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Abstract 

This study examined characteristics of initial consonant clusters produced by 

children with hearing loss. The study had three goals. The first was to examine 

developmental patterns of consonant cluster production in children with hearing loss. The 

second goal was to examine consonant cluster production as compared to normally 

developing children, using a preexisting database, and the third goal was to examine the 

applicability of the Sonority Sequencing Principle (SSP) to consonant cluster production 

in children with hearing loss. Eighteen children with hearing loss from preschool through 

2nd grade participated in this study. Consonant clusters were elicited using a picture 

naming task. The study found that accuracy of consonant clusters produced by children 

with hearing loss was lower than that of normally developing children, but improved as 

children’s age increased, suggesting that age plays a dominant role in consonant cluster 

production in children. The results of the study also suggest that SSP also plays a partial 

role in characterizing consonant clusters produced by children with hearing loss.  
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Chapter I 

Introduction 

Consonant clusters are groups of two or more sequential consonants with no 

intervening vowel within a syllable (Fulcher, Baker, Purcell, Munro, 2014). In English, 

consonant clusters are permissible in both word-initial and word-final position. 

Consonant clusters comprise one-third of word-initial position (Locke, 1983), and 

accurate production of consonant clusters affects overall intelligibility of speech. 

Consonant clusters are mastered as late as 9 years of age in typically developing children 

(McLeod, 2001; Smit, Hand, Freilinger, Bernthal, & Bird, 1990; Templin, 1957). Ingram 

(1991) suggests that consonant cluster production is a later developing skill because 

cluster production requires phonotactic knowledge and maturation of the oral motor 

system. Due to the high frequency of consonant clusters in English, the inability to 

produce these segments can lead to significantly decreased speech intelligibility.  

It is well documented that children with hearing loss demonstrate lower accuracy 

of speech production (Blamey, 2001). Hearing loss affects between one and six newborns 

out of every 1,000 live births (Bachmann & Arvedson, 1998). These children are at risk 

for significant speech and language delay as well as decreased academic performance. 

Technological advances as well as universal newborn hearing screening have improved 

overall speech outcomes for this population; however, a number of children with hearing 

loss consistently demonstrate errors in speech production due to limited ability to 

perceive high acoustic frequencies of consonants (Blamey, 2001).   

Research has been conducted to investigate speech and language characteristics of 

children with hearing loss. However, limited information is available regarding consonant 
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cluster production in these children. Previous studies mainly described characteristics of 

consonant cluster production in normally developing children (Templin, 1957; Greenlee, 

1974; Smit, 1993). A few studies have utilized one particular theory to explain such 

production patterns. Sonority Sequencing Principle (SSP) is one theoretical framework 

frequently used to explain consonant cluster production in English and other languages.  

The purpose of the study was to examine consonant cluster production in pre-K 

through school-age children with hearing loss. The current study had three goals: (1) to 

examine developmental patterns of consonant cluster production in children with hearing 

loss; (2) to examine consonant cluster production in children with hearing loss as 

compared to normally developing children after using an existing database; and (3) to 

examine the applicability of SSP to consonant cluster production in children with hearing 

loss.  

 The following chapter will review the SSP including the current literature 

evaluating the SSP, consonant cluster acquisition in typically developing children, and 

consonant clusters in children with hearing loss. Chapter three will detail the methods of 

the study including participants, experimental design, and procedures. Chapter four will 

provide both quantitative and qualitative findings of the current study. Finally, Chapter 

five will discuss the findings by comparing to previous findings, provide implications of 

results, and limitations of the study.  
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Chapter II 

Literature Review 

2.1 Sonority sequencing principle 

The Sonority Sequencing Principle (SSP) is a theoretical framework that is 

frequently used to describe the patterns of consonant cluster production in children’s as 

well as adults’ speech (Clements, 1990). Sonority has been defined differently among 

researchers. Sonority refers to the relative loudness of a sound (Sievers, 1876; Ladefoged 

& Johnson, 2011), continuity of the spectrum amplitude (Stevens, 1987) or amount of 

stricture of the articulators necessary for production (Halle & Clements, 1983).  

Ladefoged and Johnson (2011, p. 245) defined sonority as “its loudness relative to that of 

other sounds with the same length, stress, and pitch.” The perceived loudness is based 

upon the sound’s acoustic intensity or quantity of acoustical energy produced. Regardless 

of various definitions, it is commonly agreed that the more open a sound is (e.g., vowels), 

the more sonorant it is and vice versa (Wyllie-Smith, McLeod, & Ball 2006).  

