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CHAPTER I 

INTRODUCTION  

Cleft lip and palate are the fourth most common birth defects and occur in 

approximately 1 in 750 births around the world (Kummer, 2008). In the US, 1 in 1574 

infants is born with CP (Mai et al., 2014). CP occurs when the hard and/or soft palate of 

the mouth does not fuse together in utero during the first trimester. This results in a gap 

which then connects the mouth and nasal cavity. Kummer (2008) lists the causes of CP as 

being: chromosomal and genetic disorders, environmental teratogens in utero, viruses, 

and maternal nutritional deficiencies. The type and severity of a CP are determined based 

on location, size, and affected structures. Individuals with CP are at risk for 

velopharyngeal port dysfunction, otitis media, conductive hearing loss, and speech 

production difficulties.  

Although children with CP may undergo multiple surgical procedures to 

reconstruct structural anomalies, more than half of children with CP demonstrate various 

types of speech errors during preschool and school ages (Kummer, 2008). The children 

who produce these errors are also at higher risk to develop a speech disorder due to 

learned articulatory behaviors (Falzone, Jones, & Karnell, 2001). 

 Research conducted regarding this population has primarily focused on resonance 

errors that are most salient in children with CP.  Currently, there is limited research in the 

area of other aspects of speech development in children with CP, particularly research 

evaluating consonant cluster production in children with cleft lip and palate. Therefore, 

the current study aims to provide measurable information for these targets in this 

relatively large population. The purpose of this thesis was to investigate consonant cluster 
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production in school-aged children with CP. This study had the following two goals: The 

first goal was to examine characteristics of consonant cluster production in children with 

CP as compared to those of children with typical development. The second goal was to 

investigate the types of error produced (i.e., substitution, total deletion, partial deletion, 

and distortion) by children with CP.   

The next chapter reviews current literature related to resonance and speech 

characteristics in children with CP in English as well as other languages, consonant 

clusters in normally developing children and in children from various disordered 

populations. Chapter three provides the methods, experimental design, and procedures of 

the study. Chapter four presents the results of data analysis including overall consonant 

production, consonant cluster production, and the types of errors produced by each group. 

The findings of the study and limitations are discussed in chapter five, followed by a 

conclusion. 
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CHAPTER II 

LITERATURE REVIEW 

2.1 Resonance characteristics in children with cleft palate 
In speech, resonance occurs in the vocal tract and shapes the voice source created 

by the laryngeal system (Wyatt et al., 1996). To produce normal oral resonance, normally 

developing individuals raise the velum (i.e., the muscle that forms the soft palate) which 

makes complete contact with the pharyngeal wall. This is velopharyngeal closure.  

Abnormal resonance is often characterized in terms of hypernasality, 

hyponasality, and cul-de-sac resonance. Nasality is a general term that refers to the nasal 

resonance perceived by a listener (Jones, 2005). Hypernasality occurs when there is 

increased nasal resonance due to abnormal coupling of the oral and nasal cavities. 

Velopharyngeal dysfunction (velopharyngeal insufficiency or velopharyngeal 

incompetency) and structural anomalies such as fistulae along the hard and soft palate 

result in hypernasality. Velopharyngeal dysfunction occurs when there is incomplete 

velopharyngeal closure at the posterior portion of the oral cavity. A fistula is an opening 

that allows air to flow up to the nasal passage and then back down into the oral cavity. 

This constant communication between these two cavities produces the perceived 

resonance disturbances. Hypernasality is most easily detected on vowels and voiced 

consonants such as, /l, r, b, g, w/. The voiced consonants /b, d, g/ might be realized as /m, 

n, ŋ/. 

Hyponasality is a reduction of nasal resonance that occurs when there is a type of 

blockage of the air path in the posterior portion of the oral cavity. This blockage could be 

caused by enlarged adenoids, and/or an over-compensatory strategy as an attempt to 
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control hypernasality (Kummer, 2008). Hyponasality is most easily detected on the nasal 

consonants /m, n, ŋ/ and may be perceived as /b, d, g/.  

An additional type of disordered resonance is referred to as cul-de-sac resonance. 

Cul-de-sac resonance occurs when acoustic energy is blocked in the oral, pharyngeal, or 

nasal cavity. The air escaping up into the oral or nasal passages is obstructed by some 

structural anomaly and the sound is then absorbed in the cavity and a “muffled” vocal 

quality is observed (Kummer, 2008).  

In addition to perceptual judgment, resonance can be also measured by acoustic 

instruments (e.g., Nasometer) to support the clinician’s perception of the presence or 

absence of a resonance disorder and its severity. A Nasometer is “an instrument that 

bandpass filters the acoustic signals in the frequency range of 350 Hz to 650 Hz” (Zajac, 

2013) and obtained nasalance data. Nasalance is a ratio of nasal energy and nasal plus 

oral energy and is obtained using the Nasometer’s two microphones during speech 

production. Nasalance is typically tested using three types of speech stimuli which 

include syllables/prolonged sounds, sentences, and paragraphs. The syllables/prolonged 

sounds and sentences often contain both nasal and non-nasal phonemes with contrasting 

pressure-sensitive consonants and vowels (e.g., papapapapa or pipipipipi).  The three 

types of commonly used passages are a non-nasal passage containing all oral phonemes 

(e.g., The Zoo Passage), a passage which contains a proportionate amount of both oral 

and nasal phonemes (e.g., The Rainbow Passage) and a set of nasal sentences which 

contain many nasal phonemes.  

Watterson, McFarlane, and Wright (1993) completed a study which compared 

nasalance scores and listener judgements of nasality. The participants were 25 children 
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with craniofacial disorders aged between 3;4 and 13 years. The mean nasalance scores 

varied across the test passages due to the varying severity of velopharyngeal 

incompetency among the subjects. Overall, the nasalance scores obtained followed the 

trend that the children with cleft palate (hereafter CP) would have higher nasalance 

scores as the number of nasal phonemes increased in each passage. They also found a 

significant correlation between nasalance and nasality for nasal and oral passage; 

however, the relationship was not confirmed for the nasal passage. Watterson et al. 

argued that the use of the Nasometer or listener perception alone was not accurate when 

determining the presence or absence of hypernasality during speech. Instead, the authors 

recommend that the use of both is crucial when determining abnormalities in resonance.  

Recently, Prathanee, Pumnum, and Seepuaham (2012) evaluated the relationship 

between perceptual assessment and nasalance scores in 115 Thai speaking children with 

CP. Their findings were similar to Watterson et al. in that Prathanee et al. found a good to 

excellent correlation between the perceptual judgements and instrumental scores in oral 

and nasal passages, however, they also found a weak correlation between the perceptual 

judgements and instrumental scores for the nasal passage. 

 Albustanji, Albustanji, Hegazi, and Amayreh (2014) examined 80 Saudi Arabic-

speaking children with repaired CP aged 6-15 years old. The children’s hypernasality was 

rated based on a 5-point scale as follows: 0= resonance within normal limits, 1= 

mild/minimal/occasional hypernasality on high vowels, 2= mild and consistent 

hypernasality on high vowels, 3= moderate and consistent hypernasality on high and low 

vowels, 4= severe and consistent hypernasality on vowels and voiced consonants. 

