 

hypernasal (n = 7, 15.2%). Although the distribution of different degrees of nasality 

appeared to vary across age groups (Table 4.22), the Kruskal-Wallis H test revealed 

no significant differences (H (3) = 7.377, p =.061). 

Nasal airflow by age. The audible nasal air emission and nasal turbulence that 

occurred with consonant production was marked on the specific sounds for each child. 

Audible nasal emission and nasal turbulence were statistically evaluated separately. 

Results of the Kruskal-Wallis H test showed no significant difference in the ratings of 

audible nasal emission among age groups (H (3) = 3.866, p = .276). No significant 

difference was found in the ratings of nasal turbulence among age groups either (H (3) 

= 2.929, p = .403).  

Table 4.23 shows ratings on audible nasal emission by age groups, and ratings 

on nasal turbulence by age groups. Rows show the rating scales for audible nasal 

emission and nasal turbulence, and columns show the age groups. For audible nasal 

emission, 19 (41.3% of 46) children with CP±L demonstrated audible nasal emission 

in their speech samples, 17 (37%) of them presented this characteristic more than 

three times, and 2 (4.3%) of them presented this characteristic once or twice. The 

remaining 27 (58.7% of 46) children did not present any audible emissions. In terms 

of nasal turbulence, 10 (21.7% of) children with CP±L presented this characteristic 

more than three times, 5 (10.9% of) children presented this characteristic once or 

twice, and 31 (67.3% of) children did not exhibit nasal turbulence in the speech 

sample. 

Of the 5-year-old children, only 20% (2 out of 10) presented audible nasal 

emissions, but for children at age 6 years, 55.5% (10 out of 18) produced audible 
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nasal emission during speech. For 7-year-old children, 30.8% (4 out of 13) exhibited 

audible nasal emission, and for the 8-year-old children, 40% (2 out of 5) exhibited 

audible nasal emission.  

In contrast, 50% (5 out of 10) of the 5-year-old children presented nasal 

turbulence, which was more than the 5-year-olds (20%) who presented audible nasal 

emissions. Seven children at the age of 6 years (38.9%), two children at the age of 7 

years (15.4%), and one child at the age of 8 years (20%) presented nasal turbulence. 

In sum, a lower percentage of children at the ages of 6, 7, and 8 years presented nasal 

turbulence compared to audible nasal emissions. 

Table 4.24 show the consonants produced with audible nasal emission and the 

consonants produced with nasal turbulence for each participant. Rows show the 

participant, and columns show the age, surgical timing, sounds produced with audible 

nasal emission, and sounds produced with nasal turbulence. According to Table 4.24, 

of the 46 children with CP±L, 2 of them demonstrated both audible nasal emission 

and nasal turbulence in speech, while 16 of them produced audible nasal emission 

only, 13 of them produced nasal turbulence only, and 15 of them did not present 

either nasal emission or nasal turbulence.  

Table 4.25 shows the number of children who presented audible nasal 

emission and nasal turbulence on consonant manners. Rows show manners of 

articulation (i.e., stops, fricatives, affricates), and columns show audible nasal 

emission and nasal turbulence. Audible nasal emissions were noted on the production 

of stops, fricatives, and affricates. Fricatives were most likely to involve audible nasal 

emission. Of 20 children with CP±L who presented audible nasal emission, 18 

exhibited audible nasal emission on fricatives, 14 exhibited audible nasal emission on 

stops, and 13 exhibited audible nasal emission on affricates.  
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Nasal turbulence was also identified on stops, fricatives, and affricates. 

However, different from the audible nasal emission, nasal turbulence occurred more 

often with fricatives and affricates compared to stop consonants. Of 15 children with 

CP±L who showed nasal turbulence in speech, only 6 of them produced nasal 

turbulence on stops, while 12 produced nasal turbulence on fricatives, and 10 

produced nasal turbulence on affricates. 

Tone ratings by age. Table 4.26 provides the ratings on correct tone 

production for four age groups of children with CP±L. Rows show the ratings of tone, 

and columns show the age groups. Only 2 out of 46 (4.3% of) children presented 

abnormal tone production, and the remaining 44 (95.7% of) children had normal tone 

production. Therefore, based on observation, there was no difference among age 

groups in terms of tone production.  

Ratings on CTCs by age. Figure 4.6 shows the percent of children with 

CP±L who exhibited CTCs. The category of oral CTC includes anterior CTCs and 

posterior CTCs. Table 4.27 provides the ratings on the anterior and posterior CTCs 

for four age groups of children with CP±L. Rows show the parameters of anterior and 

posterior CTCs, and columns show the four age groups. Overall, according to the 

percentage of presences in the CTCs, the de-affrication characteristic occurred most 

frequently (66.4% of the time), followed by backing to velar (58.7%) and de-

retroflexization (50%). Relatively few participants showed the characteristics of 

palatalization (19.6%), and double articulation without glottal stops (4.3%). Results of 

Kruskal-Wallis H tests showed no significant difference among the age groups in any 

anterior (de-retroflexization, H (3) = .487, p = .922; de-affrication, H (3) = 2.326, p = 

.508; palatalization, H (3) = 2.378, p = .498) or posterior (double articulation without 
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glottal stops, H (3) = 3.033, p = .387; backing to velar, H (3) = 6.084, p = .108) oral 

CTCs. 

Results of Kruskal-Wallis H tests showed no significant difference among the 

age groups in any non-oral (pharyngeal articulation, H (3) = 5.172, p = .160; glottal 

articulation, H (3) = 1.092, p = .779; active nasal fricative, H (3) = 3.447, p = .328; 

double articulation with glottal stops, H (3) = 2.695, p = .441) or passive (weak 

consonant, H (3) = 1.531, p = .675; passive nasal fricative, H (3) = 5.220, p = .156; 

gliding fricative/affricates, H (3) = 3.554, p =.314) CTCs. 

Table 4.28 shows the ratings on non-oral CTCs and passive CTCs by age. 

Rows show the parameters of non-oral and passive CTCs, and columns show the four 

age groups. For pharyngeal articulation, 50% of 5-year-old children with CP±L 

presented pharyngeal articulation at least once, but only 11.1% of 6-year-olds, 15.4% 

of 7-year-olds, and 20% of 8-year-olds presented pharyngeal articulation more than 

once. For glottal articulation, at least 50% of children in all age groups presented this 

characteristic more than once. For active nasal fricative, approximately 40% of 

children at the ages of 5, 6 and 8 years presented this characteristic more than twice, 

but for 7-year-olds, only one child (7.7%) produced this characteristic more than 

twice. For double articulation with glottals, only a few children (less than 3, 

approximately 20%) in each age group presented this characteristic at least once.  

For weak consonants, 60% to 80% of children in each age group presented this 

characteristic more than twice. For passive nasal fricative, 80% of children at age 8 

years presented more than twice, followed by 6-year-olds (83.3%), 7-year-olds 

(69.2%), and 5-year-olds (44.4%). For gliding fricatives/affricates, 76.5% of 6-year-

olds, 83.3% of 7-year-olds, and 100% of 5- and 8-year-olds did not present with any 

occurrence.  
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Overall, passive CTCs were exhibited more than non-oral CTCs. Weak 

consonants occurred in 78.2% of children among all the CTCs, followed by glottal 

articulation (67.4%), and passive nasal fricative (54.4%). Relatively, few occurrences 

were presented in other CTCs, such as the active nasal fricative (32.6%), pharyngeal 

articulation (26.1%), gliding fricative/affricate (13.6%), and double articulation 

w/glottal stops (10.8%).  

Specifically, the following five types of compensatory articulations were noted 

in the speech samples of children with CP±L: /z, h, ʔ, ʩ, N ̥̃ /. Of the 46 children with 

CP±L, 32 produced glottal stop /ʔ/ as a compensatory articulation to substitute for oral 

stop consonants, fricatives, and affricates, and 15 children produced voiced fricative 

/z/ as a substitute for affricates. Glottal fricative /h/ occurred in the speech of 6 

children as a substitute for stops, fricatives, and affricates. Anterior nasal fricative /N ̥̃ / 

emerged in the speech of 7 children to substitute for coronal fricatives and affricates, 

while posterior nasal fricative /ʩ/ was used in 7 children’s speech samples to 

substitute for dorsal fricatives and affricates.  

4.4.2 CAPS-A Ratings by Surgical Timing 

Research question 13: How do perceptual ratings on the CAPS-A differ among 

children with CP±L who had different timing of primary surgery? This research 

question was addressed in the following areas: speech intelligibility, hypernasality, 

nasal airflow, tone, and CTCs.  

Speech intelligibility ratings by surgical timing. The ratings of speech 

intelligibility for children with CP±L are reported in Table 4.29 for each age group. 

Rows show results of 5-point rating scales for speech intelligibility, and columns 

show the surgical timing groups. Results of the Kruskal-Wallis H test suggested no 
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differences in the speech intelligibility among children with CP±L who had different 

primary surgery times (H (2) = 1.087, p = .581). 

However, for children who were rated between 0 and 2 for speech 

intelligibility, more of them received early surgery rather than late surgery. 

Specifically, 88.9% of children who had surgery before age 12 months (n = 8), 61.1% 

of children who had surgery between the ages of 1 and 3 years (n = 11), and 53% of 

children who had late surgery after the age of 3 years (n = 10) received a rating of 0-2 

in speech intelligibility. In addition, a higher percentage of children (22.1%) who had 

late surgery after age 3 years were rated as “impossible to understand” compared to 

those who had early surgery before age 3 years (11.1%). 

Hypernasality by surgical timing. Results of the Kruskal-Wallis H test 

revealed a significant difference among three surgical timing groups (H (2) = 6.301, p 

= .043). The post hoc test showed that the speech of children who had primary 

surgery later than age 3 years was perceived to be more hypernasal than those who 

had surgery between 1 and 3 years of age (p = .037). Table 4.30 shows ratings on 

hypernasality as a function of surgical timing. Rows show the ratings on 

hypernasality, and columns show surgical timing. Figure 4.7 shows the distribution of 

ratings on hypernasality by surgical timing. Marked variation of hypernasality ratings 

was observed for each surgical timing group.  

Children who received surgery before 3 years of age showed less severe 

hypernasality than those who received surgery after 3 years of age. For children who 

received palatal surgery after age 3 years, about half of them (57.9%) were rated as 

having moderate or severe hypernasality. However, for those who received early 

surgery before age 3 years, only 22% to 33% of them were considered to have 

moderate or severe hypernasality.  
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Nasal air flow by surgical timing. Results of the Kruskal-Wallis H test 

showed no significant difference in the ratings of audible nasal emission (H (2) = 

5.176, p = .075) or nasal turbulence (H (2) = 3.311, p =.191) among surgical timing 

groups. Table 4.31 shows ratings on audible nasal emission among children with 

CP±L who had different surgery times, and ratings on nasal turbulence by surgical 

timing. Rows show the rating scales for audible nasal emission and nasal turbulence, 

and columns show the three surgical timings. 

For children who had primary surgery between 1-3 years of age (n =18), only 

16.7 % (n = 3) of them presented audible nasal emissions more than twice. For 

children who had primary surgery after age 3 years (n = 19), 52.6% (n = 10) presented 

audible nasal emission more than twice. However, for 9 children who had primary 

surgery before 1 year of age, 44.4% (n = 4) presented audible emission more than 

twice, and 55.6% (n = 5) did not show any audible nasal emission. Children who 

received surgery before age 3 years presented less audible nasal emissions than those 

who received surgery after age 3 years.  

In terms of nasal turbulence, 55.6% of children who had surgery before 1 year 

of age did not present any occurrences. The same percent (55.6%) of children who 

had surgery between ages 1-3 years did not show any nasal turbulence. For children 

who had surgery after age 3 years, 84.2% of them (n=16) did not show any nasal 

turbulence. Thirty-three percent of children who had surgery before 1 year of age 

presented nasal turbulence more than twice, followed by children who had surgery 

after age 3 years (15.8%), and children who had surgery between ages 1 and 3 years 

(11.1%). The above results indicate that children who had surgery after age 3 years 

present less nasal turbulence than those who had surgery before age 3 years. 
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Tone by surgical timing. Since the majority (n= 44, 95.7%) of children with 

CP±L had normal tone production, no significant difference was found among 

surgical timing groups.  

 CTCs by surgical timing. For oral CTCs, no significant difference among 

the surgery groups was reported in any anterior (de-retroflexization, H (2) = .822. p = 

.662; de-affrication, H (2) = .112, p = .946; palatalization, H (2) = 1.070, p = .586) or 

posterior (double articulation without glottals, H (2) = 1.044, p = .593; backing to 

velar, H (2) = 1.517, p = .468) oral CTCs. 

Table 4.32 shows ratings on oral CTCs among three surgical timing groups. 

Rows show the oral (i.e., anterior and posterior) CTCs, and columns show the surgical 

timings. For de-retroflexization, 33% of children (n = 3) who had early surgery by age 

1 year did not present any de-retroflexization CTC, while for the other two surgical 

timing groups, approximately 50% of children did not present de-retroflexization 

CTC. In terms of de-affrication, more than 50% of all three surgical timing groups of 

children presented this characteristic more than twice.  

No significant difference was found among three surgery groups in any non-

oral (pharyngeal articulation, H (2) = 3.581, p = .167; glottal articulation, H (2) = 2.230, 

p = .328; active nasal fricative, H (2) = .061, p = .970; double articulation with glottals, 

H (2) = 1.674, p = .433) or passive (weak consonants, H (2) = 2.736, p = .255; passive 

nasal fricative, H (2) = .288, p = .866; gliding fricative/affricates, H (2) = 2.095. p = 

.351) CTCs.  