The idea of sonority has been used to explain consonant cluster patterns within 

syllables (Clements, 1990; Selkirk, 1984). A number of researchers proposed various 

sonority hierarchies. Zec (1995) posited a simples hierarchy such as vowel – sonorant 

consonant – obstruents whereas Hogg and McCully (1987) proposed a more complicated 

hierarchy such as low vowels – mid vowels – high vowels – flaps – laterals – nasals – 

voiced fricatives – voiceless fricatives – voiced stops – voiceless stops. The long vowel is 

considered as having the highest sonority whereas voiceless stops possess the least 

sonority. Among the various hierarchies, the present study adopted Selkirk’s hierarchy 

(1984). Selkirk proposed vowels – glides – liquids –nasal – fricatives – stops as this 
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sequence progresses from most sonorant to least sonorant. After using the Hogg and 

McCully scale, and assigning the lowest number (i.e., 1) to the most sonorant consonant 

class and the highest number to the least sonorant consonant class, stops in Selkirk’s 

hierarchy receive a score of five, fricatives are four, nasals are three, liquids are two, 

glides are one, and zero is assigned to vowels. The present study chose Selkirk’s 

hierarchy because his system is most appropriate to analyze child’s consonant 

productions. Selkirk’s system has also been frequently used in previous studies (e.g., 

Ohala, 1999)  

The SSP posits certain consonant sequences are preferred over others due to the 

sonority of the individual consonants in relation to the most sonorant element of the 

word, which is the vowel. The most preferred word onset sequence is one that maximally 

rises in sonority to the vowel. For example, the consonant cluster /pr/ in pride is preferred 

because /p/ is less sonorant than /r/; thus, as /p/ leads to /r/, and to the vowel /aɪ/, the 

sequence rises in sonority from the least sonorant segment to the most sonorant segment. 

Most English consonant clusters follow this theory; however, there is an exception.  In 

English, /s/ + stop clusters do not abide by these rules. More specifically, in the word 

“star,” the consonant cluster /st/ does not rise maximally because /s/ is more sonorant 

than /t/.  The /s/ + stop clusters are considered adjunct clusters, meaning the /s/ is just an 

addition to the word onset and is not viewed as a true cluster. Some have classified all 

word initial /s/ clusters as adjunct clusters while others have proposed different categories 

(Geirut 1999).  For example, /s/+ approximant (s+ [+continuant]) is viewed differently 

than /s/ + stop and /s/ + nasal clusters (s+ [-continuant]) in that children who learned /s/ 

+stop clusters were able to produce /s/ + nasal, but not /s/ +approximant (Gierut, 1999), 
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arguing that /s/ +approximant clusters are marked in comparison. On the other hand, 

Bernhardt (1994) separated /s/ +stop (/s/ +[-sonorant] clusters from /s/ +[+sonorant] 

because two children in her study acquired /s/ +stop earlier than the others. 

Based on SSP, two hypotheses have been proposed. Broselow and Finer (1991) 

proposed that unmarked syllable structure, or clusters with the greatest sonority 

difference, will be acquired earlier than marked syllable structure, or clusters with the 

smallest sonority difference based on the Selkirk (1984)’s sonority index. Markedness is 

a relative term that refers to the universality of a characteristic and the ease of production. 

Unmarked sequences are considered easier to produce. The greater the numerical 

difference in the sonority index, the more unmarked the cluster is considered. For 

example, /sm/ is composed of a fricative consonant and a nasal consonant. The sonority 

difference between the two sounds is one because the numerical values of fricative and 

nasal are four and three, respectively. On the other hand, the cluster /tw/ comprises a stop 

and a glide. The sonority difference between the two sounds is four. Since the sonority 

difference of /tw/ is greater than that of /sm/, the /tw/ sequence is considered unmarked 

compared to the marked /sm/ sequence. Thus, the /tw/ consonant clusters are considered 

easier to acquire than /sm/ consonant clusters.   

Broselow and Finer (1991) examined the influence of sonority difference and 

markedness on second language acquisition. Thirty-two participants including 24 native 

Korean speakers and eight native Japanese speakers were included in the study. All 

participants were enrolled in an intensive English program or were spouses or friends of 

someone enrolled.  The initial English consonant clusters /pr, br, fr, pj, bj, fj/ were 

elicited from participants using real and nonsense words. In terms of markedness, 
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obstruent + /r/ clusters are marked compared to obstruent + /j/ clusters due to the lower 

sonority difference between the obstruents + /r/ (i.e., /pr, br, fr) relative to the sonority 

difference between obstruent + j clusters (i.e., pj, bj, fj). Results were consistent with this 

hypothesis. Obstruent + /j/ clusters accounted for 19% of errors, while obstruent + /r/ 

errors accounted for 31% of errors.  According to the theory of markedness as applied to 

the sonority difference, /pj/ is the easiest cluster while /fr/ is the most difficult. While 

participants produced the most errors for /fr/, /pj/ was produced with the fewest errors.  