 Twenty-one participants were determined to have normal resonance, while 59 
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participants displayed abnormal resonance and articulation. Hypernasality was the most 

commonly occurring error and was found in 64% of the participants. Of the participants 

who demonstrated hypernasality, 35% of them also produced articulation errors. Overall, 

these percentages indicated that resonance deficits occurred at a high percentage in 

children with CP and often co-occur with articulation errors.  

Schönweiler et al., (1999) conducted a retrospective study which evaluated data 

of 370 German-speaking children with CP and a mean age of 4;6 obtained from 1985 to 

1993. The children with CP were divided in terms of cleft type: bilateral cleft lip and 

palate (BCLP, 28.7%), unilateral cleft lip and palate (UCLP, 30%), CP (CP, 21.6%), cleft 

soft palate (CV, 10.8%), cleft lip and alveolus (CLA, 5.8%), and submucous cleft (SUB, 

3.2%).   

Hypernasality and nasal emissions were judged auditorily at the word level in 

terms of plosives, fricatives, and affricates when combined with vowels with low nasal 

resonance. Overall, increased nasal resonance and emission were found in all cleft 

groups. The cleft velum group had the highest percentage (81.48%) of subjects with 

increased nasal resonance and emission, the SUB (71.43%) group had the next highest 

percentage followed by the BCLP (78.38%) and CP group (73.33%). The UCLP 

(70.93%) and CLA (30.77%) group had the lowest percentage of subjects with resonance 

abnormalities.  These results indicate that increased nasal resonance and emissions are 

highly likely to occur in all subjects with clefts, regardless of cleft type.  

2.2 Articulation characteristics in children with CP 
 In individuals with CP or other craniofacial anomalies, articulation errors are 

classified as either obligatory errors or compensatory errors (Wyatt et al., 1996). 
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Obligatory errors are those that occur due to structural interference or structure 

abnormalities (e.g., velopharyngeal dysfunction). The manner and/or place of articulation 

may be correct, but phoneme production is distorted primarily due to the abnormal 

structures or velopharyngeal dysfunction. Hypernasality and nasal emission are examples 

of obligatory errors. Nasal emission occurs when air leaks through the nose causing weak 

production or omission of consonants and a decreased length of utterance. This most 

commonly occurs when the speaker is producing high pressure voiceless consonants (i.e., 

/s, ʃ/). These errors require surgical or prosthetic intervention, but they are not subject to 

speech therapy.  

Compensatory articulations are learned incorrect speech production behaviors due 

to structural anomalies or mis-learning in the absence of velopharyngeal incompetency 

(Wyatt et al., 1996). Compensatory articulations associated with CP are mostly errors in 

place of articulation. The child with CP develops a tendency to substitute English 

consonants that require oral pressure as various English and non-English consonants 

(Wyatt, et al. 1996). The most commonly substituted phonemes are stops and fricatives 

that require high oral pressure (e.g., /p/, or /s/). The stops and fricatives are usually 

produced at the posterior portion of the oral cavity, resulting in glottal plosives and 

fricatives, pharyngeal plosives and fricatives, uvular fricatives, velar fricatives, palatal 

and lateral fricatives, and nasal fricatives. These compensatory articulation errors are 

subject to speech intervention. 

Chapman, Hardin-Jones, Schulte, and Halter (2001) compared the speech 

development of 9-month-old English-learning infants with and without CP. Among the 

45 infants, 30 had unrepaired CP and 15 were normally developing infants. The canonical 
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babbling acquisition rate, frequency of vocalizations, and phonetic inventories of each 

child were examined based on 100 vocalizations produced while interacting with a 

caregiver.  

Chapman et al. (2001) found that speech characteristics between the two groups 

already differed during the stages of early development. While 93% of the normally 

developing infants achieved canonical babbling, roughly half (57%) of the infants with 

CP achieved canonical babbling when they were 9 months of age. When examining the 

infant’s consonant inventories, on average the normally developing infants produced 

twice as many consonants (i.e., 10) compared to their peers with a cleft (i.e., 5). It was 

also found that the infants with CP produced fewer oral stops (i.e., stops made in the oral 

cavity - alveolars, bilabials, and velars) and glides than the normally developing infants. 

Most of the stops produced by the infants with CP were in the glottal place while the 

remaining were produced in the labial or velar place. The infants with CP produced 

consonants in the glottal place twice as frequently (62% vs 29%). A high percentage of 

glottal stops were produced as a compensatory stop.  

Eshghi, Vallino, Baylis, Preisser, and Zajac (2017) examined velopharyngeal port 

closure during stop consonants and vowels in 18 children with CP and 9 children with 

normal speech development. The children with CP received surgery to repair their palate 

by at least 11 months of age (M= 9.8 months). Based on oral examination, only 

participants who showed adequate velopharyngeal port function without fistula were 

chosen for the study.  

 Spontaneous speech was gathered at 12, 14, and 18 months of age during play 

using toys that were designed to elicit oral stops and non-high vowels. Vowels and stop 
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segments were elicited for both groups. Furthermore, 99% of stops were voiced by 

children with CP and 88% of stops were voiced by normally developing children. When 

velopharyngeal port closure was examined, normally developing children produced 98% 

of stops with good velopharyngeal port closure, while the children with CP only 

produced 81% of stops with adequate closure. Normally developing children had 

approximately 13.5 times greater odds at achieving velopharyngeal port closure for stops 

in CV and VCV syllables than children with CP at 12 months old.   

 When compared to young children with normal development, who have the 

ability to produce complete velopharyngeal port closure by 12 months of age, children 

with CP showed delayed velopharyngeal port closure. Three participants with CP did not 

show complete velopharyngeal port closure until 14 months of age, but these children 

were able to catch up by 18 months.  

Estrem and Broen (1989) examined word-initial English phonemes produced by 

five normally developing children and five children with CP in the first 50 words stage of 

language development. The mean age of the participants with CP was 18.75 months 

(range: 16.5 – 22 months). The mean age for the normally developing participants was 

15.25 months (range: 13.5 to 17 months). Vocabulary size was used as a criterion to 

qualify the participants to ensure all the children’s language development was similar. 

Each participant’s speech sample was analyzed in terms of singleton consonants. 

Consonant clusters were not included in the analysis. A relational analysis was completed 

to find the relationship between the phoneme produced and the target, percentage of 

consonants correct, and the types of errors produced. The normally developing children 

produced word-initial phonemes with 71.2% accuracy while the children with CP 
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achieved a 53.6% accuracy. The normally developing children produced words that 

began with stops, while the children with CP avoided using stops. The children with CP 

tended to use words that began with nasals, approximants, and vowels. The children with 

CP also tended to produce words with [+sonorant] phonemes such as: /l/, /m/, /n/, /ŋ/, /r/, 

/w/, and /j/. The normally developing children produced more words that were [-

sonorant], rather than [+sonorant]. This suggests that children with CP tend to choose 

words that do not require increased intraoral pressure.  