Table 4.33 shows ratings on non-oral CTCs among three surgical timing 

groups. Rows show the parameters of non-oral CTCs and passive CTCs, and columns 

show the surgical timings. Based on Table 4.33, the following part will address each 

parameter among surgical timing groups. For children who had surgery before 1 year 
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of age, none of them presented pharyngeal articulation, while about 20% children in 

each of the other two surgery groups presented pharyngeal articulation more than 

twice. In terms of glottal articulation, 55.6% of children (n = 5) who had surgery 

before age 1 year presented with at least once occurrence, 61.1% of children (n = 11) 

who had surgery between 1 and 3 years of age presented at least one glottal 

articulation, and 79% of children who had surgery after age 3 years presented at least 

one occurrence. For active nasal fricative, approximately 66% of children in each 

surgical timing group did not present with any occurrence. For double articulation 

with glottal stops, 22.2% of children (n = 2) who had surgery before age 1 year, 5.6% 

of children (n = 1) who had surgery between age 1 and 3 years, and 10.5% of children 

(n = 2) who had surgery after age 3 years presented this characteristic.  

In terms of passive CTCs, inconsistent patterns were found from the rating 

distributions in Table 4.33. Approximately 84.2% of children who had late surgery 

after age 3 years showed weak consonants more than twice, 72.2% of children who 

had surgery between ages 1 and 3 years showed weak consonants more than twice, 

and only 55.6% of children who had early surgery by age 1 year showed weak 

consonants more than twice. Also, the early surgery group showed the highest 

percentage (44%, n =4) of children who did not produce weak consonants compared 

to children who had surgery between ages 1 and 3 years (16.7%), and children who 

had late surgery after age 3 years (15.8%). Similar proportions (about 50%) of 

children in each surgical timing group presented passive nasal fricatives at least once. 

Only 11.1 % of children (n = 1) who had early surgery before age 1 year, 22.2% of 

children (n = 4) who had surgery between ages 1 and 3 years, and 5.6% of children (n 

= 1) who had late surgery after age 3 years used gliding fricative/affricates.  
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Table 4.1 

Consonant Inventory by Participant 

ID Age 
Surgical 

timing 
Present sounds Missing sounds 

1 5 <1  
pʰ, tʰ, kʰ, s, ɕ, ʂ, x, tɕ, l, ʐ, m, n, ŋ 

(13) 

p, t, k, f, tʂ, ts, tʂʰ, tɕʰ, 

tsʰ (9) 

2 5 <1  
p, pʰ, tʰ, k, kʰ, f, s, ɕ, ʂ, x, ts, tsʰ, 

tɕʰ, tʂʰ, l, m, n, ŋ (17) 
t, k, tɕ, tʂ, ʐ, (5) 

3 5 1 ~ 3  
p, pʰ, t, tʰ, k, kʰ, f, s, ɕ, ʂ, x, tʂ, ts, 

tsʰ tɕ, tɕʰ, tʂʰ, l, ʐ, m, n, ŋ (22) 
 

4 5 1 ~ 3 p, pʰ, t, k, f, tsʰ, l, ʐ, m, n, ŋ (11) 
tʰ, kʰ, s, ɕ, ʂ, x, tʂ, ts, 
tɕ, tʂʰ, tɕʰ (11) 

5 5 1 ~ 3 
p, pʰ, k, kʰ, f, ɕ, ʂ, x, tʂ, l, ʐ, m, n, 

ŋ (14) 

t, tʰ, s, ts, tsʰ, tɕ, tɕʰ, 

tʂʰ (8) 

6 5 1 ~ 3 
p, pʰ, t, tʰ, k, kʰ, f, s, ɕ, ʂ, x, tʂ, ts, 

tsʰ, tɕ, tɕʰ, tʂʰ, l, ʐ, m, n, ŋ (22) 
 

7 5 > 3 
pʰ, tʰ, s, ɕ, ʂ, x, ts, tsʰ, tɕ, ʐ, m, n, ŋ 

(13) 

p, t, k, kʰ, f, tʂ, tʂʰ, tɕʰ, 

l (9) 

8 5 > 3 
p, pʰ, t, tʰ, k, kʰ, f, s, ɕ, ʂ, x, tʂ, ts, 

tsʰ, tɕ, tɕʰ, tʂʰ, l, ʐ, m, n, ŋ (22) 
 

9 5 > 3 
t, k, kʰ, f, s, ɕ, ʂ, x, l, ʐ, m, n, ŋ 

(12) 

p, pʰ, tʰ, s, tɕ, tʂʰ, tɕʰ, 

tsʰ, tʂ, ts (10) 

10 5 > 3 p, pʰ, t, ɕ, x, l, ʐ, m, n, ŋ (10) 
tʰ, kʰ, k, f, s, ʂ, tʂ, ts, 

tɕ, tʂʰ, tɕʰ, tsʰ (12) 

11 6 <1 
p, pʰ, t, k, kʰ, f, s, ɕ, ʂ, x, ts, tɕ, tɕʰ, 

tʂʰ, l, ʐ, m, n, ŋ (19) 
tʰ, tʂ, tsʰ (3) 

12 6 <1 
p, pʰ, t, tʰ, k, kʰ, f, s, ɕ, ʂ, x, tʂ, ts, 

tɕ, tɕʰ, l, ʐ, m, n, ŋ (20) 
tsʰ, tʂʰ (2) 

13 6 <1 
p, pʰ, t, tʰ, f, s, ɕ, ʂ, x, tɕʰ, tʂʰ, l, ʐ, 

m, n, ŋ (16) 
k, kʰ, tʂ, ts, tsʰ, tɕ (6) 

14 6 1 ~ 3 
p, pʰ, t, tʰ, f, s, ɕ, ʂ, x, l, m, n, ŋ 

(13) 

k, kʰ, ts, tɕ, tʂ, tʂʰ, tɕʰ, 

tsʰ, ʐ (9) 

15 6 1 ~ 3 
p, pʰ, t, tʰ, kʰ, f, s, ɕ, x, ts, tsʰ, tɕʰ, 

l, ʐ, m, n, ŋ (17) 
k, ʂ, tʂ, tʂʰ, tɕ (5) 

16 6 1 ~ 3 
p, pʰ, t, tʰ, k, kʰ, f, s, ɕ, ʂ, x, tsʰ, tɕʰ, 

tʂʰ, l, ʐ, m, n, ŋ (19) 
ts, tʂ, tɕ (3) 
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Table 4.1 (Continued) 

ID Age 
Surgical 

timing 
Present sounds Missing sounds 

17 6 1 ~ 3 
p, pʰ, t, tʰ, k, kʰ, f, s, ɕ, ʂ, x, ts, tsʰ, tɕʰ, 

l, ʐ, m, n, ŋ (19) 
tʂʰ, tʂ, tɕ (3) 

18 6 1 ~ 3 
p, pʰ, t, tʰ, k, kʰ, f, s, ɕ, ʂ, x, tʂ, ts, tsʰ, 

tɕ, tɕʰ, tʂʰ, l, ʐ, m, n, ŋ (22) 
 

19 6 1 ~ 3 
p, pʰ, k, kʰ, s, ɕ, ʂ, x, tsʰ, tɕʰ, l, ʐ, m, n, 

ŋ (15) 
tʰ, t, f, tʂ, tʂʰ, ts, tɕ, (7) 

20 6 1 ~ 3 
p, pʰ, t, tʰ, k, kʰ, f, s, ɕ, ʂ, x, tʂ, ts, tsʰ, 

tɕ, tɕʰ, tʂʰ, l, ʐ, m, n, ŋ (22) 
 

21 6 > 3 
p, pʰ, t, tʰ, kʰ, f, s, ɕ, ʂ, x, tsʰ, tɕʰ, tʂʰ, l, 
ʐ, m, n, ŋ (18) 

k, tʂ, ts, tɕ (4) 

22 6 > 3 
p, pʰ, t, tʰ, k, kʰ, f, x, ts, tsʰ, tɕ, tɕʰ, l, m, 

n, ŋ (16) 
s, ɕ, ʂ, tʂ, tʂʰ, ʐ (6) 

23 6 > 3 
p, pʰ, t, tʰ, k, kʰ, f, s, ɕ, ʂ, x, ts, tɕ, l, ʐ, 

m, n, ŋ (18) 
tʂ, tʂʰ, tɕʰ, tsʰ (4) 

24 6 > 3 p, pʰ, t, f, s, ɕ, x, l, ʐ, m, n, ŋ (12) 
tʰ, k, kʰ, ʂ, tʂ, ts, tsʰ, tɕ, 

tʂʰ, tɕʰ (10) 

25 6 > 3 
p, pʰ, t, tʰ, k, kʰ, f, s, ɕ, ʂ, x, tsʰ, tɕʰ, tʂʰ, 

l, ʐ, m, n, ŋ (19) 
ts, tʂ, tɕ (3) 

26 6 > 3 
p, pʰ, t, tʰ, k, kʰ, f, s, ɕ, ʂ, x, tʂ, tsʰ, tɕʰ, 

l, ʐ, m, n, ŋ (18) 
ts, tɕ, tʂʰ, tʂ (4) 

27 6 > 3 
p, pʰ, t, tʰ, k, kʰ, f, s, ɕ, ʂ, x, ts, tsʰ, tɕʰ, 

l, ʐ, m, n, ŋ (19) 
tʂ, tʂʰ, tɕ, (3) 

28 6 > 3 
p, pʰ, t, tʰ, k, kʰ, f, s, ɕ, ʂ, x, ts, tsʰ, tɕʰ, 

tʂʰ, l, ʐ, m, n, ŋ (19) 
tʂ, tɕ (2) 

29 7 <1 
p, pʰ, t, tʰ, k, kʰ, f, s, ɕ, ʂ, x, tʂ, ts, tsʰ, 

tɕ, tɕʰ, tʂʰ, l, ʐ, m, n, ŋ (22) 
 

30 7 <1 
p, pʰ, t, tʰ, k, kʰ, f, s, ɕ, ʂ, x, tsʰ, tɕʰ, tʂʰ, 

l, ʐ, m, n, ŋ (19) 
tʂ, ts, tɕ (3) 

31 7 <1 
p, pʰ, t, tʰ, k, kʰ, f, s, ɕ, ʂ, x, tʂ, ts, tsʰ, 

tɕ, tɕʰ, tʂʰ, l, ʐ, m, n, ŋ (22) 
 

32 7 <1 
p, pʰ, t, tʰ, k, kʰ, f, s, ɕ, ʂ, x, tʂ, ts, tsʰ, 

tɕ, tɕʰ, tʂʰ, l, ʐ, m, n, ŋ (22) 
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Table 4.1 (Continued) 

ID Age 
Surgical 

timing 
Present sounds Missing sounds 

33 7 1 ~ 3 
pʰ, tʰ, f, s, ɕ, ʂ, x, tsʰ, tʂʰ, tɕʰ, l, ʐ, m, n, 

ŋ (15) 
p, t, k, kʰ, tʂ, ts, tɕ (7) 

34 7 1 ~ 3 
p, pʰ, t, tʰ, k, kʰ, f, ɕ, ʂ, x, tʂ, ts, tɕ, tɕʰ, 

tʂʰ, l, ʐ, m, n, ŋ (20) 
s, tsʰ (2) 

35 7 1 ~ 3 p, pʰ, t, tʰ, k, f, x, l, ʐ, m, n, ŋ (13) 
kʰ, s, ɕ, ʂ, ts, tʂ, tʂʰ, tɕ, tɕʰ 

(9) 

36 7 1 ~ 3 p, pʰ, x, l, ʐ, m, n, ŋ (8) 
tʰ, t, k, f, kʰ, s, ʂ, ɕ, tʂ, ts, 

tɕ, tʂʰ, tɕʰ, tsʰ (14) 

37 7 1 ~ 3 
p, pʰ, t, tʰ, k, kʰ, f, s, ɕ, ʂ, x, ts, tsʰ, tɕ, 
tɕʰ, l, ʐ, m, n, ŋ (19) 

k, tʂ, tʂʰ (3) 

38 7 1 ~ 3 
p, pʰ, t, tʰ, k, kʰ, f, s, ɕ, ʂ, x, ts, tsʰ, tɕʰ, 

tʂʰ, l, ʐ, m, n, ŋ (22) 
 

39 7 > 3 
p, pʰ, t, tʰ, k, kʰ, f, s, ɕ, ʂ, x, ts, tsʰ, tɕ, 

tɕʰ, tʂʰ, l, ʐ, m, n, ŋ (21) 
ts (1) 

40 7 > 3 l, ʐ, m, n, ŋ (5) 
pʰ, p, f, x, t, tʰ, k, kʰ, s, ɕ, ʂ, 

tʂ, ts, tɕ, tʂʰ, tsʰ, tɕʰ (17) 

41 7 > 3 
pʰ, t, tʰ, k, kʰ, f, s, ɕ, ʂ, x, tʂ, ts, tsʰ, tɕ, 

tɕʰ, tʂʰ, l, ʐ, m, n, ŋ (21) 
p (1) 

42 8 1 ~ 3 p, t, f, x, l, ʐ, m, n, ŋ (9) 
pʰ, tʰ, kʰ, k, s, ɕ, ʂ, ts, tsʰ, 

tɕ, tʂʰ, tʂ, tɕʰ (13) 

43 8 > 3 
p, pʰ, t, tʰ, k, kʰ, f, s, ɕ, ʂ, x, ts, tsʰ, tɕʰ, 

tʂʰ, l, ʐ, m, n, ŋ (20) 
tʂ, tɕ (1) 