Another hypothesis based on SSP is concerned with consonant cluster reduction 

pattern. According to Ohala (1999), if one of the syllable initial clusters reduces, the 

reduced syllable tends to show a maximal sonority rise. In other words, the least sonorous 

member of the clusters tends to be retained, resulting in the greatest rise in sonority. 

Several researchers (e.g., Ohala, 1999; Yavas et al., 2008; Wyllie-Smith et al., 2006) 

adopted SSP to test the applicability of the SSP on cluster reduction in typically 

developing and disordered children.  

Ohala examined the applicability of the SSP on consonant cluster reduction with 

regards to the cluster position, consonant type, and cluster type in children. Sixteen 

English-speaking children with normal language development who were 2 years 5 

months (2;5) participated in this study. Initial and final consonant clusters were elicited 

using pictures and word stimuli. Three initial clusters, including /s/ + stop clusters (i.e., 

/sk/ and /st/) and /sn/ cluster were tested. Ohala  predicted /k/ and /t/ would be retained in 

/s/ + stop clusters while /s/ would be retained in /sn/ reductions, resulting in a maximum 

sonority rise. Results showed that the percent of stop retention was higher than that of 

fricative retention in /sk/ and /st/ sequences; however, the difference was not significant. 
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In terms of /sn/ sequence, the percent of fricative retention was higher than that of nasal; 

this difference was not significant either. Whereas no significance was found in 

consonant clusters in syllable initial position, the percent of /s/ retention was significantly 

higher than that of stops in final [-st] and [-sk] sequences. Ohala’s study examined only 

limited consonant clusters in syllable initial position. Further studies are warranted to 

investigate production accuracy in initial consonant clusters. 

Another study (Yavas et al., 2008) adopted SSP to investigate children’s initial /s/ 

cluster (#sC) production in four different languages. A total of 152 typically developing 

children whose native language was English, Hebrew, Dutch, or Norwegian participated 

in this study. The mean age ranged from 2;6-3;1. On average, over 500 consonant cluster 

productions were collected from each language. First, correct realization in four different 

#sC clusters was evaluated among the four languages. The four types of #sC clusters 

include /s/ + stop, /s/ + nasal, /sl/, /sw/. The results revealed that the three Germanic 

languages showed a similar pattern, that is, clusters with the greatest increase in sonority 

from the first element to the second element (e.g., /sw/, /sl/) were produced more 

accurately; however, such a pattern was not found in Hebrew. Hebrew-speaking children 

produced /s/ +nasal sequence more accurately than /sw/ and /sl/ sequences.  Across all 

three languages, /s/ + nasal produced the lowest correct realization which is consistent 

with the lower sonority difference of the adjunct cluster. Yavas et al. (2008) further 

analyzed correct realization of consonant clusters in terms of SSP-violating vs. SSP-

following #sC clusters, /s/ + [-continuant] (i.e. /s/ + stop, /s/ + nasal) vs. /s/ + 

[+continuant] (i.e. /sl/, /sw/), and #sC clusters vs. non-#sC clusters. No comparisons were 

statistically significant.   
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In regards to #sC cluster reductions, the Germanic languages favor retention of 

the least sonorant consonant with /s/+nasal being the exception. In /s/ + stop production, 

the participants retained the stop in the majority of opportunities, which creates the 

greatest rise in sonority from the onset to the nucleus. Production of /s/ + [+continuant], 

the initial /s/ was retained in most opportunities, which once again, allows the greatest 

rise in sonority. The /s/+nasal cluster is the only production that did not follow this 

principle.  

SSP is also used to explain consonant clusters in monolingual Australian English 

speaking children with speech sound disorders. Wyllie Smith, McLeod, and Ball (2006) 

examined whether the SSP explains and predicts consonant cluster reduction in 16 

children with speech sound disorders whose ages were from 2;0 to 2;11 and 40 normally 

developing children whose ages were from 3;6 to 5;8. Data for typically developing 

participants included four consonant cluster categories (fricative + stop, fricative + nasal, 

fricative + glide, stop + liquid), while data for speech impaired participants included six 

categories (fricative + stop, fricative + nasal, fricative + glide, stop + liquid, stop + glide).  

Overall, 37.1% of target words showed cluster reduction in the typically 

developing children while 30.3% of target words were produced with cluster reduction in 

children with speech sound disorders. Although the percentage of cluster reduction was 

similar in both groups, the typically developing children’s reductions adhered to the SSP 

more (67.4% of opportunities) than children with speech sound disorders (54.6%). 