In terms of place, the normally developing children produced many phonemes at 

the lingua-alveolar place, while the children with CP produced glottal and labial 

phonemes. In terms of the relationship between word choice and phoneme production, 

both groups’ vocabulary was influenced by the phonemes they were able to produce. In 

other words, the participants produced words that contained phonemes they were able to 

successfully produce.  

Overall, it was determined that the children with CP tend to target and produce 

phonemes in the word-initial position that they are most likely to produce successfully. 

These phonemes include those produced in the glottal and labial place along with nasals, 

approximants, and vowels.  

Gibbon, Ellis, and Crampin (2004) used electropalatography (EPG) to identify 

place of articulation for /t/, /d/, /k/, and /g/ in 15 children aged between 7-15 years (M: 

10;5) with repaired CP. Following a perceptual speech evaluation, a majority of the 

participants were judged to have articulation errors on the alveolar targets (i.e., /t/ and 

/d/), but produced the velar targets (i.e., /k/ and /g/) without any errors. During the EPG 

assessment participants wore custom palate plates and produced 40 consonant targets in a 
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variety of phonetic contexts while speaking at a natural, conversational rate. Each target 

was coded in one of the following ways: alveolar placement, palatal placement, velar 

placement, or alveolar + velar placement (i.e., lingual contact at a location on the palate 

involving both the alveolar ridge and the velum). The results found that for alveolar 

targets there was a near even distribution between correct alveolar, errors due to velar 

placement, and alveolar + velar placement. Seventy-five percent of the participants 

achieved either alveolar or alveolar + velar placement, while only four children did not. 

Seven of the children produced one or more of the targets with correct alveolar 

placement, but did not produce them consistently for all alveolar targets. The participants 

produced velar targets with far greater accuracy, producing 77% of all velar targets with 

correct articulatory placement. The alveolar + velar placement occurred less frequently 

for velar targets (12%) compared to alveolar targets (28%). Four participants were 100% 

consistent in placement for both velar and alveolar targets. The EPG patterns were 

compared to a normally developing child. The children with CP showed increased 

contact across the palate including more alveolar + velar placements, some instances of 

retraction during /t/ and /d/ production, some instances of fronting for /k/ and /g/ 

production, placement variability, and one instance of increased anterior side contact on 

/t/ and /d/ than for /k/ and /g/.  

 Overall, Gibbon et al. (2004) found that alveolar targets were produced with 

correct placement less frequently than velar targets. Also, alveolar + velar placement was 

produced frequently by the children with CP, occurring more frequently for alveolar 

targets.  
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 Previous studies examining speech in English-speaking children with CP focused 

on early speech development. Very limited research has been conducted to investigate 

speech development in school-aged children. It is not certain whether speech 

development in children with CP lags behind the normally developing children during the 

school aged period. Thus, further studies are warranted to examine whether speech 

production characteristics in school aged children with CP are similar to those of 

normally developing children. 

2.3 Speech characteristics in non-English-learning children with CP 
Speech production in children with CP has also been studied in non-English 

languages. Scherer, Oravkinova, and Mcbee (2013) completed a longitudinal comparison 

of early speech and language milestones in Slovak and American children with CP as 

compared to normally developing children recruited from communities in the 

surrounding areas. At four points during an 18 month period (i.e., 6, 12, 18, and 24 

months) observations of naturalistic mother-child interactions were obtained. The 100 

utterance samples were transcribed to evaluate mean babbling level (MBL) and phonetic 

inventory for children with 10 or more words.  

Results showed that children with CP from both languages achieved higher values 

for mean babbling level over time, but were still behind their normally developing peers. 

In regards to the children’s phonetic inventory, the children with CP did not differ 

significantly from their normally developing peers at age 6 months with both groups 

having between 4-7 consonants requiring both high and low oral pressure. However, at 

12 to 24 months the children with CP progressed more slowly than their normally 

developing peers. At 18 months, the children with CP had an average of 7 consonants 
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while their normally developing peers had an average of 12 consonants. The children 

with CP produced more consonants requiring low oral pressure, presumably due to the 

difficulty they experienced while attempting to produce consonants requiring high oral 

pressure. The same pattern was seen at 24 months, the children with CP had between 8 

and 9 consonants while the normally developing children had an average of 15 

consonants. Scherer et al. (2013) also observed that children with CP acquired consonants 

that required high oral pressure later and more slowly than their normally developing 

peers and did not catch up by the end of the observation time (i.e., 24 months).  

Specifically, they had difficulty at the alveolar place, and rehabilitation of the consonants 

produced did not occur instantaneously after palatoplasty.  

Lohmander and Persson (2008) performed a longitudinal study of speech in 20 

Swedish children with CP at 3, 5, and 7 years of age. They also included data previously 

collected at 18 months from the same children during a play session with a parent. Nine 

children without CP also participated at 3 and 5 years of age as the control group. Two 

participants in the control group left the study after 5 years of age, so 7 children 

participated at 7 years of age. Single words were elicited using a naming test resulting in 

49 consonant productions in all possible positions. In addition, sentences that contained 

stop consonants, /s/, and nasal consonants were elicited at 5 and 7 years of age. The data 

were analyzed in terms of percent correct consonants (PCC), percent correct manners 

(PCM), and percent correct places (PCP). The children with CP continued to have 

significantly lower frequency of PCC, PCP, and PCM at ages three and five. At three 

years of age, the children with CP only produced roughly 50% of consonants correctly 

while their normally developing peers produced close to 80% of consonants correctly. 
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The same lag was seen at age five, the children with CP produced around 80% of 

consonants correctly, but the normally developing group was now producing the targeted 

consonants with 100% accuracy. By age seven, there was no longer a significant 

performance difference seen for PCM.  Babbling and first word productions obtained at 

18 months of age were compared to consonant productions at three, five, and seven years 

of age. A high number of dental plosives and a variety of consonant types in babbling and 

first words was a good predictor of consonant production in later speech. Nasalance was 

also obtained using nasometry. They found that hypernasality and nasal air leakage 

occurred most often in children with CP at both ages (i.e., five and seven years old). The 

mean value of nasometry measures for the five-year-old group with CP was 26.85 with 

normally developing children having a mean value of 14.98. The seven-year-old group’s 

with CP nasometry values was 26.44 with their normally developing peer’s values being 

11.74. Results of Lohmander and Persson’s (2008) study suggests that children with CP 

who receive a two-stage palatal repair will not produce speech as accurately as their 

normally developing peers. The study also suggests that a child’s sound inventory at 18 

months, regardless of existence of CP, is a good indicator of that child’s future consonant 

production.  