44 8 > 3 p, t, s, ɕ, x, ts, tɕʰ, l, ʐ, m, n, ŋ (12) 
pʰ, tʰ, k, kʰ, f, ʂ, tʂ, tɕ, tʂʰ, 

tsʰ (10) 

45 8 > 3 
p, pʰ, t, tʰ, kʰ, f, s, ɕ, ʂ, x, tʂ, ts, tsʰ, tɕ, 

tɕʰ, tʂʰ, l, ʐ, m, n, ŋ (21) 
k (1) 

46 8 > 3 
p, pʰ, t, tʰ, k, kʰ, f, s, ɕ, ʂ, x, tsʰ, tɕʰ, l, ʐ, 

m, n, ŋ (18) 
tʂ, tʂʰ, ts, tɕ (4) 
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Table 4.2  

Consonant Inventory Size by Age 

Age n 
Size of consonant inventory 

Median (min-max) 

5 years 10 13.5 (10-22) 

6 years 18 18.5 (12-22) 

7 years 13 20 (5-22) 

8 years 5 18 (9-21) 
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Table 4.3  

Consonant Inventory Size by Surgical Timing  

Surgical timing n 
Size of consonant inventory 

Median (min-max) 

Before 1 year 9 19 (13-22) 

1 to 3 years 18 18 (7-22) 

After 3 years 19 18 (5-22) 
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Table 4.4 

Consonant Inventory Size in Each Age Group by Surgical Timing 

Age 

Size of Consonant Inventory by Surgical Timing 

Before  

1 year 

Between  

1 year to 3 years 

After  

3 years 

n 
Median 

(min-max) 
n 

Median 

(min-max) 
n 

Median 

(min-max) 

5 years 2 15 (13-17) 4 18 (11-22) 4 12.5 (10-22) 

6 years 3 19 (16-20) 7 19 (13-22) 8 18 (12-20) 

7 years 4 22 (19-22) 6 17 (7-22) 3 21 (5-21) 

8 years 0  (-) 1 9 (9-9) 4 19 (12-21) 
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Table 4.5 

Overall Speech Accuracy Between Children with CP±L and Typically-Developing 

(TD) Children  

Overall 

speech 

accuracy 

CP±L Group 

Median % (min-

max) 

TD Group Median 

%  

(min-max) 

Z p 

PCC 64.8 (20.8-98.9) 99.5 (85.6-100) -7.52 < .001* 

PCM 70.5 (30.2-98.9) 100 (95.2-100) -7.69 < .001* 

PCP 72.8 (32.6-99.4) 100 (89.4-100) -7.43 < .001* 

Note: * α level adjusted to .017. PCC: percentage of correct consonants; 

PCP: percentage of correct places; PCM: percentage of correct manners. 
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Table 4.6 

Severity of Speech Sound Disorder for Children with CP±L 

Severity of Speech Sound Disorder 
Children with CP±L 

n = 46 (Percent of Sample) 

Mild (PCC 85%-99.9%) 7 (15.22%) 

Mild to moderate (PCC 65%-84.99%) 14 (30.43%) 

Moderate to severe (PCC 50% -64.99%) 10 (21.74%) 

Severe (PCC < 50%) 15 (32.61%) 

Note: PCC: percentage of correct consonants   
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Table 4.7  

Percent Correct for Each Place Between Children with CP±L and Typically-

Developing Children  

Place 
CP±L Group 

(n = 46)  

TD Group 

(n = 37) 
Z p 

labial 78.1 (28.1-100) 100 (96.9-100) -7.329 < .001* 

alveolar 54.2 (24.2-98.5) 100 (57.6-100) -7.247 < .001* 

alveopalatal 56.6 (0-100) 100 (86.9-100) -7.115 < .001* 

retroflex 43.5 (4.3-100) 100 (72.7-100) -6.994 < .001* 

velar 72.4 (24.1-100) 100 (89.7-100) -6.879 < .001* 

Note: *α level is .05 
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Table 4.8 

Percent Correct for Each Manner Between Children with CP±L and Typically-

Developing Children 

Manner 
CP±L Group  

Median % (min-max) 

TD Group  

Median % (min-

max) 

Z p 

stop 60.4 (0-100) 100 (94.3-100) -7.709 < .001* 

fricative 82.5 (2.5-100) 100 (90.0-100) -6.451 < .001* 

affricate 32.9 (0-100) 100 (65.2-100) -7.138 < .001* 

liquid 54.5 (0-100) 100 (45.5-100) -6.283 < .001* 

nasal 96.3 (85.2-100) 100 (88.9-100) -2.289 .022* 

Note: *α level is .05  
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Table 4.9  

Overall Speech Accuracy by Age of Children with CP±L 

Overall 

Speech 

Accuracy 

5 years 

(n = 10) 

6 years 

(n = 18) 

7 years 

(n = 13) 

8 years 

(n = 5) 
H p 

PCC 52.1 (26.3-98.9) 62 (39.9-96.6) 73.4 (20.8-98.3) 64 (40.7-92.4) 1.283 .733 

PCM 69.2 (33-99.4) 69.2 (51.1-98.9) 84.7 (32.6-98.8) 
72.5 (48.3-

93.6) 
1.520 .678 

PCP 63.3 (30.2-98.9) 70.5 (46.2-97.2) 82.5 (36.3-98.9) 
71.9 (48.3-
98.3) 

1.515 .679 

Note: PCC: percentage of correct consonants; PCP: percentage of correct places; PCM: percentage 

of correct manners 
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Table 4.10 

Overall Speech Accuracy by Age of Typically-Developing Children  

Overall 

Speech 

Accuracy 

5 years 

n = 6 

6 years 

n = 10 

7 years 

n = 12 

8 years 

n = 9 
H p 

PCC 
94.9 (85.6-

98.1) 

99.5 (98.5-

100) 

99.8 (96.1-

100) 

100 (92.2-

100) 
13.54 .004* 

PCM 99 (95.2-100) 100 (99.5-100) 
100 (98.5-

100) 
100 (98-100) 4.29 .232 

PCP 95.6 (89.4-99) 
99.8 (98.5-

100) 

100 (96.1-

100) 

100 (95.1-

100) 
14.57 .002* 

Note: * α level adjusted to.017. PCC: percentage of correct consonants; PCP: percentage 

of correct places; PCM: percentage of correct manners  
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Table 4.11 

Percent Correct for Each Place by Age of Children with CP±L   

Place 
5 years old  

 (n=10) 

6 years old  

(n=18) 

7 years old 

 (n=13) 

8 years old 

 (n=5) 
H  p 

labial 
70.1 (41.9-

100) 
87.3 (43.8-100) 71.9 (28.1-93.5) 

73.3 (61.3-

100) 
1.802 .614 

alveolar 
41.6 (24.2-

98.5) 
58.7 (34.8-93.9) 66.2 (24.2-98.5) 67.2 (37.9-97) 2.041 .564 

alveopalatal 44.4 (0-96.3) 52.8 (15.4-100) 66.7 (0-100) 63 (3.8-96) .749 .862 

retroflex 
49.1 (12.5-

100) 
43.5 (8.7-100) 65.2 (4.3-100) 26.1 (10-100) .444 .931 

velar 
67.1 (34.5-

100) 
75.9 (46.7-100) 65.5 (24.1-100) 

64.3 (48.1-

92.9) 
.807 .848 
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Table 4.12 

Percent Correct for Each Place by Age of Typically-Developing Children   

Place 
5 years old  

 (n=6) 

6 years old  

(n=10) 

7 years old 

 (n=12) 

8 years old 

 (n=9) 
H  p 

labial 
98.6 (97.1-

100) 

100 (100-

100) 

100 (96.9-

100) 

100 (100-

100) 
9.179 .027* 

alveolar 
94.6 (57.6-

97) 

100 (95.5-

100) 

100 (95.4-

100) 
100 (91-100) 14.944 .002* 

alveopalatal 
95.7 (91.3-

100) 

100 (97.9-

100) 

100 (95.7-

100) 
100 (87-100) 8.142 .043* 

retroflex 
100 (91.7-

100) 

100 (91.7-

100) 

100 (90.9-

100) 

100 (72.7-

100) 
1.412 .703 

velar 
100 (96.6-

100) 

100 (100-

100) 

100 (89.7-

100) 

100 (100-

100) 
7.328 .062 

Note: * α level was .05 
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Table 4.13 

Percent Correct for Each Manner by Age of Children with CP±L   

Manner 
5 years old  

 (n=10) 

6 years old  

(n=18) 

7 years old 

 (n=13) 

8 years old 

 (n=5) 
H  p 

affricate 15.5 (0-100) 28.9 (2.2-95.7) 56.5 (0-100) 34.8 (6.5-95.6) 1.553 .670 

fricative 77.9 (14.6-97.6) 78.8 (17.1-100) 84.6 (2.5-100) 73.2 (47.4-100) 0.344 .952 

liquid 43.6 (0-100) 45.5 (18.2-100) 60 (9.1-100) 63.6 (18.2-100) 1.676 .642 

nasal 98.1 (96.2-100) 96.2 (88.5-100) 100 (85.2-100) 100 (96.2-100) 6.843 .077 

stop 39.3 (20.8-100) 58.7 (30.2-98.1) 60.4 (0-98.1) 66 (27.5-80.8) 0.85 .838 
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Table 4.14 

Percent Correct for Each Manner by Age of Typically-Developing Children   

Manner 
5 years old  

 (n=6) 

6 years old  

(n=10) 

7 years old 

 (n=12) 

8 years old 

 (n=9) 
H  p 

affricate 
90.2 (65.2-

97.8) 

100 (97.8-

100) 

100 (93.3-

100) 

100 (84.8-

100) 
16.749 .001* 

fricative 95 (90-100) 
100 (97.4-

100) 
100 (95-100) 

100 (92.1-

100) 
11.672 .009* 

liquid 
95.5 (45.5-

100) 
100 (90-100) 

100 (90.9-

100) 

100 (72.7-

100) 
5.064 .167 

nasal 
100 (88.9-

100) 

100 (92.6-

100) 

100 (92.3-

100) 
100 (96-100) 0.276 .965 

stop 
98.1 (94.3-

100) 

100 (98.1-

100) 

100 (98.1-

100) 

100 (98.1-

100) 
13.227 .004* 

Note: * α level was .05  
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Table 4.15 

Overall Speech Accuracy by Surgical Timing of Children with CP±L   

Overall 

Speech 

Accuracy 

Before 

1 year  

 (n=9) 

Between  

1 to 3 years  

(n=18) 

After  

3 years 

 (n=19) 

H  p  

PCC 63.6 (37.6-98.3) 60.3 (22.9-96.6) 64.0 (20.8-98.9) .294 .863 

PCP 74.4 (42.8-98.8) 68.8 (32.9-98.9) 72.5 (32.6-99.4) .704 .703 

PCM 72.0 (57.8-98.3) 66.6 (30.2-98.9) 71.9 (41.6-98.9) .102 .950 
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Table 4.16 

Percent Correct for Each Place by Surgical Timing  

Place 
Before 

1 year  

 (n=9) 

Between 

1 to 3 years  

(n=18) 

After 

3 years 

 (n=19) 

H p 

labial 83.9 (41.9-96.9) 81.3 (43.8-100) 70 (28.1-100) 2.160 .340 

alveolar 51.5 (32.8-98.5) 52.6 (24.2-93.9) 
64.6 (27.1-

98.5) 
.193 .908 

alveopalatal 71.4 (33.3-100) 51.9 (0-100) 53.9 (0-96.3) 3.074 .215 

retroflex 65.2 (28.6-100) 36.4 (4.4-100) 41.7 (4.6-100) 3.407 .182 

velar 82.8 (55.1-100) 70.7 (24.1-100) 
72.4 (27.6-

100) 
.927 .629 
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Table 4.17 

Percent Correct for Each Manner by Surgical Timing  

Manner 
Before 

1 year  

 (n=9) 

Between 

1 to 3 years  

(n=18) 

After 

3 years 

 (n=19) 

H p 

affricate 43.5 (4.6-100) 22.5 (0-95.7) 30.4 (0-100) 1.036 .596 

fricative 85 (57.9-100) 81. (2.5-100) 82.5 (10-100) 1.358 .507 

liquid 
36.36 (18.18-

100) 
57.3 (27.3-100) 54.6 (0-100) .526 .769 

nasal 96.3 (92.6-100) 96.3 (85.2-100) 100 (88.5-100) 1.393 .498 

stop 50.9 (22.6-96.3) 57.6 (18.9-98.1) 62.8 (0-100) .362 .834 
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Table 4.18 

Confirmed Phonological Processes by Number of Participants  

  5-year-olds 6-year-olds 7-year-olds 8-year-olds 

Category 

Confirmed 

Phonological 

process 

CP±L 

(n=10) 

 TD 

(n=6) 

CP±L 

(n=18) 

TD 

(n=10) 

CP±L 

(n=13) 

TD 

(n=12) 

CP±L 

(n=5) 

TD 

(n=9

) 

Syllable 

changes 
SICD 2 0 2 0 1 0 1 0 

Place 

changes 

velar fronting 1 0 2 0 0 0 0 0 

glottalization 2 0 0 0 1 0 2 0 

 stopping 1 0 2 0 2 0 3 0 

Manner 

changes 

nasal assimilation 0 0 1 0 0 0 2 0 

de-affrication 6 0 13 0 3 0 2 0 

de-retroflexization 0 1 2 0 1 0 0 1 

Voicing 

changes 
de-aspiration 1 0 0 0 1 0 2 0 

Note: SICD: syllable-initial consonant deletion; TD: typically-developing children 
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Table 4.19 