Twelve typically developing participants reduced clusters and six adhered to the SSP, 

while 37 children with speech sound disorders reduced clusters and only seven adhered to 

the SSP. Chi square test results indicated significant results in the speech impaired 
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population only. Analyses of total number of cluster reductions indicated that reduction 

of clusters to the first element of the cluster adhered to the SSP a majority of the time in 

typically developing participants. In participants with speech impairments, reduction to 

the first element adhered to the Sonority Sequencing Principle a majority of the time, but 

reduction to the second element was adhered to in approximately half of opportunities. In 

both populations, reduction to a non-target element violated the SSP in the majority of 

opportunities. 

Results regarding individual categories were variable as well. The typically 

developing participants produced reductions to the target consonant adhering to the SSP 

in fricative + nasal clusters, fricative + glide clusters, and stop + liquid clusters. Fricative 

+ stop clusters produced by these participants only adhered to SSP in 54% of 

opportunities. The children with speech sound disorders reduced to the target consonant 

in adherence with the SSP in fricative + stop clusters and stop + liquid clusters, but 

violated SSP in fricative + nasal and fricative + glide clusters. In regards to reduction to 

non-target consonants, both groups reduced to an adhering consonant in fricative + nasal 

clusters and fricative + glide clusters. In typically developing participants, fricative + stop 

reduction to non-target consonant violated the SSP in all opportunities, while the 

participants with speech impairments violated the SSP in 50% of opportunities. Both 

groups violated SSP in stop + liquid reductions as well.  

In individual clusters, both groups produced target reductions of /br, gr, dr, kl/ 

that adhered to the SSP a majority of time. Additionally, the speech impaired group 

reduced /sk, st/ in adherence with the hypothesis, while the typically developing group 

produced adhering reductions in 57% and 50% of opportunities respectively. Typically 
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developing participants produced /sw, sn/ reductions in adherence a majority of the time 

as well, while the speech impaired group produced the most sonorant element of the 

clusters and violated the hypothesis. In regards to non-target reductions, both groups 

produced adhering reductions in /sw/. Both groups produced violating non-target 

reductions in /br, gr, dr, st/. The /kl/ cluster produced mixed results in both groups, and 

while the typically developing group produced non-target reductions for /sn/ that adhered 

to the hypothesis, the speech-impaired produced no non-target cluster reductions for /sn/. 

Overall, results from this study indicate that the SSP alone is unable to explain all 

patterns of cluster reduction. However, these results cannot be interpreted as fact due to 

age differences in the collected data. Different target clusters and words were analyzed 

and consonant inventories were not obtained. Additionally, the study included many #sC 

clusters which have proven variable in past studies.  

2.2 Accuracy of consonant clusters in children with normal development  

In typically developing children, consonant clusters emerge around two and 

continue developing until as late as nine years of age. Ingram (1991) suggests 

development of consonant clusters may be linked to an increase in understanding of 

phonotactics which governs word shape and phoneme sequences, as well as maturation of 

the oral motor system. Initially, typically developing children produce incorrect or 

distorted realizations of consonant clusters. Two classic studies described developmental 

patterns of consonant clusters. Templin (1957) defined the order of acquisition of word-

initial consonant clusters. Stop + /w/ clusters (e.g., /pw/) emerge first, followed by /l/ 

clusters (e.g., /pl/) except /sl/. Then, /r/ clusters (e.g., /pr/) except /ɵr/ develop followed 

by /s/ clusters, including /sw/. Finally, /sl/ and /ɵr/ are produced. After two-element 
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clusters develop, the first three-element cluster to emerge is /skw/. Greenlee (1974) 

identified four stages of typical consonant cluster acquisition. Initially, the total cluster is 

deleted, which is rare. The second stage, which is very common according to Kirk 

(2008), is cluster reduction. This stage persists the longest. Stage three is cluster 

substitution. In this stage, the child retains the appropriate number of elements, but 

substitutes one element. The final stage is full accuracy.  

Despite the importance of consonant cluster development in children, limited 

studies have been conducted that explain and understand the acquisition of consonant 

clusters focusing on phonological error patterns of consonant cluster acquisition (Smit, 

1993; Kirk, 2008). Smit (1993) examined word-initial consonant cluster acquisition in 

children’s speech in order to compare development with Greenlee’s patterns as well as 

phonological theories. Participants included 997 children from age 3;0 to 9;0. Picture 

card stimuli including 27 initial consonant cluster words were used to elicit consonant 

cluster production. Results showed that Greenlee’s first stage of acquisition, the total 

cluster deletion, is not typical. Cluster reduction overwhelmingly dominates consonant 

cluster acquisition according to Smit’s data. Additionally, in obstruent + /w/, obstruent + 

/l/, and obstruent + /r/ clusters, the majority of reductions retained the obstruent element 

of the cluster. This is consistent with the idea that children retain the unmarked element 

of the cluster. Though not analyzed in this study, these results are also consistent with 

SSP, which predicts the least sonorant consonant will be retained in order to create a 

maximal rise in sonority to the vowel. The /s/ + consonant clusters were reduced to the 

unmarked stop or nasal in most productions. However, younger children reduced the 

cluster to /s/ in 5-15% of opportunities. Unlike the other cluster categories, /s/ + 
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consonant cluster errors could be predicted by singleton target consonant production. 