Albustanji, Albustanji, Hegazi, and Amayreh (2014) conducted a study assessing 

frequency of articulation errors, types of articulation errors, and phonological processes 

in Saudi Arabic-speaking children with repaired CP. Eighty children (46 males and 34 

females) aged between 6 to 15 years old with surgically repaired cleft lip and palate were 

examined. Seventy-nine consonants in all possible positions (initial, medial, and final) 

were evaluated. Albustanji et al. (2014) found that 21 of the 80 participants had 
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articulation that fell within normal limits, whereas 59 participants produced errored 

consonants. Of the 446 consonant production errors, the majority of them were 

compensatory articulations. They included 37 backing of oral consonants to voiceless 

pharyngeal fricative (8%) and 28 glottal stop (6%) productions. Thirty-three backing of 

oral consonants to velar plosives (7%), 48 uvular plosives (11%), and 22 nasal fricatives 

(5%) were also reported. Nasal consonants for oral pressure consonants, nasalized voiced 

pressure consonants, and weak oral pressure consonants accounted for 13 (3%), 7 (2%), 

and 10 (2%) of total errors, respectively.  

Overall, more than 75% of the children with repaired CP demonstrated 

articulation errors and use of various compensatory strategies. These findings were 

interesting as glottal stops and pharyngeal fricatives are considered phonemic in Arabic 

and were still used as compensatory articulations for other phonemes.  

Prandini, Pegroraro-Krook, Dutka, and Marino (2011) conducted a retrospective 

study evaluating consonant production errors for liquid phonemes produced by six-year-

old Brazilian Portuguese-speaking children with CP. The participants were 397 children 

including 237 males and 160 females. The children were divided into two groups in terms 

of palatoplasty repair technique: Furlow vs. von Langenbeck. The Furlow technique 

lengthens the soft palate and attempts to place it in a more posterior position whereas the 

von Langenbeck technique creates flaps from the present tissue and sutures them together 

to form a muscle sling. Children were also classified as “early” if they received a 

palatoplasty at 9 – 12 months of age and “late” if the procedure was done at 15 – 18 

months of age. Words and phrases which targeted the phonemes: /l/, /r/, cluster /r/, and 

cluster /l/ were elicited.  
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Overall, the study found that production errors of liquid phonemes were not 

produced often (Prandini et al., 2011). Tongue anteriorization during /l/ productions was 

the only phoneme found to be significantly in error (55% of the time) compared to all 

other phonemes observed.  However, there was a significant difference in production of 

the /r/ consonant clusters.  Seven percent of consonant errors came from the late 

acquisition of the phoneme in the early repair group, but 14% of consonant errors came 

from the late acquisition of the phoneme in the late repair group. In terms of group, a 

significant difference was found between children who received a palatoplasty early and 

late. Children who received the palatoplasty early acquired the liquid phoneme earlier 

and displayed fewer errors than the children who received their palatoplasty later. 

However, no significant difference existed between the two surgical treatment groups.  

In summary, a majority of the studies examining speech characteristics in children 

with CP, English-speaking children in particular, have been limited to young children and 

focused on singleton consonants. To our knowledge, no studies investigated consonant 

clusters and subsequent error patterns in English-speaking children with CP. 

2.4 Consonant clusters in normally developing children 
According to Locke (1983), one-third of all English monosyllabic words begin 

with a consonant cluster and the majority of monosyllable words also end with a 

consonant cluster. Smit (1993) defined the natural acquisition order of consonant clusters 

as follows; stops plus /w/ clusters, /l/ clusters except /sl/, /r/ clusters except /θr/, /s/ 

clusters including /sw/, /sl/ and /θr/, three element cluster /skw/, and finally all other three 

element clusters. Typical consonant cluster acquisition was also described by Greenlee 

(1974) who found that there were four stages of acquisition. The first stage included 
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complete deletion of the cluster. In the second stage, children produce one of the cluster 

elements, and usually deleted the unmarked portion of the cluster. During the third stage, 

children produce both portions of the cluster, but now substitute it for the marked portion. 

In the fourth and final stage children reach complete and accurate production of the 

cluster. Children usually master consonant cluster production at approximately three 

years old, but can continue to develop accuracy past that age.  

Smit (1993) conducted a study aimed at testing Greenlee’s theory. The subjects 

were 997 male and female children aged between 2;0 and 9;0. Twenty-seven consonant 

clusters were studied which included most initial clusters in English. Picture cards which 

depicted single words that contained consonant clusters were used to elicit the consonant 

clusters. Smit found that reduction to a single portion of the cluster was more common 

than the complete deletion of the cluster, disproving Greenlee’s first stage of consonant 

cluster development. It was also found that in reference to Greenlee’s second stage, 

markedness may play less of a role in determining which portion of the cluster will be 

deleted. When evaluating the obstruent + /w/, obstruent + /l/, and the obstruent + /r/ 

clusters, the obstruent remained more frequently when cluster reduction occurred. The 

clusters which contained /s/ + glide, nasal, or stop were most often reduced to the glide, 

nasal, or stop present. In the youngest groups, /sn/, /st/, and /sk/ were reduced to /s/ 5-

15% of the time. The data for the preservation of both elements and three-element 

clusters was found to be consistent with Greenlee’s findings about the third and fourth 

stage of consonant cluster acquisition.  

Kirk (2008) also conducted a study examining Greenlee’s theory. The study 

focused on the third stage of cluster development. In this stage Greenlee states that 
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children can produce the consonant cluster, but one of the consonants is substituted for 

another.  The participants were 11 children between the ages 1;5 and 2;7. Picture cards 

were used to elicit word-initial and word-final consonant clusters in the stressed syllable 

position. The word initial clusters elicited were /s/ + stop, /s/ + nasal, consonant + glide, 

obstruent + /l/, and obstruent + /r/. The word final clusters elicited were nasal + /z/, stop + 

/s, z/, nasal + stop, and /s/ + stop. The results found that 34% of all consonant clusters 

elicited were produced correctly. The most commonly occurring error, cluster reduction, 

occurred in 43% of all responses. Predictable substitutions and unpredictable 

substitutions were the second and third most commonly occurring error, happening in 

15% and 6% of the responses, respectively. The substitution errors were coded as being 

either predictable or unpredictable. An error was considered predictable if the child 

produced the error during the production of singletons. The error was unpredictable if the 

child produced the phoneme correctly during production of singletons, but then produced 

it incorrectly in the cluster. Of the substitution errors, one-third of them could not be 

predicted. Of these unpredictable errors, 70% of them resulted in the members of the 

cluster agreeing in place and/or manner. These results indicate that assimilation accounts 

for more errors in consonant cluster production than originally thought.  

McLeod, Doorn, and Reed (2001) examined consonant cluster production in 2-

year-olds living in Australia. The study compared general acquisition trends and 

individual differences produced as cluster acquisition progresses. Data was collected 

monthly over 6 months using a spontaneous speech task that was designed to elicit word-

initial and word-final consonant clusters in connected speech. The samples were elicited 

during play that involved toys with names and characteristics that included consonant 
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clusters. The mean production of words that contained consonant clusters each session 

was 76.9 words. Seven thousand three hundred and seventy-eight words were analyzed 

with most consonant clusters occurring in word-initial position. Independent and 

relational analysis were used to evaluate the samples.  