Percent of Occurrences of Phonological Processes by Ages of Children with CP±L 

Category  
Phonological 

process 

5 years 

(n=10) 

6 years 

(n=18) 

7 years 

(n=13) 

8 years 

(n=5) 
H p 

Syllable 

changes 
SICD 4.4 (0-49.7) 11.4 (0-20.9) 5.2 (0-22.1) 10.6 (0-22) 2.71 .44 

Place 

changes 

velar fronting 0 (0-41.4) 3.4 (0-24.1) 0 (0-3.4) 0 (0-14.8) 7.26 .06 

de-

retroflexization 
0 (0-13) 4.3 (0-63.6) 0 (0-26.1) 4.8 (0-19) 1.22 .75 

glottalization 4.5 (0-32.1) 3.6 (0-16.4) 1.2 (0-31.5) 6.1 (0-21.2) 2.59 .46 

Manner 

changes 

stopping 2.5 (0-43.9) 3.9 (0-51.2) 3.8 (0-65) 
12.3 (2.2-

30.8) 
4.57 .21 

nasal 

assimilation 
3.6 (0-17.9) 3.6 (0-32.1) 5.4 (0-14.3) 5.4 (3.6-25) 2.29 .52 

de-affrication 
33.7 (0-

77.8) 
30.4 (0-71.7) 5.4 (0-65.2) 18.5 (0-39) 6.76 .08 

Voicing 

changes 
de-aspiration 0 (0-33.3) 0 (0-12.8) 3.9 (0-43.6) 0.3 (0-39.5) 1.96 .58 

Note: *α level was .05 for syllable changes and voicing changes, adjusted to .025 for place 
changes, adjusted to .0125 for manner changes. SICD: syllable-initial consonant deletion 
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Table 4.20 

Percent of Occurrences of Phonological Processes by Surgical Timing  

Category 
Phonological 

process 

Before 

1 year  

 (n=9) 

Between 

1 to 3 years  

(n=18) 

After 

3 years 

 (n=19) 

H p 

Syllable 

changes 
SICD 5.5 (0-18.5) 9.8 (0-49.7) 8.9 (0-30.1) .671 .715 

Place 

changes 

velar fronting 0 (0-10.3) 0 (0-13.8) 3.4 (0-41.4) 1.926 .382 

de-

retroflexization 
0 (0-26.1) 4.3 (0-63.6) 0 (0-31.8) .925 .630 

glottalization 1.2 (0-25.5) 3.6 (0-21.2) 5.5 (0-32.1) .808 .668 

Manner 

changes 

stopping 2.5 (0-10) 5 (0-52.5) 2.6 (0-65) 1.893 .388 

nasal 

assimilation 
0 (0-7.1) 3.6 (0-14.3) 7.1 (0-32.1) 10.293 .006* 

de-affrication 14.3 (0-65.9) 
28.3 (0-

73.3) 
19.6 (0-77.8) .319 .853 

Voicing 

changes 
de-aspiration 0 (0-7.5) 1.3 (0-39.5) 0.6 (0-43.6) .837 .658 

Note: *α level was .05 for syllable changes and voicing changes, adjusted to .025 for 
place changes, adjusted to .0125 for manner changes. SICD: syllable-initial consonant 

deletion  
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Table 4.21 

Ratings on Speech Intelligibility by Age 

Rating 
Description of speech 

intelligibility 

5 years 

(n=10) 

6 years 

(n=18) 

7 years 

(n=13) 

8 years 

(n=5) 

Total 

(n=46) 

0 normal 3 (30%) 1 (5.6%) 3 (23.1%) 0 7 (15.2%) 

1 
10% unintelligible 

speech 
1 (10%) 5 (27.8%) 2 (15.4%) 1 (20%) 9 (19.6%) 

2 
30% unintelligible 

speech 
1 (10%) 9 (50%) 3 (23.1%) 0 

13 

(28.3%) 

3 
50% unintelligible 

speech  
2 (20%) 3 (16.7) 3 (23.1%) 2 (40%) 

10 

(21.7%) 

4 
80% unintelligible 

speech  
3 (30%) 0 2 (15.4%) 2 (40%) 7 (15.2%) 
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Table 4.22 

Ratings on Hypernasality by Age 

Ratings Description 
5 years 

(n=10) 

6 years 

(n=18) 

7 years 

(n=13) 

8 years 

(n=5) 
Total 

0 normal 3 (30%) 8 (44.4%) 3 (23.1%) 0 14 (30%) 

1 minimal 4 (40%) 4 (22.2%) 1 (7.7%) 2 (40%) 11 (24%) 

2 mild 0 2 (11.1%) 1 (7.7%) 0 3 (7%) 

3 moderate 1 (10%) 4 (22.2%) 6 (46.2%) 0 11 (24%) 

4 severe 2 (20%) 0 2 (15.4%) 3 (60%) 7 (15%) 
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Table 4.23 

Ratings on Nasal Airflow by Age 

 Ratings Description 
5 years 

(n=10) 

6 years 

(n=18) 

7 years 

(n=13) 

8 years 

(n=5) 

Total 

(n=46) 

A
u
d
ib

le
 N

as
al

 E
m

is
si

o
n
 

0 Absent 8 (80%) 8 (44.4%) 9 (69.2%) 2 (40%) 
27 

(58.7%) 

1 occasionally 0 1 (5.6%) 0 1 (20%) 2 (4.3%) 

2 frequently 2 (20%) 9 (50%) 4 (30.8%) 2 (40%) 17 (37%) 

N
as

al
 T

u
rb

u
le

n
ce

 0 Absent 5 (50%) 11 (61.1%) 11 (84.6%) 4 (80%) 
31 

(67.4%) 

1 occasionally 2 (20%) 3 (16.7%) 0 0 5 (10.9%) 

2 frequently 3 (30%) 4 (22.2%) 2 (15.4%) 1 (20%) 
10 

(21.7%) 
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Table 4.24 

Sounds Produced with Abnormal Nasal Airflow 

ID Age 
Surgical 

timinga 

Sounds produced with 

audible nasal emission 

Sounds produced with nasal 

turbulence 

1 5 <1 tʰ, kʰ, s, ɕ  

2 5 <1  ʂ 

3 5 1 ~ 3  
p, pʰ, t, tʰ, k, kʰ, f, ɕ, ʂ, tʂ, ts, 

tsʰ, tɕ, tɕʰ, tʂʰ 

4 5 1 ~ 3  p 

5 5 1 ~ 3  k, f, ɕ, ʂ, x 

6 5 1 ~ 3  s, ɕ, ʂ, tʂ, ts, tsʰ tʂʰ, ɹ, 

7 5 > 3   

8 5 > 3   

9 5 > 3 t, k, kʰ, f, s, ɕ, ʂ  

10 5 > 3   

11 6 <1  ts, tɕ 

12 6 <1 
p, pʰ, t, tʰ, k, kʰ, f, s, ɕ, ʂ, x, tʂ, ts, 

tɕ, tɕʰ 
 

13 6 <1 pʰ, tʰ, f, ʂ 

14 6 1 ~ 3   

15 6 1 ~ 3  kʰ, x 

16 6 1 ~ 3 tʰ, s, ɕ, ʂ, x, tɕʰ, tʂʰ  

17 6 1 ~ 3 s, ɕ,  

18 6 1 ~ 3  
pʰ, t, tʰ, k, kʰ, s, ʂ, x, tʂ, ts, tsʰ, 

tɕ, tɕʰ 

19 6 1 ~ 3 p, pʰ, s, ʂ, tɕʰ  

20 6 1 ~ 3  p, t, tʰ, k, tʂ, ts, tɕ, tɕʰ, tʂʰ 

21 6 > 3 pʰ, tʰ, kʰ, f, s, ɕ, ʂ, tsʰ, tɕʰ, tʂʰ  

22 6 > 3  ts, tɕ, tɕʰ 

23 6 > 3 f, s, ɕ, ʂ, ts, tɕ  

Note: “< 1” stands for “before one year old; “1~3” stands for “between one to three years”; 
“> 3” stands for after three years.   
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Table 4.24 

(Continued) 

ID Age 
Surgical 

timing 

Sounds produced with 

audible nasal emission 

Sounds produced with 

nasal turbulence 

24 6 > 3   

25 6 > 3 pʰ, k, kʰ, x, tɕʰ  

26 6 > 3 tʰ, s, ɕ, ʂ, tsʰ, tɕʰ  

27 6 > 3  s, ʂ, ts 

28 6 > 3 pʰ, tʰ, f, s, ʂ, tsʰ, tɕʰ  

29 7 <1   

30 7 <1 s, tsʰ, tɕʰ, tʂʰ  

31 7 <1   

32 7 <1  
t, tʰ, k, f, s, ɕ, ʂ, tʂ, ts, 

tsʰ, tɕ, tɕʰ, tʂʰ 

33 7 1 ~ 3   

34 7 1 ~ 3   

35 7 1 ~ 3   

36 7 1 ~ 3   

37 7 1 ~ 3 s, ʂ, ts, tɕʰ  

38 7 1 ~ 3  f, s, tɕʰ 

39 7 > 3 pʰ, s, ɕ, ʂ, tɕʰ  

40 7 > 3   

41 7 > 3 pʰ, tʰ, k,  

42 8 1 ~ 3   

43 8 > 3 tʰ, f, ʂ, tʂʰ t, k, s 

44 8 > 3 s, tɕʰ  

45 8 > 3   

46 8 > 3 tʰ, kʰ, f, s, ɕ, ʂ, tsʰ, tɕʰ  
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Table 4.25 

Number of Children Who Exhibited Audible Nasal Emission and Nasal Turbulence 

Manner Audible nasal emission Nasal turbulence 

stop n = 14 n = 6 

fricative n = 18 n = 12 

affricate n = 13 n = 10 
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Table 4.26 

Ratings on Tone by Age  

Ratings Description 
5 years 

(n=10) 

6 years 

(n=18) 

7 years 

(n=13) 

8 years 

(n=5) 

Total 

(n=46) 

0 absent 9 (90%) 17 (94,4%) 13 (100%) 5 (100%) 44 (95.7%) 

1 occasionally 0 0 0 0 0 

2 frequently 1 (10%) 1 (5.6%) 0 0 2 (4.3%) 
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Table 4.27  

Ratings on Oral Cleft Type (CTCs) by Age 

 

 Rating 
5 years 

(n = 10) 

6 years 

(n = 18) 

7 years 

(n =13) 

8 years 

(n =5) 

Total 

(n = 46) 

A
n
te

ri
o
r 

C
T

C
s 

De-

retroflexization 

2 3 (30%) 8 (44.4%) 5 (38.5%) 1 (20%) 17 (37%) 

1 1 (10%) 1 (5.6%) 2 (15.4%) 2 (40%) 6 (13%) 

0 6 (60%) 9 (50%) 6 (46.2%) 2 (40%) 23 (50%) 

De-affrication 

2 6 (60%) 13 (72.2%) 6 (46.2%) 2 (40%) 27 (58.7%) 

1 0 1 (5.6%) 2 (15.4%) 1 (20%) 4 (8.7%) 

0 4 (40%) 4 (22.2%) 5 (38.5%) 2 (40%) 15 (32.6%) 

Palatalization 

2 1 (10%) 5 (27.8%) 3 (23.1%) 0 9 (19.6%) 

1 3 (30%) 1 (5.6%) 1 (7.7%) 0 5 (10.9%) 

0 6 (60%) 12 (66.7%) 9 (69.2%) 
5 

(100%) 
32 (69.6%) 

P
o
st

er
io

r 
C

T
C

s 

Double 

articulation 

without glottal 

stops 

2 1 (10%) 1 (5.6%) 0 0 2 (4.3%) 

1 0 2 (11.1%) 0 0 2 (4.3%) 

0 9 (90%) 15 (83.3%) 13 (100%) 
5 

(100%) 
42 (91.3%) 

Backing to velar 

2 1 (10%) 10 (55.6%) 2 (15.4%) 2 (40%) 15 (32.6%) 

1 5 (50%) 3 (16.7%) 3 (23.1%) 1 (20%) 12 (26.1%) 

0 4 (40%) 5 (27.8%) 8 (61.5%) 2 (40%) 19 (41.3%) 
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Table 4.28 

Ratings on Non-Oral and Passive CTCs by Age 

 

 Rating 
5 years 

(n = 10) 

6 years 

(n = 18) 

7 years 

(n =13) 

8 years 

(n =5) 

Total 

(n = 46) 

N
o
n

-O
ra

l 
C

T
C

s 

Pharyngeal 

articulation 

2 3 (30%) 2 (11.1%) 2 (15.4%) 1 (20%) 8 (17.4%) 

1 2 (20%) 0 0 0 2 (4.3%) 

0 5 (50%) 16 (88.9%) 11 (84.6%) 4 (80%) 36 (78.3%) 

Glottal 

articulation 

2 5 (50%) 11 (61.1%) 8 (61.5%) 4 (80%) 28 (60.9%) 

1 1 (10%) 2 (11.1%) 0 0 3 (6.5%) 

0 4 (40%) 5 (27.8%) 5 (38.5%) 1 (20%) 15 (32.6%) 

Active nasal 

fricative 

2 4 (40%) 6 (33.3%) 1 (7.7%) 2 (40%) 13 (28.3%) 

1 1 (10%) 0 1 (7.7%) 0 2 (4.3%) 

0 5 (50%) 12 (66.7%) 11 (84.6%) 3 (60%) 31 (67.4%) 

Double 

articulation 

w/glottal 

stops 

2 0 1 (5.6%) 0 1 (20%) 2 (4.3%) 

1 1 (10%) 2 (11.1%) 0 0 3 (6.5%) 