Though they cannot be compared to two-element clusters, three-element clusters were 

observed as well. When the cluster was reduced to one or two elements, the stop 

consonant was overwhelmingly retained. When all three elements were preserved, errors 

typically consisted of /s/ and /r/ errors such as dentalization and gliding.  

Kirk (2008) also examined types and frequency of consonant cluster substitution 

in order to describe development and predictability of consonant cluster substitution 

during Greenlee’s third stage of consonant cluster acquisition in typically developing 

children.  Eleven typically developing monolingual English speakers with a mean age of 

2;1 were recruited to participate in the study.  Data on initial and final consonant clusters 

were collected using biconsonantal noun and color adjective picture cards. Spontaneous 

productions of non-target consonant clusters were included in analyses as well. Word 

initial target clusters included the following categories: /s/ + stop, /s/ + nasal, consonant + 

glide, obstruent + /l/, and obstruent + /r/. If an incorrect cluster target production was 

consistent with the child’s singleton production, it was considered predictable. Results 

showed only 34% of clusters were produced correctly during the study. Cluster reduction 

was the most common error type followed by predictable substitutions and unpredictable 

substitutions, which made up nearly one-third of all errors. In unpredictable initial 

consonant cluster errors, labial cluster substitutions were observed to be preferred by the 

participants. Unpredictable substitutions containing change in manner were less common 

with errors accounting for only 2.5% of unpredictable situations. Place and manner 

changes, or assimilatory errors, accounted for 8.5% of unpredictable errors. Overall, these 

results indicate that one-third of consonant cluster substitution errors cannot be predicted 
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by a child’s singleton consonant inventory, and suggests assimilatory processes 

contribute more to cluster substitutions than previously believed.  

2.3 Consonant clusters in children with hearing loss 

The current study examined consonant clusters in children with hearing loss. 

Thus, previous studies regarding consonant cluster production in these children were 

reviewed.  Speech and language outcomes for children with severe-profound hearing loss 

have been the focus of many studies; however, consonant cluster acquisition and error 

patterns for this population do not receive much attention.  

Many factors influence speech production accuracy for children with hearing loss. 

Age of onset, age of identification, age of amplification, therapy received, and type and 

severity of hearing loss all impact speech outcomes (Fulcher et al., 2014). Overall 

consonant cluster development in children with hearing loss has been described as 

delayed compared to hearing peers mainly due to the lack of auditory perception that 

precedes production (Blamey et al., 2001).  

Chin and Finnegan (2002) examined consonant cluster realizations in children 

with cochlear implants (CI) in order to determine whether understanding of consonant 

cluster realizations in normal hearing children is applicable to children with CI. 

Additionally, Chin and Finnegan compared consonant cluster realization in children who 

use oral communication (OC) and children who use Total Communication (TC).   

Results indicated consistencies in consonant cluster realization between children 

with normal hearing and children with CI. Data were analyzed in terms of null onsets, 

single-segment realizations, epenthetic realizations, and two-segment realizations. The 

null onset category yielded no data, which is consistent with the uncommon nature of 
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initial cluster deletion in normal hearing children. The single-segment realization 

produced different results between the groups. The OC group had two instances of first 

segment realization. Both were reductions of stop + liquid clusters that reduced to the 

stop which is consistent with SSP. The TC group reduced the obstruent + liquid clusters 

to the first obstruent segment as well, but also produced second-segment realizations in 

eight instances. The clusters /st, sl, kl, gr/ were reduced to the second element of the 

cluster. The stop clusters /kl, gr/ were reduced to the second element which violates the 

SSP; however, this reduction is consistent with singleton production by children with 

hearing loss due to the difficulty the population has with velar consonant production.  

The epenthetic realizations accounted for a small percentage of production and 

were only considered marginally in error. The two-segment realizations accounted for 

82% of productions. When the first segment was correct, the second segment was 

typically affected by a glide substitution (/br/�/bw/) in both groups. Incorrect first 

segments were unaspirated initial voiceless stops, substitutions, or distortions. There were 

23 instances of incorrect production of both elements of the cluster. Two were accounted 

for by one OC participant who produced /dr/ as /dw/ and /fr/�/vw/. The other 21 

instances were produced by the TC group. In the majority of the incorrect productions, /r/ 

was realized as /w/. These results provided some evidence that children with hearing loss 

produce similar consonant cluster realizations as children with normal hearing. 