After an independent analysis of the sample was completed it was found that as a 

group, participants produced a range of consonant clusters in both word-final and word 

initial position. As participants’ ages increased, the number and diversity of consonant 

clusters and stable production of consonant clusters increased. The average number of 

stable consonant clusters was found to be 10.8 per observation. The relational analysis of 

the data revealed that the percent of consonant clusters correct (PCCC) was between 0% 

and 79.1% (M: 29.5%). As the participant’s age increased, additional consonant clusters 

appeared in their phonetic inventories. It was also found that half of the group’s PCCC 

increased from the first observation to the sixth. The average number of stable consonant 

cluster produced was 5, with a wide range from 0 to 14. Cluster reduction for all 

participants was 32.5% with each participant producing at least one error throughout the 

study. The study found that although the participants may not have shown a significant 

amount of improvement in PCCC, they did increase the variability and complexity of 

their productions over the course of the six-month period.   

2.5 Consonant cluster studies in children from other disordered populations 
 Although consonant clusters have not been examined in children with CP, they 

were examined in populations such as children with hearing loss and bilingual children. 

Adi-Bensaid and Ben-David (2010) conducted a study on the developmental acquisition 

of word-initial consonant clusters by Israeli Hebrew children with cochlear implant (CI). 
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The participants’ patterns of cluster reduction are compared to those of normally 

developing hearing children. The children’s ages ranged from 1;5 to 2;8 with diagnosed 

bilateral sensorineural hearing loss.  

Word-initial consonant clusters were elicited using a picture naming task. Sixteen 

words which contained word-initial consonant clusters that are acquired early in normally 

developing children were used. Words that were spontaneously produced that contained 

word-initial consonant clusters were included in the sample for analysis. The cluster 

types included the following: obstruent-obstruent clusters (47%), obstruent-approximant 

clusters (32%), obstruent-nasal clusters (17%), and nasal-glide clusters (1.7%). The 

words included were made of three syllable types: monosyllabic, disyllabic, and those 

with three or four syllables.  

The results showed that the children with CI’s production of consonant clusters 

was very similar to the productions by the normally developing children. The error 

patterns produced by the experimental group was also very similar to the errors produced 

by the normally developing children. Adi-Bensaid and Ben-David’s study found that the 

children with a cochlear implant and the normally developing children were very similar 

in the stages of acquisition and the deletion patterns produced.  

Fulcher, Baker, Purcell, and Munro (2014) described consonant cluster 

acquisition in auditory-verbal children with early-identified severe to profound hearing 

loss (HL). The participants were 12 children aged between 3;0 and 4;0 years old. All 

participants had a diagnosis of a hearing loss, received amplification, and were enrolled 

in auditory-verbal intervention before they were 6 months old. Using the Goldman 

Fristoe Test of Articulation-2, Percentage of Consonants Correct (PCC) and Percentage 
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of Consonant Clusters Correct (PCCC) were calculated for initial, medial, and final 

position. A single word test of consonant clusters and a conversational speech sample 

were also used to gather additional samples of initial and final clusters from each 

participant.  

The results found that PCC for the children with HL and normally developing 

children were very similar. At three-years-old, the PCC for children with HL and 

normally developing children were 81% and 85% correct respectively. At four-years-old 

the PCC for children with HL was 99% correct while normally developing children had 

91% accuracy.  In terms of initial and final cluster production in single word and 

conversational speech, the participants with HL had similar accuracy as normally 

developing children at three-years-old, but performed slightly below normally developing 

children at four-years-old. The average PCCC in both single word and conversational 

speech was 61.75% and 82% at 3:0 and 4:0, respectively. The participants’ PCCC had 

increased, but they were not as accurate as their normally developing peers.  

Phoon, Maclagan, and Abdullah (2015) studied consonant cluster acquisition by 

Chinese-influenced Malaysian English-speaking children. The participants were 262 

normally developing children whose ages ranged from 3;0 to 7;11 years old. A picture-

naming task was used to elicit the targets. The targets were between one and five 

syllables and sampled at least once during the data collection period. In total, 66 words 

(32 syllable-initial and 14 syllable-final) were analyzed. The targets were elicited through 

spontaneous naming or imitation. The data were analyzed and all acceptable adult 

variants were counted as correct when produced. For example, one of the acceptable 

variants was the deletion of final stops. Four areas of accuracy were analyzed: the percent 
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consonant cluster correct – acceptable variant (PCCC-AV), accuracy of syllable position 

(syllable-initial and syllable-final), accuracy by feature category, and accuracy by number 

of constituents.  

The results found that older children had a higher PCCC-AV than the younger 

participants. The younger children also produced clusters with greater variability. In 

terms of syllable position, children aged between 3;0 and 5;5 produced clusters in 

syllable final position with more accuracy than syllable initial clusters. After age 5;5 the 

accuracy of clusters produced in syllable final position increased. When the different 

categories were examined, the older children had a higher production accuracy across all 

categories when compared to the younger children. There was a high standard of 

deviation, which pointed to a large amount of variability in the sample. The older 

children also produced clusters with two and three constituents with higher accuracy than 

the younger children.  

Overall, the study found that older children produced consonant clusters with 

greater accuracy in terms of syllable position and feature category. Clusters in the 

syllable-final position were produced with a greater accuracy first while clusters in the 

syllable-initial position were produced with greater accuracy at a later age.  

2.6 Purpose of the study 
This study examined the accuracy of consonant cluster production in English-

speaking children with CP. This study compared consonant clusters between children 

with CP and normally developing children to identify whether consonant cluster 

productions were significantly different between the two groups.  The current study 

focused on initial consonant cluster production and investigated the type of errors 
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produced (i.e., substitution, total deletion, partial deletion, and distortion).  This study is 

significant due to the lack of research on consonant cluster production by English-

speaking children with CP. This study will help clinicians gain a greater understanding of 

specific speech production characteristics of children with CP and provide insight for 

speech intervention.  
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CHAPTER III 

METHOD 

3.1 Participants  
A total of 20 English-speaking children aged between 4 to 7 years old were 

recruited for this study. Ten children had a history of repaired CP (mean age = 6;0, SD = 

8.99 months) while the other ten normally developing children were age matched (M = 

5;9, SD = 9.32 months).  Six of the ten participants with CP reported a history of 

unilateral CP, with four reporting the current presence of a fistula. All participants with 

CP had received speech therapy previously.  The chart below provides additional 

information regarding the children with CP. 