0 9 (90%) 15 (83.3%) 13 (100%) 4 (80%) 41 (89.1%) 

P
as

si
v
e 

C
T

C
s 

Weak 

consonants 

2 6 (60%) 15 (83.3%) 9 (69.2%) 4 (80%) 34 (73.9%) 

1 2 (20%) 0 0 0 2 (4.3%) 

0 2 (20%) 3 (16.7%) 4 (30.8%) 1 (20%) 10 (21.7%) 

Passive nasal 

fricative 

2 3 (30%) 8 (44.4%) 9 (69.2%) 4 (80%) 24 (52.2%) 

1 0 1 (5.6%) 0 0 1 (2.2%) 

0 7 (70%) 9 (50.0%) 4 (30.8%) 1 (20%) 21 (45.7%) 

Gliding 

fricative/ 

affricates 

2 0 2 (11.8%) 1 (8.3%) 0 3 (6.8%) 

1 0 2 (11.8%) 1 (8.3%) 0 3 (6.8%) 

0 10 (100%) 13 (76.5%) 10 (83.3%) 5 (100%) 38 (86.4%) 

Note: CTCs: cleft type characteristics 
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Table 4.29 

Ratings on Speech Intelligibility by Surgical Timing 

Rating 
Description of speech 

intelligibility 

Before1 year  

(n = 9) 

Between 

1-3 years 

(n=18) 

After 3 years 

(n=19) 

0 normal 1 (11.1%) 5 (27.8%) 1 (5.3%) 

1 
about 10% of speech 

unintelligible 
2 (22.2%) 1 (5.6%) 6 (31.6%) 

2 
about 30% of speech 

unintelligible 
5 (55.6%) 5 (27.8%) 3 (15.8%) 

3 
about 50% of speech 

unintelligible 
0 5 (27.8%) 5 (26.3%) 

4 
more than 80% of speech 

unintelligible 
1 (11.1%) 2 (11.1%) 4 (21.1%) 
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Table 4.30 

Ratings on Hypernasality by Surgical Timing  

Ratings Hypernasality 
Before 1 

year (n = 9) 

Between 1-3 

years (n=18) 

After 3 years 

(n=19) 

0 normal 2 (22.2%) 9 (50%) 3 (15.8%) 

1 minimal 4 (44.4%) 3 (16.7%) 4 (21.1%) 

2 mild 0 2 (11.1%) 1 (5.3%) 

3 moderate 2 (22.2%) 3 (16.7%) 6 (31.6%) 

4 severe 1 (11.1%) 1 (5.6%) 5 (26.3%) 
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Table 4.31 

Ratings on Nasal Airflow by Surgical Timing 

 Ratings Description 
Before 1 

year (n = 9) 

Between 

1-3 years 

(n=18) 

After 3 

years 

(n=19) 

A
u
d
ib

le
 N

as
al

 E
m

is
si

o
n

 

0 absent 5 (55.6%) 14 (77.8%) 8 (42.1%) 

1 occasionally 0 1 (5.6%) 1 (5.3%) 

2 frequently 4 (44.4%) 3 (16.7%) 
10 

(52.6%) 

N
as

al
 T

u
rb

u
le

n
ce

 

0 absent 5 (55.6%) 10 (55.6%) 
16 

(84.2%) 

1 occasionally 3 (33.3%) 2 (11.1%) 0 

2 frequently 1 (11.1%) 6 (33.3%) 3 (15.8%) 
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Table 4.32  

Ratings on Oral CTCs by Surgical Timing 

  Rating 

Before 1 

year 

(n = 9) 

Between 

1-3 years 

(n=18) 

After 3 

years 

(n=19) 

A
n
te

ri
o
r 

C
T

C
s 

De-retroflexization 

2 4 (44.4%) 7 (38.9%) 6 (31.6%) 

1 2 (22.2%) 1 (5.6%) 3 (15.8%) 

0 3 (33.3%) 10 (55.6%) 10 (52.6%) 

De-affrication 

2 6 (66.7%) 11 (61.1%) 10 (52.6%) 

1 0 0 4 (21.1%) 

0 3 (33.3%) 7 (38.9%) 5 (26.3%) 

Palatalization 

2 1 (11.1%) 5 (27.8%) 4 (21.1%) 

1 2 (22.2%) 2 (11.1%) 0 

0 6 (66.7%) 11 (61.1%) 15 (78.9%) 

P
o
st

er
io

r 
C

T
C

s Double articulation 

without glottal stops 

2 0 1 (5.6%) 1 (5.3%) 

1 0 1 (5.6%) 1 (5.3%) 

0 9 (100%) 16 (88.9%) 17 (89.5%) 

Backing to velar 

2 3 (33.3%) 7 (38.9%) 5 (26.3%) 

1 4 (44.4%) 4 (22.2%) 4 (21.1%) 

0 2 (22.2%) 7 (38.9%) 10 (52.6%) 
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Table 4.33 

Ratings on Non-Oral and Passive CTCs by Surgical Timing 

  Rating 

Before  

1 year 

(n = 9) 

Between  

1-3 years 

(n=18) 

After  

3 years 

(n=19) 

N
o
n

-O
ra

l 
C

T
C

s 

Pharyngeal articulation 

2 0  4 (22.2%) 4 (21.1%) 

1 0  2 (11.1%) 0  

0 9 (100%) 12 (66.7%) 15 (78.9%) 

Glottal articulation 

2 5 (55.6%) 9 (50%) 14 (73.7%) 

1 0  2 (11.1%) 1 (5.3%) 

0 4 (44.4%) 7 (38.9%) 4 (21.1%) 

Active nasal fricative 

2 2 (22.2%) 6 (33.3%) 5 (26.3%) 

1 1 (11.1%) 0  1 (5.3%) 

0 6 (66.7%) 12 (66.7%) 13 (68.4%) 

Double articulation 

w/glottal stops 

2 1 (11.1%) 1 (5.6%) 0  

1 1 (11.1%) 0  2 (10.5%) 

0 7 (77.8%) 17 (94.4%) 17 (89.5%) 

P
as

si
v
e 

C
T

C
s 

Weak consonants 

2 5 (55.6%) 13 (72.2%) 16 (84.2%) 

1 0  2 (11.1%) 0  

0 4 (44.4%) 3 (16.7%) 3 (15.8%) 

Passive nasal fricative 

2 4 (44.4%) 9 (50%) 11 (57.9%) 

1 1 (11.1%) 0  0  

0 4 (44.4%) 9 (50%) 8 (42.1%) 

Gliding 

fricative/affricates 

2 0  2 (11.1%) 1 (5.6%) 

1 1 (11.1%) 2 (11.1%) 0  

0 8 (88.9%) 14 (77.8%) 17 (94.4%) 

Note: CTCs: cleft type characteristics 
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Figure 4.1 

Consonant Manners and Places of Missing Sounds by Number of Children 
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Figure 4.2 

Percent Correct for Each Consonant Manner by Age and Surgical Timing 
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Figure 4.3 

Medians of PCC, PCM, and PCP by Surgical Timing and Age 
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Figure 4.4 

Percent of Occurrences of Phonological Processes Between Children with CP±L 

and Typically-Developing Children  

 

Note: CP: Children with CP±L; TD: Typically-developing children 
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Figure 4.5 

Percent of Occurrences of Nasal Assimilation by Surgical Timing
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Figure 4.6 

Percent of Children Who Exhibited Cleft Type Characteristics 
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Figure 4.7 

Distribution of Ratings on Hypernasality by Surgical Timing 
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5. Discussion 

5.1 Consonant Inventory 

5.1.1 Consonant Inventory Size Between Cleft and Non-Cleft Groups 

Research question 1: What are the differences (if any) in the size of consonant 

inventory between children with CP±L and typically-developing children without 

clefts? The results showed that the size of consonant inventory was significantly 

higher in typically-developing children compared to children with CP±L. All 

typically-developing children had a full phonetic inventory with 22 Mandarin 

consonants, but children with CP±L had substantial variation, with a range of 

consonant inventory sizes from 5 to 22. Zhu and Dodd (2000) reported that 

approximately 90% of typically-developing children who speak Mandarin were able 

to speak all 22 consonants accurately by age 4 years and 6 months. In the current 

study, the size of the consonant inventory of typically-developing children was 

consistent with the findings from Zhu and Dodd (2000), but children with CP±L 

clearly showed delayed speech development. 

 It is difficult to compare the absolute size of consonant inventory between the 

current study and previous studies because previous studies investigated the size of 

consonant inventory for early age children rather than children ranging in age from 5 

to 8 years. However, similar to the current study, previous studies also compared the 

consonant inventory size between cleft groups and non-cleft groups of children. 

Chapman et al. (2003) reported smaller sizes of consonant inventories in children with 

CP±L compared to typically-developing children, but another two studies (i.e., 

Chapman & Hardin, 1992; Scherer et al., 2008) reported no significant difference in 

the sizes of consonant inventories between cleft and non-cleft groups. 
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The inconsistent pattern findings between the current study and the Scherer et 

al. (2008) and Chapman and Hardin (1992) studies may be attributed to the timing of 

palatal surgery. In the current study, the first palatal surgery for children with CP±L 

occurred after age 3 years for 19 out of the 46 children, which was much later than the 

surgery timing for the children in the studies of Scherer et al. (2008) (surgery time 

ranged from 10 to 13 months of age) and Chapman and Hardin (1992) (surgery time 

ranged from 13 to 20 months of age). The late timing of repair surgery may also lead 

to a smaller consonant inventory size.  

In the current study, there is no complete information regarding the speech 

therapy history for children with CP±L, but the researcher was informed by the 

hospital data provider that few of these children received speech therapy prior to the 

time of data collection. Based on findings from previous studies, speech therapy and 

language development may have effects on the size of children’s consonant inventory. 

Powers et al. (1990) reported a larger consonant inventory in 3-year-old children with 

CP±L who received speech therapy compared to those who did not receive speech 

therapy. Therefore, a lack of speech therapy for participants in the current study might 

be associated with the smaller consonant inventory size in children with CP±L 

compared to typically-developing children.  

Furthermore, in the current study, information about the language 

development for the children with CP±L was unknown, which might be associated 

with the size of consonant inventory. Morris and Ozanne (2003) found that children 

with CP±L who had delayed language development showed smaller consonant 

inventories than those who had typical language development. Thus, a language 

assessment should be conducted for participants in future studies.  
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5.1.2 Phonetic Features of Consonant Inventory  

Research question 2: What phonetic features of Mandarin consonants are used 

by children with CP±L? The results of research question 2 showed the presenting and 

missing sounds in terms of consonant phonetic features (i.e., manners, places, and 

aspiration). In terms of manners, the current study found that affricates were missing 

in most children with CP±L, followed by stops, fricatives, liquids, and nasals. This 

pattern was inconsistent compared to English-speaking children with CP±L reported 

by previous studies. Chapman and Hardin (1992) reported that for 2-year-old English-

speaking CP±L children, the manner of most missing sounds was fricative, followed 

by affricates and stops. Another study for English-speaking children conducted by 

Morries and Ozanne (2013) also reported that fricatives were the most missing sounds 

in children with CP±L who had delayed expressive language. 

The language-specific features in English and Mandarin might contribute to 

the discrepancies in patterns between the current study and previous studies. Firstly, 

Mandarin has more affricates and fewer fricatives (6 affricates, 5 fricatives) than 

English (2 affricates, 9 fricatives). Secondly, the acquisition orders in the two 

languages are different. Li and To (2017) reported that typically-developing 

Mandarin-speaking children acquired affricates between the ages of 5 and 6 years, 

whereas McLeod and Crowe (2018) reported that English-speaking children acquired 

affricates between the ages of 4 and 5 years. The different acquisition patterns may 

also contribute to the discrepancy in the missing sounds between this study and 

studies for English-speaking children. That is, Mandarin speakers appear to acquire 

affricates later than English speakers, perhaps because of the greater variety of 

possible affricates in Mandarin.  
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The language-universal pattern was that obstruent consonants (i.e., stops, 

fricatives, and affricates) were the most affected sounds in both Mandarin- and 

English-speaking children with cleft palate, which might be because these sounds are 

formed by obstruction in the oral cavity (Ashby & Maidment, 2005) and require high 

intra-oral air pressure inside the oral cavity (Philips & Kent, 1984). Even after 

completed palate surgery, children with velopharyngeal dysfunction may not impound 

enough air pressure to produce the obstruent consonants (Peterson-Falzone et al., 

2010).  

For consonant places, the current study found that retroflex consonants were 

missing in most children (n = 10), followed by alveopalatal, alveolar, velar, and 

bilabial consonants. This pattern was different in the studies for English- speaking 

children with CP±L, for whom the consonants in the palatal place, followed by the 

alveolar place, were more affected than consonants in other articulatory places 

(Chapman & Hardin, 1992; Morris & Ozzane, 2003; Powers et al., 1990). This pattern 

difference between Mandarin- and English-speaking children can also be attributed to 

the language-specific features: Mandarin has four retroflex consonants (i.e., ʂ, tʂ, tʂʰ, 

ʐ) and three alveopalatal consonants (i.e., ɕ tɕ, tɕʰ), which do not exist in the English 

consonant inventory. However, both Mandarin- and English-speaking children 

showed the same pattern for alveolars, velars, and labials. Labials are the most 

commonly produced sounds, followed by velars and alveolars, indicating that labials 

are the easiest consonants for children with CP±L to produce, regardless of linguistic 

background.  
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5.1.3 Consonant Inventory Size by Age  

Research question 3: What are the differences (if any) in the size of consonant 

inventory among different age groups of children with CP±L? The results showed no 

significant difference in the consonant inventory size across four age groups (i.e., 5, 6, 

7, and 8 years) of children with CP±L. This finding indicates that the size of 

consonant inventory may not increase after age of 5 years for children with CP±L. 