Additionally, children who use OC produce clusters with higher accuracy than TC users.  

Fulcher, Baker, Purcell, and Munro (2014) examined accuracy and range of two 

and three segment initial and final consonant clusters in children with early identified 

severe-profound hearing loss (HL). Participants included 12 Australian children age three 
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and four, who had a diagnosis of bilateral congenital severe-profound sensorineural HL, 

amplification, and Auditory-Verbal (AV) Therapy before six months of age. Four of the 

children participated at age three and four.  

Results suggest similar consonant cluster development patterns in regards to range 

and accuracy in children with hearing loss and typically developing children. Percent 

consonant correct (PCC) results showed an increase in the accuracy of production of 

consonant clusters from age three to four in single words as well as conversational 

speech. A range of errors, including cluster reduction, cluster simplification, and cluster 

deletion, was analyzed as well. Results suggest that most production errors were not due 

to atypical or delayed singleton production, but to developmental errors consistent with 

normal hearing children. This study found cluster deletion to be a rare error. Additionally, 

cluster reduction was the most common error, but was reduced to approximately 10% by 

four years of age in all participants. These findings are consistent with consonant cluster 

error patterns in typically developing children.  

Finally, Adi-Bensaid and Ben-David (2010) investigated the developmental 

stages of consonant cluster acquisition in Israeli-Hebrew (IH) speaking children with CI 

to examine whether developmental stages of consonant clusters in children with CI are 

similar to those that appear in typically-developing hearing children. Six children with 

pre-lingual bilateral profound sensorineural hearing loss participated in the study. Data 

collection began 2-4 months after implantation and continued until the children 

demonstrated complete phonological development. Initial consonant clusters were 

elicited in a single word picture-naming task that included 16 stimulus words. 

Participants occasionally produced non-target initial consonant cluster words 
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spontaneously. These were also used in the analysis.  

Results showed that IH speaking children with CI followed similar stages of 

production acquisition as typically developing IH speaking children. They demonstrated 

the following stages: deletion of entire cluster, reduplication, cluster reduction, attempt to 

produce both segments of the cluster, and production of both segments. Initially, the 

participants produced consonant-free monosyllabic and polysyllabic words. Then, few 

instances of reduplication were produced by the children with CI. Next, cluster reduction 

was observed through systematic deletions of segments of initial clusters. In obstruent-

liquid clusters and one obstruent-glide cluster, the majority of reductions were to the 

obstruent segment. This proves consistent with the SSP. Glide preference did appear in 

nasal-glide clusters; however, there was heightened variability of production among 

participants. Obstruent-nasal cluster production revealed a tendency to produce the nasal 

segment. This trend of production violates SSP. Obstruent-obstruent cluster productions 

typically resulted in reduction to C2. Coalescence was an uncommon pattern of 

production in this study. Few productions were noted; however, one participant produced 

the majority of these errors. Then, the participants attempted to produce both consonants 

which resulted in epenthesis, and finally, both segments of the cluster were accurate 

across all groups of consonant clusters.  

2.4 Limitations of previous studies  

To date, previous literature examining consonant clusters in children with and 

without disorders present with several limitations. First, although several attempts have 

been made to investigate consonant clusters in typically developing children, relatively 

few examined consonant clusters in children with hearing loss. Out of the three studies 
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previously addressed, only one study was conducted with children with CI in the U.S. 

The two other studies examined children in other countries. Thus, more studies are 

warranted for this population. Second, the previous studies examining children with 

hearing loss mainly focused on young children (i.e., 3 years of age). No studies have been 

conducted to examine school-age children with hearing loss.  As children with hearing 

loss continue to demonstrate production difficulty into elementary age, more studies are 

needed to investigate consonant clusters in school-age children with hearing loss. Third, 

previous studies examining consonant clusters in children with hearing loss were mainly 

descriptive, and only one used a theoretical base (Adi-Bensaid & Ben-David, 2010). In 

addition, previous studies adopting SSP produced contradictory results. Thus, more 

studies are warranted to investigate the applicability of SSP as a theoretical basis for the 

study of consonant clusters produced by children.  