Table 1 Health history of participants with CP 

Participant 
ID 

Age Type of Cleft History of 
Recurrent Ear 
Infection 

Presence of 
Fistula 
Currently  

Previous 
Speech 
Therapy 

CP1 7;2 L UCLP Yes Yes Yes 

CP2 6;10 Bilateral CP Yes Yes Yes 

CP3 6;7 L UCLP No No Yes 

CP4 6;7 L Complete 
UCLP 

No Unknown Yes 

CP5 6;0 Bilateral CLP No Yes Yes 

CP6 5;4 
 

CLP 
(unspecified) 

No No Yes 

CP7 5;3 
 

L Complete 
UCLP  

Yes No Yes 

CP8 5;2 
 

L Complete 
UCL and 
Middle UCP  
 

Yes No Yes 
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Table 1 Continued 

Participant 
ID 

Age Type of Cleft History of 
Recurrent Ear 
Infection 

Presence of 
Fistula 
Currently  

Previous 
Speech 
Therapy 

CP9 5;7 
 

Middle 
Complete 
UCP  

Yes No Yes 

CP10 5;4 Bilateral CP 
 

Yes Yes Yes 

*CLP = Cleft Lip and Palate **CP = CP ***UCP = Unilateral CP ****UCLP = 

Unilateral Cleft Lip and Palate 

The children with CP were recruited via a flyer from a non-profit community 

outreach program that provided medical services for children with CP. The normally 

developing children were recruited from local communities via a flyer. Parents had the 

opportunity to contact the researcher if they were interested in the study. Among the 

children with normal development, children were excluded from the study if there was a 

previously diagnosed articulation, phonological, or intellectual disorder.  

3.2a Nasalance Values for Children with CP 

While examining nasal resonance was not a main focus of this study, the data 

obtained provided helpful information regarding the children with CP. The examiner 

attempted to obtain nasalance scores for all participants, however one child was not 

compliant. Overall, the children with CP produced higher nasalance values for the 

prolonged vowels /a/ and /i/, however, the normally developing children had higher 

nasalance values for the nasal phoneme /m/. This may be attributed to the normally 

developing children having greater control, and possibly coordination, over 

velopharyngeal port opening and closing. The children with CP produced all sentences 

with higher nasalance values and with greater variability. These behaviors by the children 
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with CP help qualify them as being “typical” in that they perform differently than their 

normally developing peers.  

3.2 Data collection procedure and test materials 
   Before testing, the parents or guardians of the participant signed a consent form 

allowing their child to participate in the study. The Goldman Fristoe Test of Articulation-

3 (GFTA-3, Goldman & Fristoe, 2015) was administered in order to obtain overall 

articulation skills and consonant cluster productions. Then, additional words were elicited 

using the following pictures of words (twin, clock, fly, three, shrimp, small, snake, sky, 

square, splash, spring, straw, screen) in order to obtain full scope of initial consonant 

clusters in English. The child’s word productions were recorded using a digital recorder 

and a microphone.  

Table 2 Consonant clusters elicited  

Stop + 

/w/ 

Stop + 

 /l/ 

Fric 

+ /l/ 

Stop + /r/ Fric + 

/r/ 

/s/ + 

stop 

/s/ + 

nasal 

/sw/ Three 

clusters 

Quack 

Twins  

Blue   

Plate 

Glasses 

Clock 

  

Fly 

Slide 

Brushing 

Drum 

Green 

Princess 

Truck 

Crown  

Frog 

Three 

Shrimp 

Star 

Spider 

 Sky  

Small 

Snake  

Swing Square 

Splash 

Straw 

Spring 

Screen 

In order to identify nasalance scores of the children who participated in this study, 

the prolonged sounds and sentence subtest of the MacKay-Kummer Simplified 

Nasometric Assessment Procedures- Test Revised (SNAP-R) was administered. The 
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MacKay-Kummer SNAP test-R was developed to improve the diagnostic value of 

nasometry and to make administration easier with children and non-compliant patients.  

First, the administrator demonstrated how to produce the sounds and sentences. 

Then the children wore a headset microphone and were asked to repeat them with normal 

speech. Their productions were recorded and analyzed using Nasometer II 6450 (Pentax 

Medical, 2009). Nasometer is a computer-based noninvasive instrument, which provides 

a nasalance score. The nasalance score was calculated by the ratio between output nasal 

energy and the sum of nasal plus oral energy during speech.  

3.3 Articulation data analysis 
Data collected were compared between the normally developing children and the children 

with CP in terms of the following analyses. 

1. Standard scores from GFTA-3 were compared to identify overall articulation 

skills. 

2. Percent of consonant correct (PCC) and percent of consonant cluster correct 

(PCCC) were calculated and compared between the two groups. PCC and PCCC 

were calculated by dividing the number of correct segment productions by the 

number of singleton consonants or consonant clusters overall.  

3. Production accuracy of each consonant cluster was compared to the normally 

developing children’s productions to identify error patters and similarities 

between the two groups.  Consonant clusters were grouped into s-clusters, non s-

clusters, and three-segment clusters. 

4. The frequency of each error pattern produced by the children with CP was 

analyzed for: distortion, total cluster deletion, partial cluster deletion, and cluster 
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substitution. Correct production was defined as all parts of the cluster being 

produced correctly (e.g., st produced as st). Distortion was defined as any portion 

of the consonant cluster that is unable to be identified as correct within the 

consonant cluster (e.g., st produced as *t, with the /s/ segment being 

unintelligible). Total cluster deletion was defined as all parts of the cluster being 

omitted (e.g., st not being produced at all). Partial cluster deletion was defined as 

deletion of one consonant in the two segment clusters and deletion of two 

consonants in the three-segment clusters (e.g., st produced only as s). Substitution 

was defined as the replacement of any portion of the cluster with any other 

phoneme (e.g., st produced as sl).   
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CHAPTER IV 

RESULTS 

4.1 Characteristics of consonant production 
The means and standard deviations of the standard scores from the Goldman 

Fristoe Test of Articulation (GFTA-3) are shown in Figure 3 and Table 5. It was found 

that the normally developing children achieved a higher mean score than the children 

with CP. The children with CP produced greater variance than the normally developing 

children. T-test identified that the standard scores between the two groups was 

significantly different (t (18) = 3.451, p = .004).  

 

Figure 1 Mean and standard deviation of GFTA scores 

Table 3 Mean and standard deviation of GFTA scores 

 Mean  Standard Deviation  
ND 93.30 11.52 
CP 65.40 22.81 
 Figure 4 and Table 6 show the means and standard deviations of PCC and PCCC 

for both groups. Overall, the normally developing children produced singleton 
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consonants and consonant clusters with higher accuracy than the children with CP. The 

children with CP also produced greater variance than the normally developing children in 

both PCC and PCCC. There was less variability in terms of PCC than PCCC in both 

groups. The repeated measures ANOVA indicated that there was a significant interaction 

between group and type of consonants (consonant vs. consonant clusters) (F (1, 18) = 

6.713, p = .018) and a significant main effect of group (F (1, 18) = 10.633, p = .004).  

However, there was no significant main effect of type of target produced (F (1, 18) = 

1.497, p = .237).  

The normally developing children produced higher accuracy than children with 

CP on both PCC and PCCC. While the children with CP produced PCC with higher 

accuracy than PCCC.  