Scherer et al. (2008) found that the consonant inventory size significantly increased in 

children with CP±L from age 12 months to age 30 months. Also, the current study 

found that all 5- to 8-year-old typically-developing children have the full Mandarin 

consonant inventory, suggesting that the phonetic inventory has been well-established 

by 5 years of age for typically-developing children.  

Because of limitations in the current study, it is difficult to draw the 

conclusion that age 5 years is a cut-off time for increasing the consonant inventory for 

children with CP±L. First, the current study is not a longitudinal study, and the 

number of children in each age group sample was not evenly distributed. Eighteen 

children were in the 6-year-old group, but only five children were in the 8-year-old 

group. The small sample size in the 8-year-old group yielded limited data. 

Furthermore, variations of surgery timing for children with CP±L within each age 

group may also be a reason why no significant age difference was found related to the 

size of consonant inventory. Because no previous studies have investigated the 

consonant inventory size for pre-school age or school-age children, future studies with 

a larger sample size and greater age range of participants should be conducted to 

verify the window of development for consonant inventory size. 
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5.1.4 Consonant Inventory Size by Surgical Timing  

Research question 4: What are the differences in the size of consonant 

inventory among children with CP±L who had different timing of primary surgery? 

The results showed no statistically significant difference in the size of consonant 

inventory among children with CP±L who had primary palatal surgery at different 

times (i.e., before 1 year of age, between 1 and 3 years of age, and after 3 years of 

age). This finding expands the existing literature because no study has investigated 

the early and late surgery timing differences in the consonant inventory size for 

children with CP±L who are between ages 5 and 8 years.  

A longitudinal study conducted by Chapman et al. (2008) reported that 3-year-

old children who received early palatal repair (M = 11 months) had a larger consonant 

inventory than those children who received late palatal repair (M = 15 months). 

However, children in the study were only 3-year-old, which is younger than the 

children in the current study. For 5-year-old children, the window of development for 

consonant inventory may have already closed, because the window of emerging and 

stabilizing consonant inventory for typically-developing children who speak 

Mandarin was reported to be between 2 and 3 years of age (Zhu & Dodd, 2000). The 

size of consonant inventory by age was addressed in research question 3. Therefore, 

the later children receive palatal repair surgery, the smaller the surgical effects may 

become. This inference should be further investigated in future studies. 

5.2 Speech Accuracy 

5.2.1 Overall Speech Accuracy Between Cleft and Non-Cleft Groups 

Research question 5: How does the overall speech accuracy (i.e., percentage of 

correct consonants [PCC], percentage of correct places [PCP], percentage of correct 

manners [PCM] of children with CP±L differ from typically-developing children 
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without clefts? The results showed that the overall speech accuracy (i.e., PCC, PCP, 

and PCM) was significantly lower in children with CP±L than in typically-developing 

children. This finding is consistent with the result reported in a longitudinal study 

conducted by Lohmandar and Persson (2008). They found that children with 

unilateral cleft lip and cleft palate (UCLP) produced significantly lower values of 

PCC, PCP, and PCM than typically-developing children at 3 and 5 years of age. 

When these children with UCLP reached age 7 years, the values of PCC and PCP 

were still significantly lower than those values of typically-developing children, 

although PCM was similar to that of typically-developing children.  

The specific value of PCC for children with CP±L reported in the current 

study (mean PCC: 62.08%, ranging from 20.79% to 98.87%) was consistent with 

English-speaking children with CP±L from age 4-7 years (mean PCC: 69.25%, 

ranging from 27.59% to 100%) reported by Lien (2020). Lien (2020) also reported 

that 12.5% of 56 children with CP±L from ages 4 to 7 years had PCC values of 90% 

or higher, and 69.6% of the sample had 79% or lower PCC values. These percentages 

were also similar to the current study: 10.86% of children with CP±L between ages 5 

and 8 years had PCC values greater than 90%, and 73.91% of the sample had PCC 

values lower than 79%.  

5.2.2 Specific Percent Correct for Place and Manner Features 

Research question 6: Specifically, what are the differences in the speech 

accuracy of each distinct consonant place and manner between children with CP±L 

and typically-developing children? The results of this study showed that the children 

with CP±L had lower percentages of accuracy in all places of articulations compared 

to typically-developing children. The retroflex consonants (/ʂ, ts, tʂʰ/) were produced 

with the lowest accuracy, followed by alveolar consonants. Retroflex is the late 
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acquired consonant place for typically-developing Mandarin-speaking children (Zhu 

& Dodd, 2000; Li & To, 2017).  

In the current study, the low percentage of correctness in the alveolar 

consonants for children with CP±L could be attributed to the use of compensatory 

articulatory gestures in the posterior oral places prior to palatal surgery, resulting in 

backing processes in their phonological system even following the palatal repair 

(Chapman & Hardin, 1992). The lower accuracy of alveolars can also be attributed to 

the manner features of Mandarin alveolar consonants. The six alveolar consonants are 

mostly obstruent consonants, including two stops, two affricates, one fricative, and 

one nasal (Zhu & Dodd, 2000). The obstruents (i.e., stop, fricative, and affricate) are 

the most difficult consonants for children with CP±L because they require solid or 

persistent oral air energy to produce (Harding & Grunwell, 1996).  

The percentage of accuracy of the alveopalatal consonants (i.e., tɕ, tɕʰ, ɕ) was 

similar to the accuracy values of alveolar consonants for the same reasons. The 

alveopalatal area is posterior and close to the alveolar ridge, which may be unfused in 

some children with CP±L and can cause compensatory articulation errors in speech, 

further resulting in distortions even after the palate was repaired (Hardin-Jones & 

Chapman, 2022). Additionally, three alveopalatal consonants are all obstruents, which 

are difficult for children with CP±L to produce (Harding & Grunwell, 1996).  

Velar consonants were less affected compared to coronal consonants except 

for labials, which can be explained by the preference for posterior placement in 

children with CP±L. Although three out of four Mandarin velar consonants are 

obstruents, the percentage of accuracy in velar consonants was still higher than 

alveolar or alveopalatal consonants. Labial consonants were the least affected sounds 

with the highest percentage of accuracy. Labials are early-developing sounds that are 
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acquired by the age 2-3 years (Zhu & Dodd, 2000). Movements of the lips are 

visually accessible and may therefore be easier to acquire than other less-visible 

articulatory gestures (e.g., retracting the tongue or elevating the soft palate). Also, 

labial closure is less likely to be affected by palatal anomalies, at least in those 

children who do not also have cleft lip. Even for children who have both cleft palate 

and cleft lip, the surgery for cleft lip is often conducted soon after the birth (i.e., 3 to 6 

months of age) (Salyer et al., 2005; Semb et al., 2017), so the production of labials is 

typically less difficult. 

Previous studies reported the same pattern of speech accuracy for consonant 

places. For both Danish- and English-speaking children with CP±L, bilabial and velar 

consonants were produced with higher accuracy than consonants in other places 

(Lien, 2020; Jørgensen & Willadsen, 2020). Furthermore, similar to the Mandarin-

speakers in the current study, Lien (2020) reported that palatal consonants were 

produced with the lowest accuracy, followed by alveolars, velars, and bilabials for 

English-speaking children with CP±L.  

In the current study, for all categories of consonant manners, the percentage of 

correctness was significantly higher in typically-developing children than in children 

with CP±L. The manner with the highest percentage of correctness for children with 

CP±L was nasal, followed by fricative, stop, liquid, and affricate. Regarding the order 

of acquisition reported in Zhu and Dodd (2000) for typically-developing Mandarin-

speaking children, nasal consonants are the earliest acquired sounds (i.e., typically 

acquired by age 2 years), and the affricates are the latest acquired sounds.  

Compared to previous studies of English-speaking children with CP±L, a 

similar order of accuracy in terms of manner of production was reported by Lien 

(2020). Speech accuracy was highest for nasal consonants and lowest for liquid and 
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affricate consonants. In contrast to the current study, fricatives were produced with 

higher accuracy than stop consonants for English-speaking children with CP±L 

between the ages of 4 and 7 years. The language-specific order of consonant 

acquisition may contribute to this discrepancy. There are four out of nine fricatives in 

English known as late acquired consonants (/s/, /ð/, /θ/, /z/) (Bleile, 2017), but only 

two out of five Mandarin fricatives are acquired after 4 years of age (Zhu & Dodd, 

2000). The earlier acquired consonants are associated with the higher accuracy. 

5.2.3 Speech Accuracy by Age 

Research question 7: How does the overall speech accuracy, and then 

specifically the accuracy of each consonant place and manner, differ among age 

groups of children with CP±L? Among three age groups of children with CP±L, 

results showed no statistically significant difference in overall speech accuracy (i.e., 

PCC, PCP, and PCM), nor a difference in the percent correct for each distinctive 

place or manner. However, significant differences in PCC and PCP were found for 

typically-developing children. Specifically, the typically-developing children at age 5 

years had significantly lower percentage of correctness than the children at ages 6, 7, 

and 8 years in the following consonant places and manners, respectively: labials, 

alveolars, and alveopalatals; stops, fricatives, and affricates.  

The different results for children with CP±L and typically-developing children 

may be related to the window of speech development for children with CP±L. For all 

5-year-old typically-developing children, the speech accuracy was greater than 85%, 

and it was significantly lower than children at the ages of 6, 7, and 8 years, whose 

speech accuracy ranged from 92-100% accuracy. This significant difference suggests 

continued development/increase in speech accuracy after age 5 years for typically-

developing children. 
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The non-significance in speech accuracy among age groups for children with 

CP±L might be due to the late surgical timing. In a longitudinal study, Lohmander 

and Persson (2008) found significant increases in speech accuracy from age 3 to 5 

years, but not from age 5 to 7 years in the values of PCC, PCP, and PCM for 

Swedish-speaking children with CP±L who had late palatal repair at age 3 to 4 years, 

and the PCC, PCP, and PCM values were still lower in children with CP±L compared 

to typically-developing children when they reached age 7 years.  

In the current study, only two children with CP±L at age 5 years (20%) had 

PCC values greater than 90%, and seven of the children (70%) had PCC values less 

than 79%. Similar to the current study, for children with CP±L at age 5 years, Lien 

(2020) reported only 2 children (12.5% of the sample) had PCC values greater than 

90%, and 13 children (81.3% of the sample) had PCC values lower than 79%.  

For children with CP±L at age 5 years, the current study reported that the 

median PCC was 52.1%, with a rage from 26.3% to 98.9%. However, in two studies 

for Swedish-speaking children with CP±L (Klintö et al., 2011; Lohmander & Persson, 

2008), the PCC values for 5-year-old children were higher than the PCC reported in 

the current study. The median of PCC in the study of Lohmander and Persson (2008) 

was 82.8%, ranging from 43.3% to 100%, and the median of PCC in the study of 

Klintö et al. (2011) was 86.4%, ranging from 38.5% to 100%. It is hard to compare 

the speech accuracy in the current study with previous studies without information 

about what specific type of surgery procedures children had undergone, or 

information of possible secondary surgery. These surgery specifics were not available 

in the database used for this study. Furthermore, the measurements of PCC values 

reported in three previous studies were different, which made it difficult to compare 

the PCC values of 5-year-old children across the studies. 
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5.2.4 Speech Accuracy by Surgical Timing  

Research question 8: How does the overall speech accuracy, and then 

specifically the accuracy of each consonant place and manner, differ among children 

with CP±L who had different timing of primary surgery? Results showed no 

significant difference among subgroups of surgical timing in any measurement (i.e., 

PCC, PCM, PCP, and percent correct for each category of places and manners) for 

speech accuracy. These findings were inconsistent with Chapman et al. (2008) in that 

at age 3 years, children with CP±L who had early palatal surgery had higher percent 

correct for nasals and liquids than those who had late surgery. The current study did 

not show this difference. However, similar to the current study, Chapman et al. (2008) 

found no significant difference in the percentage of correctness in other English 

consonant manners (i.e., stops, fricatives, affricates, and glides) between the early 

surgery group and late surgery group.  

Inconsistent with current findings, Jørgensen and Willadsen (2020) found 

higher speech accuracy in the early surgery group than the late surgery group for 5-

year-old Danish-speaking children with CP±L. They found that at age 5 years, the 

mean PCC on obstruent consonants was higher in children who received early surgery 

of hard palatal closure at age 12 months compared to those who received late surgery 

on hard palatal closure at age 36 months.  

5.3 Phonological Processes 

5.3.1 Phonological Processes Between Cleft and Non-Cleft Groups 

Research question 9: How do phonological processes in Mandarin-speaking 

children with CP±L differ from typically-developing children without clefts? The 

results showed significantly higher occurrences of eight confirmed phonological 

processes in children with CP±L than in typically-developing children. The following 
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eight phonological processes were confirmed in this study when they occurred on 

20% or more of opportunities: syllable-initial consonant deletion (SICD), velar 

fronting, stopping, de-affrication, glottalization, nasal assimilation, de-

retroflexization, and de-aspiration. According to Liu and Chien (2020), stopping, de-

retroflexization, and de-aspiration are typical phonological processes, while SICD, 

velar fronting, and nasal assimilation are atypical phonological processes for 

Mandarin-speaking children with speech sound disorders. The remaining two 

phonological processes, de-affrication and glottalization, have been reported for 

English-speaking children with CP±L but have not been included in Mandarin studies 

(Chapman, 1993; Al-Tamimi et al., 2011).  