2.5 Study goals  

The present study examined consonant cluster production in English-speaking 

children with hearing loss. The study included both pre-k, kindergarten, and school-age 

children who used a hearing aid. The study also addressed applicability of the SSP to 

consonant cluster production in children with hearing loss. The present study had three 

goals. The first goal was to examine developmental patterns of consonant production in 

children with hearing loss. The second goal was to examine consonant cluster production 

as compared to normally developing children after adopting an existing database.  The 

third goal was to examine the applicability of SSP to consonant cluster production in 

children with hearing loss. 
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Chapter III 

Methods 

3.1 Participants 

Participants in this study included 18 children with hearing loss who were 

enrolled in local and vicinity schools in West Texas. All participating children were 

referred by SLPs or itinerant teachers of Regional Day School Program for the Deaf 

because they met the following criteria: 1) use of amplification, 2) use of oral or total 

communication, 3) use of English as the primary language, 4) no visual impairment, 5) 

ages between 4:0 years and 8:11 years. Nine of the children were enrolled in preschool 

and kindergarten and had a mean age of 5.4. The other nine children were enrolled in first 

and second grade and had a mean age of 7.8. All children were diagnosed as mild to 

moderate-severe hearing loss and were equipped with over the ear hearing aids from 

early childhood. More specifically, eight children had a mild to moderate hearing loss, 

ten children had a moderate to severe loss. Two children used total communication in a 

self-contained classroom while the rest of the children used oral communication only in 

aural and verbal classrooms. All children received language therapy at schools or at a 

private SLP practice when the study was conducted. One child had a comorbid diagnosis 

(Kabuki syndrome) in addition to hearing loss and language disorder.  

3.2 Stimuli 

Production of initial consonant clusters were elicited using a picture naming task. 

A total of 56 isolated words, two probe words for each consonant cluster, were used (see 

Table 1). All possible word initial consonant clusters in English (28 consonant clusters) 

were included. Once target stimuli words were selected, corresponding pictures were 
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searched via internet.  Two graduate SLP students were individually asked to name each 

picture to identify selected pictures correctly represent target words. Two graduate SLP 

students produced all target words with 100% accuracy.  

3.3 Procedure  

Data collection was completed in quiet clinic rooms or classrooms. The Goldman-

Fristoe Test of Articulation-2 (GFTA-2, Goldman & Fristoe, 2000) was administered in 

order to identify overall production accuracy of consonants and consonant clusters. 

Additional pictures depicting words containing initial consonant clusters were presented 

using a computer. The children were asked to name each picture once. Delayed imitation 

technique was utilized when a child was unable to independently label a picture. 

Children’s consonant clusters were recorded on a digital recorder for subsequent phonetic 

transcription using IPA. Child production was initially transcribed by a speech-language 

pathology graduate student. The primary investigator re-transcribed 10% of randomly 

selected words from each participant’s sample. This transcription was compared with the 

first student’s transcription to obtain inter-rater reliability, which was calculated by 

dividing the number of inconsistent consonant cluster transcriptions in the sample by the 

total number of clusters included in the random sample. The inter-rater reliability was 

80% at the phoneme level for this sample. Table 1 Consonant clusters elicited for the 

current study.
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Table 1 Consonant clusters elicited for the current study 

 

Stop + 

/w/ 

Stop + 

/l/ 

Fric + /l/ Stop + 

/r/ 

Fric + 

/r/ 

/sw/ /s/ + 

nasal 

/s/ + 

stop 

/skw/ /spl/ /spr, str, 

skr/ 

Quack Plane Flowers Pray Frog Swimming Smoke Spoon Square Splash Spring 

Quiz Plate Fly Prince Friends Sweep Small Spill Squid Split Sprite 

Twins Blue Slide Brush Throw  Snake Stars   Straw 

Twig Block Slow Bread Three  Snow Stove   Stream 

 Clown  Drum Shred   Sky   Scream 

 Clouds  Driving Shrimp   School   Screw 

 Glasses  Tree        

 Glue  Tray        

   Green        

   Grade        

   Crying        

   Crack        
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3.4 Data analysis 

The children were divided into two subgroups (Pre-K and Kindergarten vs. 

School-age) based on their age. The following analyses were made by comparing these 

two groups.   

1. Standard scores from GFTA-2 were compared in order 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 are calculated by the total number of correct segments divided by the 

total number of segments for overall singleton consonant or consonant 

clusters.  

3. Production accuracy of each consonant cluster was qualitatively compared 

with an existing database (Smit, 1993) in order to identify patterns, 

similarities, and differences in consonant cluster productions in children with 

hearing loss as compared to normally developing children. 

4. Frequency of each error pattern was analyzed by adopting Lowe’s (2002) 

definitions and compared between the two groups. Correct production is 

defined as the correct representation of all parts of the target cluster. Total 

cluster deletion (TCD) is the deletion of all consonantal segments of the 

cluster. There were no instances of this process. Partial cluster deletion (PCD) 

is the deletion of one consonant in #CC clusters and one or two consonants in 

#CCC. Cluster substitution (CS) is the replacement of one segment of a 

cluster with a different consonant. Coalescence is the collapse of two 
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segments to produce one different consonant that has features of both original 

consonants. These errors were also considered PCD in this study. Epenthesis 

and addition are combined in the results and defined as the incorrect insertion 

of a consonant or vowel. 