 

Figure 2 Mean and standard deviation of PCC and PCCC 
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Table 4 Mean and standard deviation of PCC and PCCC 

 Mean PCC Standard Deviation PCC 
ND 95 4.54 
CP 73 22.85 

 
 Mean PCCC Standard Deviation PCCC 
ND 97 2.20 
CP 68 26.89 

4.2 Comparison of consonant cluster production between children with CP and 
normally developing children  

Figure 5 and Table 7 display the mean and standard deviation of production 

accuracy of five categories of consonant clusters between the two groups. The stop + w 

group is composed of /tw/ and /kw/. The consonant + l group is composed of /pl/, /bl/, 

/kl/, /gl/, /fl/, /sl/. The consonant + r group is composed of /pr/, /br/, /dr/, /tr/, /gr/, /kr/, 

/fr/, /θr/, and /ʃr/.  S + stop clusters include /st/, /sp/, and /sk/. Finally, three segment 

clusters consist of /skw/, /spl/, /str/, /spr/, and /skr/. Overall, the normally developing 

children produced consonant clusters with higher accuracy for all targets than the 

children with CP. There was less variability between target productions in the normally 

developing children compared to the children with CP’s productions.  

Multivariate Analyses of Variance (MANOVA) was conducted to reveal that a 

significant difference in the overall production of cluster targets between the two groups 

(Wilk’s L = .307, F (5, 14) = 6.31, p = .003). The normally developing children correctly 

produced stop + w clusters significantly better than the children with CP (F (1, 18) = 

7.23, p = .015). The normally developing children also produced the following consonant 

clusters significantly better: consonant + l clusters (F (1, 18) = 5.51, p = .030) and 

consonant + r clusters (F (1, 19) = 7.78, p = .012). The normally developing children also 

correctly produced s-clusters and three-segment clusters significantly better than the 
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children with CP (F (1, 18) = 11.907, p = .003 for s-clusters; F (1, 18) = 28.452, p = .000 

for three segment clusters).  As expected, the normally developing children produced s-

clusters with higher accuracy than the children with CP. The normally developing group 

also had less variability among production targets compared to the children with CP.  

 

Figure 3 Mean and standard deviation of non s-cluster production accuracy 

Table 5 Mean and standard deviation of consonant cluster production accuracy 

  Mean Standard Deviation p 

Stop + W ND 100.00 0.0 .015 CP 65.00 41.16 

Consonant + L ND 98.75 7.90 .030 CP 71.25 44.08 

Consonant + R ND 80.10 29.28 .012 CP 44.95 49.29 

S- Clusters ND 97.92 6.56 .003 CP 57.90 44.91 
Three-segment 

Clusters 
ND 88.00 19.32 .000 CP 32.00 26.99 

4.3 Comparison of error patterns between children with CP and normally 
developing children 

Figure 6 and Table 8 display the means and standard deviations of correct 

production as well as the four error patterns (i.e., total deletion, partial deletion, 
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substitution, and distortion) produced by both groups. The normally developing children 

produced consonant clusters with a higher accuracy than the children with CP and did not 

have any occurrences of total deletion errors. The children with CP produced more 

distortions, substitutions, partial deletions, and total deletions than the normally 

developing children. The normally developing children had less variability among all 

error categories compared to the CP group who showed large variability in the following 

categories: correct production, substitution, distortion, and partial deletion.  

MANOVA confirmed the significant difference in the overall error patterns 

between the two groups (Wilk’s L = .457, F (5, 14) = 3.33, p = .034).  The normally 

developing children produced consonant clusters with a significantly greater accuracy 

than the children with CP (F (1,18) = 13.32, p = .002). As expected, the CP group 

produced significantly more distortions (F (1,18) = 12.11, p = .003) and partial cluster 

deletions (F (1,18) = 5.879, p = .026). However, the difference for substitution was 

marginal (F (1,18) = 4.284, p = .053). There was no significant difference found on total 

deletions (F (1,18) = 1.0, p = .331) between the two groups. 
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Figure 4 Mean and standard deviation of error patterns 

Table 6 Mean and standard deviation of error patterns 

  Mean Standard Deviation 

Correct Production ND 25.2 3.58 
CP 14.1 8.92 

Substitution ND 2.3 3.33 
CP 7 6.35 

Distortion ND 0 0.00 
CP 4.5 4.08 

Total Deletion ND 0 0.00 
CP 0.2 0.63 

Partial Deletion ND 0.2 0.42 
CP 2 2.30 

 

In summary, the children with CP produced singleton consonants and consonant clusters 

less accurately and with greater variability than the normally developing children. The 

children with CP also demonstrated all four of the error patterns, while the normally 

developing children only produced two.   
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CHAPTER V 

DISCUSSION 

The purpose of this study was to investigate consonant cluster production in 

school-aged children with CP. Consonant cluster production can affect speech 

intelligibility as one-third of all English monosyllabic words begin with a consonant 

cluster and the majority of monosyllable words also end with a consonant cluster (Locke, 

1983). Although it is apparent that consonant clusters play a large role in speech sound 

development, very little research has been conducted examining consonant clusters in 

children with CP. Previous research examining children with CP has primarily focused 

on resonance, and consonant clusters in this population have only been examined in non-

English languages. This study provided novel information regarding consonant cluster 

production in English-speaking children with CP. The specific goals of this study were 

(1) to examine consonant cluster production in children with CP and identify whether 

their production differed significantly compared to normally developing children, and (2) 

to investigate the types of articulation error patterns produced by children with CP.  

5.1 Consonant cluster production comparisons for children with CP and normally 
developing children  

 Although the main interest of the current study lay in the children’s 

consonant cluster production, the GFTA and PCC results provided additional information 

on singleton consonant development in children with CP as compared to normally 

developing children.  The current study found that children with CP produced all elicited 

phonemes with less accuracy compared to the ND group. This was consistent with 

findings by Lohmander and Persson (2008), who performed a longitudinal study of 

speech in 20 Swedish children with CP at 3, 5, and 7 years of age and found that the 
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children with CP produced singleton consonants with less accuracy compared to their 

peers with CP.  The current study also found that children with CP also showed large 

variability in terms of their PCC,  which ranged from 36 percent to 97 percent accuracy. 

It should be noted that for this study, one child who achieved the lowest percentage 

accuracy previously had severe structural anomalies and has received extensive speech 

language pathology services for a prolonged period of time with little evidence of 

improvement.  

These findings indicate that school-aged children with CP produce consonants 

less accurately than their ND peers although they have received speech intervention. The 

lower accuracy in their speech production may be due to mis-learned articulatory 

behaviors that were not fully corrected. These results indicate that continuing speech 

intervention should be provided to children with CP after medical treatment was 

completed. 

 In addition, the current study also found higher nasalance scores in 

children with CP than in normally developing children, consistent with Albustnaji et al. 

(2014) and Schönweiler et al. (1999), whose studies reported that nasalance scores in 

children with repaired CP were abnormal compared to children with normal development 

and that resonance and articulation disorders often co-occur in this population.  Given 

that only four children with CP demonstrate a fistula in this study, the fistula may not be 

the primary reason for higher nasalance in children with CP as compared to normally 

developing children. The current study did not obtain further information regarding the 

history of velopharyngeal flap surgery. The current findings, however, indicate that 

velopharyngeal closure may not be adequately made among the children with CP. Thus, 
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further evaluation is warranted to identify the status of velopharyngeal closure and refer 

them for pharyngeal flap surgery if needed.  