Some of these findings were consistent with a previous phonological 

competency study for Mandarin-speaking children with CP±L (Lee et al., 2009). The 

phonological processes of SICD and nasal assimilation occurred more frequently in 

children with CP±L than in typically-developing children between the ages of 3 and 5 

years. However, inconsistent with Lee et al. (2009), the current study revealed that 

stopping and de-aspiration occurred significantly more often in children with CP±L 

than in typically-developing children.  

Some confirmed phonological processes (i.e., velar fronting, de-affrication, 

glottalization, and de-retroflexization) identified in the current study were not 

included in the study of Lee et al. (2009). Although velar fronting, as a general 

phonological process was not included, Lee et al. (2009) reported that replacing /ŋ/ 

with /n/, a specific error of velar fronting, was employed more frequently by children 

with CP±L than typically-developing children. The discrepancy between the current 

study and Lee et al. (2009) could be due to the different age ranges of participants. 

Because more consonants were acquired before the age of 5 years rather than after 
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(Zhu & Dood, 2009), developmental phonological processes occur more frequently in 

typically-developing children when they are younger but not when they are older. 

In the current study, glottalization, stopping, and nasal assimilation were 

found to occur more often in children with CP±L than in typically-developing 

children. These findings were consistent with previous studies for English-speaking 

children with CP±L (Chapman, 1993; Chapman & Hardin, 1992; Morris & Ozanne, 

2003). Furthermore, the current study found SICD, velar fronting, de-retroflexization, 

and de-aspiration as language-specific patterns in the Mandarin phonological 

processes, which were different from previous studies for English-speaking children. 

For English-speaking children, syllable-final consonant deletion (SFCD) was 

considered a typical phonological process, whereas SICD was an atypical 

phonological process. However, for Mandarin-speaking children, SICD occurred 

more frequently than SFCD. This difference can be due to the fact that more syllable-

initial consonants than syllable-final consonants are permissible in Mandarin. As 

opposed to the English consonants, only two nasal consonants are allowed in the 

syllable-final position in Mandarin (Zhu and Dodd, 2000), so that SICD occurred 

more frequently than SFCD. The retroflex obstruents and aspiration features in 

Mandarin do not exist in the English phonological system. Thus, de-retroflexization 

was not confirmed as a phonological process in the above-mentioned English studies.  

In the current study, backing was not confirmed as a phonological process 

because the mean percent of occurrence was below 20%. This finding was consistent 

with the previous studies for English-speaking children with CP±L between the ages 

of 2 and 5 years (Chapman & Hardin, 1992; Chapman, 1993). Although backing 

occurred significantly more frequently in children with CP±L compared to typically-

developing children without clefts at the early ages, it reached the same degree as 
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typically-developing children at age 4 years (Chapman and Hardin, 1992; Chapman, 

1993).  

5.3.2 Phonological Processes by Age 

Research question 10: How do phonological processes differ among age 

groups of children with CP±L? Across four age groups, the results did not show 

statistically significant difference in the percent of occurrence of any phonological 

process employed by children with CP±L. This finding expands the existing literature 

regarding phonological processes employed by children with CP±L between the ages 

of 5 and 8 years who speak Mandarin. Although Lee et al. (2009) included Mandarin-

speaking children between the ages of 3 and 5 years, they did not compare the 

difference in the use of phonological processes among age groups. Another study that 

examined differences in the use of phonological processes among age groups did not 

compare children between the ages of 5 and 8 years either. Min (2019) reported that 

school-age children with CP±L (i.e., between the ages of 7 and 12 years) used more 

substitutions compared to a youth group (i.e., between the ages of 13 and 17 years), 

whereas the youth group used more omission than the school-age group. An adult 

group (i.e., age 18+ years) used more backing compared to the school-age and youth 

groups. No similar studies for English-speaking children with CP±L between the ages 

of 5 and 8 years have been conducted either. Chapman (1993) compared the use of 

phonological processes between children with CP±L and typically-developing 

children at the ages of 3, 4, and 5 years, but did not directly compare the usage among 

the three age groups.  

Inconsistent with the findings of Nachmani et al. (2021), the current study did 

not find a statistically significant difference in the use of phonological processes 

between children ages 5 to 8 years. Nachmani et al. (2021) reported a significant 
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difference in the use of phonological processes between three age groups (i.e., 3-4, 4-

6, and 6-9 years), but not between 6-9 and 9-29 years. Between the ages of 6 and 29 

years, Nachmani et al. (2001) did not find significant differences, although their study 

was for Hebrew-speaking children, and they compared the number of children who 

presented the phonological processes rather the percent of occurrences because they 

had a large sample size (n = 808). Both the current study and Nachmani et al.’s study 

showed that sometime after age 5 or 6 years, phonological processes may not change. 

One reason for non-significant differences among age groups in the use of 

phonological processes may be the closed window of phonological development. For 

typically-developing children, most phonological processes are suppressed by age 5 

years; only the following phonological processes may remain beyond age 6 years: 

stopping, affrication, de-retroflexization, and de-aspiration. Except for affrication, the 

remaining three phonological processes were confirmed in the current study for 

children with CP±L. Therefore, if the window of phonological development was 

closed for these children with CP±L, the percent occurrence may not decrease over 

time. In summary, phonological development appears to stabilize at about age 6 years. 

However, the small sample size and skewed data distribution may limit the external 

validity of these findings. Future studies with larger sample sizes or more 

homogeneous participants are warranted.  

5.3.3 Phonological Processes by Surgical Timing 

Research question 11: How do phonological processes differ among children 

with CP±L who had different timing of primary surgery? The results showed one 

statistically significant difference in the percent of occurrence of nasal assimilation. 

Specifically, children who had primary surgery after age 3 years used more nasal 

assimilation than those who had primary surgery before age 1 year. There was no 
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significant difference in the remaining seven phonological processes based on surgical 

timing. 

Klintö and Lohmander (2017) reported surgical effects on phonological 

processes, but they did not compare specific percent of occurrences for each 

phonological process. They found that significantly more confirmed phonological 

processes (i.e., above 20% of possible occurrences) were used by 3-year-old children 

who had one-stage surgery (M = 2.5) compared to those who had two-stage surgery 

(M = 2). Unfortunately, counting the total number of confirmed phonological 

processes does not provide sufficient information to determine which phonological 

processes are associated with surgical timing.  

In the current study, the increased percent of occurrence in nasal assimilation 

for children who had late surgery compared to those who had early surgery suggests 

the importance of receiving early palatal surgery by age 12 months. No significant 

difference was found in other confirmed phonological processes among the three 

surgical groups, suggesting that more variables should be considered for the use of 

phonological processes, such as whether or not the child received speech therapy and 

information regarding the child’s language development. For example, Morris and 

Ozanne (2003) reported that 3-year-old children with CP±L who had delayed 

language development employed more nasal assimilation, cluster reduction, and final 

consonant deletion than those who had typical language development.  

5.4 CAPS-A  

5.4.1 CAPS-A Ratings by Age 

Research question 12: How do perceptual ratings on the CAPS-A differ among 

age groups of children with CP±L? The results showed no differences in perceptual 

ratings on any CAPS-A parameters among the different age groups of children with 
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CP±L. The overall CAPS-A results suggested variable levels of speech intelligibility, 

hypernasality, and nasal airflow, with primarily normal tone production for children 

with CP±L. These non-significant differences among age groups suggested that 

natural speech development along with age might not increase speech intelligibility, 

nor decrease abnormal hypernasality and abnormal nasal airflow in cleft palate speech 

without other intervention (i.e., secondary surgery and/or speech therapy). The near- 

normal tone production suggests that the history of cleft palate may not affect tone 

development, so the children with CP±L may acquire normal tone just as their non-

cleft peers do by age 2 years. Also, tone production is generated through laryngeal 

function (Kent & Vorperian, 1995), which is not affected by palatal abnormalities. 

Wong and Strange (2017) found that the articulatory complexity of phonetic contexts 

affected children’s tone accuracy. Therefore, future studies using connected speech 

with various phonetic contexts should be conducted for additional tone evaluation. 

Perceptual ratings for the occurrences of a specific cleft type characteristic 

(CTC) were reported, with higher ratings indicating more occurrences of a particular 

CTC. Descriptive measures examined the total number of children in each age group 

who were rated the same (0, 1, or 2), for each parameter on the CAPS-A. Overall, 

anterior CTCs exceeded posterior CTCs. The highest occurrences of CTCs were de-

retroflexization (e.g., /tʂ/ → /ts/) and de-affrication (e.g., /tʂ/→ /t/ or /ʂ/). Glottal 

articulation occurred most frequently among non-oral CTCs, while weak consonants 

and passive nasal fricatives occurred most frequently in the category of passive CTCs.  

Although prior research on Mandarin-speaking children with CP±L did not 

specifically report the CTCs, Lee et al. (2009) investigated compensatory articulation 

errors and distortions in children with CP±L from age 3 to 5 years. They found that 

only 10% of the children (2 out of 20) used glottal stops, which is much lower than 
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the current study's findings (60.9 %; 28 out of 46 children produced glottal stops more 

than 3 times). Additionally, in the Lee et al. (2009) study, only 25% of the children (5 

out of 20) produced weak pressure consonants, whereas in the current study, 73.9 % 

of children with CP±L (34 out of 45) produced weak consonants more than three 

times.  

The reason that the current study revealed more passive and non-oral CTCs 

compared to those in the Lee et al. (2009) study could be related to the late surgery 

timing and inadequate velopharyngeal (VP) function of the participants in this study. 

In the Lee et al. (2009) study, 15% of the participants had inadequate VP function, 

30% had marginal VP function, and the remaining 55% had appropriate VP function 

based on the clinician's judgment. However, in the current study, information 

regarding VP function was not provided by the hospital. Therefore, the surgery timing 

information might have more effects on the rating of the CAPS-A than the age effects. 

Lien (2020) examined English-specific anterior oral CTCs (i.e., palatalization, 

inter/dentalization, and lateralization), whereas the current study examined Mandarin-

specific anterior oral CTCs (palatalization, de-retroflexization, and de-affrication). 

Lien (2020) reported a higher occurrence for anterior CTCs (Mean = 3.98) than 

posterior CTCs (Mean = 0.48). Similarly, in the current study, anterior CTCs occurred 

more often than posterior CTCs. Although the current study excluded nonapplicable 

English CTCs, such as dentalization and interdentalization, and included Mandarin-

specific CTCs (i.e., de-retroflexization and de-affrication), Mandarin-speaking 

children with CP±L still showed more anterior CTCs than posterior CTCs, similar to 

the English-speaking children with CP±L in the study by Lien (2020). 

Compared to children with CP±L in the UK cleft care project (Sell et al., 

2005), the ratings of speech intelligibility, hypernasality, and abnormal nasal airflow, 
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as well as the presence of CTCs were much higher in the current study. The UK cleft 

care project examined improvement in the quality of service for children with CP±L 

in the UK over a 10-year period. The much more severe speech outcomes in children 

with CP±L in this database from China suggests an urgent need for professional 

development in terms of speech therapy services.  

In terms of active compensatory misarticulations, glottal stop, anterior nasal 

fricative, pharyngeal fricative (i.e., posterior nasal fricative), glottal fricative, and 

voiced fricative were all identified in the current study. These include more cleft 

speech characteristics than those reported by Lee et al. (2009), who only found two 

types of compensatory misarticulation (i.e., glottal stops and weak oral pressure) in 5 

of 20 children with CP±L. The glottal fricative /h/ and voiced fricative /z/ have not 

been reported as compensatory misarticulations in other studies for Mandarin- 

speaking children with CP±L. Furthermore, /h/ and /z/ do not exist in the Mandarin 

consonant inventory. 

In the current study, the glottal fricative /h/ was produced as a substitution for 

the fricatives /s/, /ʂ/, and /x/. Some children with CP±L used the glottal fricative /h/ to 

produce the Mandarin velar fricative /x/ with reduced oral pressure, which was 

possibly due to a weak or inadequate velopharyngeal mechanism. The voiced fricative 

/z/ was used to substitute for the unaspirated affricates /ts/ and /tʂ/. Although Jiang et 

al. (2016) reported that stops in the unaspirated affricates were likely to be deleted by 

Mandarin-speaking children with CP±L, they did not report /z/ as a compensatory 

misarticulation for the unaspirated affricates. These findings imply the importance of 

developing a Mandarin version of the CAPS-A with language-specific CTCs (e.g., /h/ 

preferences, /z/ preferences) to meet the needs of serving Mandarin speakers with 

cleft palate. 
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5.4.2 CAPS-A Ratings by Surgical Timing 

Research question 13: How do perceptual ratings on the CAPS-A differ among 

children with CP±L who had different timing of primary surgery? The results showed 

that children who had surgery between 1 and 3 years of age had lower ratings for 

hypernasality than those who had surgery after 3 years of age, but children who had 

surgery before 1 year of age did not differ from children who had surgery after 3 years 

of age. Although a significant difference was found between two of the surgical 

groups, the result did not show a clear pattern that a higher degree of hypernasality 

was associated with later surgical timing.  

The finding of hypernasality was consistent with previous studies (Khosla et 

al., 2008; Lohmander et al. 2017), who found that the degree of hypernasality was not 

different among children who had various surgical timing (i.e., before age 12 months 

and between age 12-18 months, respectively) and variable surgical procedures (four 

different surgical protocols in Lohmander et al., 2017). Results in the current study 

failed to show a consistent trend related to hypernasality and surgical timing. We 

might expect children with earlier surgery to develop speech with less hypernasality 

than those with later surgery, but this study’s results did not reflect this finding, nor 

did the Khosla et al. (2009) and Lohmander et al. (2017) studies. This inconsistent 

pattern between surgical timing and the degree of hypernasality indicated that 

variables besides surgical timing might be associated with the degree of hypernasality 

in children with CP±L.  