Similar to singleton consonants, the children with CP also produced consonant 

clusters with less accuracy than normally developing children. While variability of PCCC 

in the normally developing children ranged from 82 percent accuracy to 100 percent 

accuracy, the children with CP showed larger variability amongst the group with their 

scores ranging from 17 percent accuracy to 95 percent accuracy, with the child who 

achieved 17 percent accuracy being an outlier. The larger variability may be attributed to 

the degree of structural anomalies. The child with mild structural anomalies (e.g., 

unilateral cleft lip and palate) produced consonant clusters with higher accuracy whereas 

the child with the severe anomalies (e.g., bilateral cleft lip and palate) demonstrated the 

lowest accuracy of consonant clusters. In terms of type of consonant clusters, the children 

with CP produced three-segment clusters with the lowest accuracy while the normally 

developing children produced the consonant + r clusters with the lowest accuracy. The 

lowest accuracy of consonant + r clusters  in normally developing children was consistent 

with the previous studies in English-speaking children (Smit, 1993; Greenlee, 1974) in 

that  many of the normally developing children de-rhotacized the /r/ phoneme due to it 

being a later-acquired phoneme. Although children with CP also had difficulty in 

producing consonant +r clusters, it appeared that three segment clusters were more 

challenging to children with CP with a 56 percent accuracy difference between the two 

groups. These findings suggest that children with CP may have more difficulty in 

producing sound sequences.  
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The normally developing children produced stop +/w/ consonants with the highest 

accuracy, a data point consistent with previous literature, which found similar patterns of 

cluster acquisition and mastery (Smit, 1993; Greenlee, 1974).  On the other hand, 

children with CP did not produce stop + w clusters with the highest accuracy; instead, 

they produced consonant + /l/ clusters with the highest accuracy. These results may be 

attributed to the fact that children with CP still have difficulty producing alveolar stops. 

Further studies are warranted to analyze more detailed production patterns. The results of 

the children with CP’s consonant cluster production does not align with those found by 

both Adi-Bensaid and Ben-David (2010) and Fulcher et al. (2014) who discovered that 

children with hearing loss acquired and produced consonant clusters similarly to 

normally developing children. However, results from this study are similar to Phoon, 

Maclagan, and Abdullah’s (2015), in that there was a general trend of a higher PCCC as 

children aged.  These findings indicate that structural anomalies in children with CP led 

to unique production characteristics, which is different from children with perceptual 

constraints (i.e., children with hearing loss) in consonant cluster production.  

Overall, the findings of this study indicated that children with CP will produce 

singleton consonants and consonant clusters less accurately than normally developing 

children, and should therefore receive skilled speech and language services aimed at 

targeting these differences. Due to the nature of these children’s developmental 

anomalies, it is imperative that intervention begin early to combat any compensatory 

and/or mis-learned articulatory behaviors which are further discussed in the next section.  
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5.2 Consonant cluster error pattern comparisons between children with and without 
CP  

While examining the types of errors produced, the children with CP demonstrated 

a range of error patterns while the normally developing children only demonstrated two 

error patterns (i.e., substitution errors and partial cluster deletion errors). These findings 

were expected based on the normally developing group’s high accuracy and observed 

error patterns for singleton consonants. Furthermore,  Kirk’s (2008) hypothesis of an 

error occurring during the production of consonant clusters (if that error is being 

produced during the production of singleton consonants) was supported by the current 

study.   

 Kirk also argued that cluster reduction errors occurred most frequently in 

normally developing children during consonant cluster production, followed by 

substitution errors. However, the current study found a different pattern. In this study 

substitution errors occurred the most frequently rather than cluster reduction. Such 

discrepancy is due to the fact that the current study examined children older than those in 

Kirk’s study. Kirk examined children aged between 1;5 -2;7 children. These young 

children tend to demonstrate more cluster reduction errors than substitution errors. In the 

current study, the frequent de-rhotacization of the /r/ phoneme by some of the normally 

developing children was found. Partial cluster deletion was the second error pattern found 

and occurred on consonant clusters, which contained only two segments. These errors 

were produced by two of the youngest children in this group, so they may be due to 

incomplete mastery of this skill.   

 The children with CP produced the following error patterns: substitution, 

distortion, total deletion, and partial deletion. As seen in the normally developing group, 
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substitutions comprised a large portion of the errors produced (seven tokens on average). 

Many of these substitutions were produced by two children in this group; one who 

consistently glided /r/ phonemes and one who displayed many idiosyncratic errors and 

had a highly restricted phoneme inventory. The next most commonly occurring error 

pattern was distortion, occurring for four and a half tokens on average. These distortions 

were mainly judged to be unintelligible phoneme substitutions and deviations in 

resonance. Partial cluster deletion accounted for two errored consonant clusters on 

average. Total deletion occurred very infrequently in one child and is not considered to 

be representative of this child’s production abilities. Adi-Bensaid and Ben-David (2010), 

Kirk (2008), Fulcher et al. (2014), and Smit (1993) found that total consonant deletion 

was highly uncommon and occurred very rarely.  

Albustanji et al. (2014) found that the most commonly occurring errors produced 

in their study were due to compensatory articulations, which are common in this 

population and are often learned as these children are developing their articulatory skills. 

These findings are consistent with the current study as the most commonly deleted and 

distorted phonemes were /r/, /l/, and phonemes which required control of oro-nasal 

pressure (stops, fricatives, affricates). These errors may have been produced as a way for 

the children with CP to compensate for structural abnormalities, difficulty controlling 

resonance due to VP incompetence, or insufficiency. It can also be inferred that some of 

the error patterns produced are due to learned avoidance of phonemes the children with 

CP perceived to be more difficult to produce despite having intact structures and 

functioning resonance systems.  
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5.3 Limitations 
 This study has several limitations that should be remedied in future studies. 

Although this study is considered to have a large sample size compared to previous 

research completed on this topic, it included a small number of children (n=10). This 

study also included children with CP with varying degrees of severity and subsequent 

stages of recovery. In terms of stimulus items, there was not an equal number of tokens in 

each consonant cluster subcategory. Future research should strive to eliminate these 

limitations to ensure the most reliable and representative data and findings. Finally, more 

detailed error analysis is warranted in the future studies. 

5.4 Conclusion 
 This study analyzed consonant cluster production in school-aged children with CP 

in terms of consonant cluster production accuracy and the types of errors produced 

compared to normally developing children. The findings suggest that children with CP do 

not produce consonant clusters as accurately as their normally developing peers. 

Additionally, children with CP produce different error patterns which may be considered 

compensatory errors due to structural abnormalities, difficulties controlling resonance, 

and/or learned misarticulated patterns. The limited amount of research on consonant 

cluster production in children with CP should not go unnoticed. While this study attempts 

to address this absence, there are still limitations that could be corrected in future studies.  

 Based on the prevalence of this disorder, future researchers investigating this 

topic should continue to gather information regarding consonant cluster acquisition, 

production, and mastery, the presence or absence of compensatory articulatory behaviors 

while producing these targets, and possible treatment options for these errors. 
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