In terms of nasal air flow, no significant difference was detected among 

children who had surgery at different times. However, the list of specific sounds 

presenting audible nasal emission and nasal turbulence adds new information to the 

existing literature. For example, both audible nasal emission and nasal turbulence 
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were noticed on obstruents (i.e., stops, fricatives, and affricates). However, nasal 

turbulence occurred more on the fricatives and affricates, while audible nasal 

emission occurred mostly on stop consonants. Furthermore, both audible nasal 

emission and nasal turbulence can be present in the same child’s speech sample. As 

Zajac (2019) suggested, nasal turbulence can be a result of faulty phonological 

learning rather than palatal abnormalities. The children who exhibited nasal 

turbulence or audible nasal emission on all obstruents possibly had velopharyngeal 

inadequacy and were in need of a secondary surgery. However, the children who only 

exhibited nasal turbulence or audible nasal emission on a certain phoneme possibly 

had faulty phonological learning and were in need of skilled speech therapy. 

For anterior and posterior CTCs, the current study did not find any significant 

difference in ratings among surgical timing groups. In a previous study for Danish 

speaking children with UCLP, Jørgensen and Willadsen (2020) reported fewer 

occurrences of active CTCs for children who had early surgery at age 12 months 

compared to those who had late surgery at age 36 months. However, different from 

the current study, they only included parameters of active CTCs related to obstruents 

and did not apply the CAPS-A.  

For non-oral and passive CTCs, the current study found no significant 

difference among surgical timing groups. These results are consistent with findings in 

the Scandcleft project for Swedish speaking children between the ages of 5 and 8 

years. Willadsen et al. (2017) reported no significant difference in non-oral or passive 

CTCs between children who had early hard palatal surgery at age 12 months and 

those who had late hard palatal surgery at age 36 months. In the current study, these 

non-significant results in the non-oral and passive CTCs among surgical timing group 

indicated that hard palatal closure may not be the primary factor influencing the 
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occurrence of non-oral and passive CTCs. More variables regarding the secondary 

surgery should be considered in future studies.  

5.5 Limitations 

This dissertation used an existing database from a Chinese hospital and 

conducted a secondary data analysis rather than collecting data using prospective 

methodology. A comparable number of Mandarin-speaking children with CP±L and a 

control group could not practically be accessed in the U.S. The data used in this 

dissertation were selected by a physician in the Chinese hospital, based on study 

inclusion criteria provided by the researcher. Additional information on the 

participants was not accessible to the researcher because of the privacy policy in the 

hospital and the limitation of the database. For example, information regarding the 

surgery type, possible second surgery dates, velopharyngeal function measures, 

history of hearing loss/intervention (e.g., ventilation tubes, cochlear implants), and 

speech therapy history was not clear. The sample size in this study was relatively 

small for each age group and unevenly distributed due to limitations of the 

retrospective data. Non-parametric statistical tests were used for the skewed 

distribution data, and detailed descriptive analyses were interpreted practically, given 

the limitations of the data. 

The speech sample was collected from an imitation naming task involving 

single words rather than spontaneous or connected speech, which reduced the validity 

of the CAPS-A assessment regarding speech intelligibility and hypernasality because 

the CAPS-A requires connected speech samples for these evaluations. The phonetic 

transcription and perceptual assessment data were based on audio recordings only, 

which do not allow the rater visually to confirm perceptual ratings or transcription 

with a view of participant’s face. However, the acoustic information (i.e., 
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spectrogram, waveform) was used during transcription to confirm the perceptual 

judgment.  

The inter-rater reliability of transcription and perceptual assessment should be 

ideally conducted by an experienced clinician who specializes in the speech of 

children with cleft palate and is a native Mandarin speaker. Although the second rater 

was an experienced experimental linguistic professor in China, she did not have 

specialized training in cleft palate speech. 

Language assessments and cognitive assessments were not administered at the 

time of original data collection, so children’s language ability at the age of data 

collection was not reported. No Mandarin standardized articulation test was available, 

so the speech sound disorders can only be evaluated based on the stimuli and 

responses from the Chinese hospital cleft palate assessment. 

5.6 Clinical Implications 

This dissertation provides important contributions regarding speech 

assessment for Mandarin-speaking children with repaired CP±L from ages 5 to 8 

years. No Mandarin standardized speech assessment is currently available for cleft 

palate speakers. The size of the consonant inventory and speech accuracy information 

may be used as a reference in clinics for Mandarin-speaking children with repaired 

CP±L between the ages of 5 and 8 years. Confirmed phonological processes may be 

used as criteria within a phonological assessment. The modified CAPS-A added 

Mandarin-specific parameters (i.e., tone, de-retroflexization, de-affrication) to other 

English-language parameters in order to perceptually assess the speech of Mandarin-

speaking children with repaired CP±L.  

This dissertation also contributed to the potential treatment of speech in 

Mandarin-speaking children with repaired CP±L. The detailed consonant inventory 
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and speech accuracy measured in each of the distinctive places and manners provide 

the order of development for different consonant manners and places for children with 

repaired CP±L between the ages of 5 and 8 years. Clinicians may use this information 

to prioritize place and manner features of target consonants used when establishing 

therapy goals. The confirmed Mandarin phonological processes in cleft speakers and 

phonological processes in age-matched typically-developing children provide error 

patterns for clinicians using phonological approaches for children with repaired CP±L 

from ages 5 to 8 years. The findings of similar speech accuracy among age groups and 

among surgical groups suggest a need for early speech therapy services for children 

with cleft palate. That is, patterns of misarticulation may not change much in children 

over the age of 6 years old because the window of articulatory motor development 

may close. After this point, articulatory motor patterns may be much more difficult to 

influence therapeutically. Similarly, late surgical repair, after a certain window of 

development, may not contribute much to improve articulation or remediate 

phonological processes. The findings of significant differences in hypernasality, 

lateralization, and occurrences of nasal assimilation suggest the importance of early 

hard palatal repair by 1 year of age.  

5.7 Future Directions 

A longitudinal study with a clinical trial research design, including a larger 

sample size, should be conducted to investigate the age group differences in speech 

accuracy, use of phonological processes, and cleft palate speech characteristics, and 

identify the window of speech development for children with repaired cleft palate. 

Future studies should incorporate more variables into the analysis (e.g., measurement 

of velopharyngeal closure, secondary surgery timing, language and cognitive abilities,  

history of hearing loss, severity of cleft palate). Future studies should collect higher 
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quality audio and video recordings for transcription and include more well-trained, 

specialized clinicians for reliability checks. Acoustic analyses should also be 

conducted to distinguish the subtle difference between active and passive nasal 

fricatives as well as abnormal nasal airflow (e.g., audible nasal emission, nasal 

turbulence). Additionally, due to the language-specific features in Mandarin, future 

studies should develop a Mandarin version of the CAPS-A with reliability and validity 

evaluations. 

5.8 Conclusion  

The current study showed that Mandarin-speaking children with repaired 

CP±L between the ages of 5 and 8 years had significantly smaller consonant 

inventories, lower speech accuracy, and more occurrences of phonological processes 

compared to typically-developing children of the same age. The findings between 

children with CP±L and typically-developing children were consistent with previous 

studies in other languages and added information to better understand the language-

specific features in Mandarin-speaking children with CP±L.  

Among the ages of 5, 6, 7, and 8 years, no significant differences were found 

in the size of consonant inventory, speech accuracy, use of confirmed phonological 

processes, or perceptual ratings on the Mandarin-modified CAPS-A parameters. The 

similar findings among age groups suggest the importance of early speech therapy for 

children with CP±L. A longitudinal study with a larger sample size should be 

conducted to further investigate the age differences and the cut-off time for speech 

development in children with CP±L. 

Overall, the results revealed that children who had early surgery showed fewer 

cleft palate speech characteristics than those who had late surgery related to 

hypernasality, but similar consonant inventories, speech accuracy, and use of 
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phonological processes. The findings of hypernasality difference among surgical 

timing groups suggest the importance of early palatal surgery. The lack of statistically 

significant difference in surgical timing groups on many parameters, particularly the 

size of consonant inventory, speech accuracy, and phonological processes, suggest 

that other variables (e.g., severity of cleft palate, secondary surgery information, 

presence of VP dysfunction, history of hearing loss, history of speech therapy, 

language and cognitive development) should be considered in future studies.  
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Appendix A 

Target words 

Pinyin IPA 
Chinese 

Characters 
IPA 

Chinese 

Characters 
IPA 

Chinese 

Characters 
IPA 

Chinese 

Characters 
IPA 

b p 爸爸 pa pa 鼻子 pi tsz̩ 布鞋 pu ɕe 菠萝 po luo 

p pʰ 爬楼梯 pʰa ləu tʰi 枇杷 pʰi pʰa 葡萄 pʰu tʰau 婆婆 pʰo pʰo 

m m 妈妈 ma ma 蜜蜂 mi fəŋ 木头 mu tʰəu 蘑菇 mo ku 

f f 发夹 fa tɕa 佛 fɤ 斧头 fu tʰəu 飞机 fei tɕi 

d t 大象 ta ɕaŋ 弟弟 ti ti 肚子 tu tsz̩ 得到 tɤ tau 

t tʰ 塔 tʰa 踢球 tʰi tɕʰəu 兔子 tʰu tsz̩ 特地 tʰɤ ti 

n n 拿 na 你好 ni xau 努力 nu li 鸟 niau 

l l 喇叭 la pa 梨子 li tsz̩ 鹿 lu 老虎 lau xu 

g k 嘎嘎 ka ka 哥哥 kɤ kɤ 鼓 ku 高矮 kau ai 

k kʰ 卡车 kʰa ʈʂʰɤ 可乐 kʰɤ lɤ 裤子 kʰu tsz̩ 看电视 kʰæn tiæn ʂʐ̩ 

h h 哈密瓜 xa mi kua 河马 xɤ ma 蝴蝶 xu tie 红色 xuŋ sɤ  

j tɕ 家庭 tɕa tʰiəŋ 机器人 tɕi tɕʰi ʐən 菊花 tɕy xua 酒杯 tɕəu pei 

q tɕʰ 跷跷板 
tɕʰau tɕʰau 

pæn  气球 tɕʰi tɕʰəu 去学校 
tɕʰy ɕue 

ɕau 墙壁 tɕʰaŋ pi 

x ɕ 虾子 ɕa tsz̩ 西瓜 ɕi kʷa 需要 ɕy jau 螃蟹 pʰaŋ ɕe 

z ts 杂技 tsa tɕi 自己 tsz̩ tɕi 足球 tsu tɕʰəu 责备 tsɤ pei 

c tsʰ 擦手 tsʰa ʂəu 刺猬 tsʰz̩ wei 粗细 tsʰu ɕi 测试 tsɤ ʂʐ̩ 

s s 洒水 sa ʂʷəi 四个 sz̩ kɤ  塑料 su liau 色彩 sɤ tsʰai 

zh ʈʂ 炸鸡 ʈʂa tɕi 蜘蛛 ʈʂʐ̩ ʈʂʷu 煮饭 ʈʂʷu fæn 折纸 ʈʂɤ ʈʂʐ̩ 

ch ʈʂʰ 叉子 ʈʂʰa tsz̩ 吃蛋糕 ʈʂʰʐ̩ tæn kau 厨房 ʈʂʰu faŋ 车轮 ʈʂʰɤ luən 

sh ʂ 鲨鱼 ʂa y 狮子 ʂʐ̩ tsz̩ 书包 ʂu pau 舌头 ʂɤ tʰəu 

IPA: International phonetic alphabet 
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Appendix B  

Cleft Audit Protocol for Speech - Augmented Mandarin Version 

ID/Name       
1. Intelligibility/Distinctiveness of speech    
Rating Description     
0 Normal      
1 10% unintelligible speech 

2 30% unintelligible speech 

3 50% unintelligible speech    
4 80% unintelligible speech    
2. Hypernasality      
Rating Description     
0 Absent      
1 Borderline-minimal     
2 Mild- evident on close vowels    
3 Moderate - evident on open and close vowels   
4 Sever -evident on vowels and voiced consonants  
3Nasal Airflow      
3a. Audible Nasal Emission     
Rating Description     
0 Absent    
1 Occasionally heard, < 3 examples  

2 Frequently heard, >= 3 examples  

3b. Nasal Turbulence      
Rating Description     
0 Absent    
1 Occasionally heard, < 3 examples 

2 Frequently heard, >= 3 examples 

4 Tone       
Rating Description     
0 Absent      
1 Occasionally incorrect < 3 examples    
2 Frequently incorrect >= 3 examples    
5. Cleft type characteristics (CTCs) Summary    
Anterior Oral CTCs      
1 de-retroflexization e.g., tʂ->ʦ, ʐ->z, ʂ->s  
2 de-affrication tʂ ts ʨ ->ʂ s ɕ    
3 Palatalization/palatal e.g. [tʲ] [ç, ʝ]    
Posterior Oral CTCs      
4 Double articulation without glottal stops, e.g., [t͡ k] [p͡k]     
5 Backing to velar/uvular     
Non-Oral CTCs      
6 Pharyngeal articulation    
7 Glottal articulation     
8 Active nasal fricatives    
9 Double articulation with glottal stops, e.g. [bʔ] [dʔ]    
Passive CTCs      
10 Weak and or nasalized consonants    
11 Nasal realization of plosives, and/or suspected passive nasal fricative 

12 Gliding of fricatives/affricates       
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