5. PCD was further analyzed in terms of obstruent + consonant (e.g., stop + /w/, 

stop + /l/, stop + /r/, fricative + /l/, and fricative + /r/), /s/ + sonorant (e.g., /sl/, 

/sw/, and /s/ + nasal), and /s/ + stop (e.g., /sp/, /st/, /sk/).  

6. Production accuracy of consonant clusters with respect to SSP-violating or 

SSP-following was compared between the two groups; Then, production 

accuracy of consonant clusters that follow the SSP were further categorized 

based on sonority difference. Consonant clusters that follow the SSP include 

stop + /w/, stop + /l/, fricative + /l/, stop + /r/, fricative + /r/, and /s/ + 

sonorant. These clusters all rise in sonority, meaning the first segment of the 

cluster is the least sonorant and the second segment is more sonorant. SSP-

violating clusters include /sp/, /st/, /sk/. All three element consonant clusters 

targeted for this study also violate the SSP due to the initial /s/ followed by a 

stop; however, these were not included in the analysis. These clusters violate 

the SSP because the first element is more sonorant than the second or third 

which does not allow the cluster to maximally rise in sonority to the vowel 

(Chin & Finnegan, 2002).  Sonority differences were calculated for each 

group of target clusters using Selkirk (1984)’s sonority index. Following the 

Selkirk (1984) sonority index, stop + /w/ clusters were assigned a sonority 

index score of 4; stop + /l/, stop + /r/, and /sw/ cluster received a sonority 
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index score of 3; fricative + /l/, fricative + /r/, and /sl/ clusters were assigned a 

sonority index score of 2; and /s/ + nasal clusters received a score of one. 

Following the index scores and the SSP, stop + /w/ clusters should rank 

highest, while /s/ + nasal clusters should rank lowest in ease of production. 

7. Production accuracy with respect to #sC or non #sC between the two groups 

was evaluated. #sC clusters are the /s/+consonant clusters and non #sC 

clusters refer to all other categories of probed clusters that do not include /s/. 

Some classify all word initial /s/ clusters as adjunct clusters, and assume these 

clusters follow different developmental and production rules (Geirut, 1999).  

8. Production accuracy with respect to #sC [+continuant} vs. #sC[-continuant] 

was examined.  The #sC [+continuant] clusters include /sw/ and /sl/ and the 

#sC [-continuant] clusters include /s/ + stops and /s/ + nasals.  

3.5 Statistical analysis 

 Frequency of occurrence or production accuracy was a dependent variable. Age 

(two levels: preschool and kindergarten vs. school-age) was the between-subject variable, 

and analysis category (non #sC-cluster vs. #sC-cluster, SSP-violating clusters vs. SSP-

following clusters, and #sC [+continuant] vs. #sC [+continuant]) were within-subject 

variables.   

 MANOVA, mixed ANOVA, Pearson correlation coefficient, and Friedman Test 

were adopted. A MANOVA (Multivariate analysis of variance) was conducted to 

compare frequency of five phonological processes between preschool-kindergarten and 

the school-age children. Mixed ANOVAs (Analysis of Variance) were conducted for (1) 

PCC and PCCC; (2) production accuracy of SSP-violating vs. SSP-following clusters 
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between preschool-kindergarten and school- age children; (3) production accuracy of non 

#s-clusters vs. #s-clusters between preschool-kindergarten and school-age children; (4) 

production accuracy of continuant vs. non-continuant clusters. A Friedman Test was used 

to analyze differences between mean production ranks of SSP production accuracy. 

Finally, Pearson coefficient correlation was used to determine correlation between PCC 

and PCCC. 
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Chapter IV 

Results 

4.1 Overall characteristics of consonant production  

Mean and standard deviations of standard scores of the GFTA are shown in 

Figure 1 and Table 2. The mean standard scores of the preschool-kindergarten group is 

over two standard deviations below the mean whereas those of the school-age group is 

over 1.5 standard deviations below the mean. 

Figure 1 Mean and standard deviation of GFTA-2 

 

 

 

 

  

 

 

Table 2 Mean and standard deviation of GFTA-2 

 

  

 

Figure 2 and Table 3 show the means and standard deviations of PCC and PCCC 

between the two groups.  The older group produced consonants and consonant clusters 

 Mean Standard Deviation 

Preschool-Kinder 65.89 21.65 

School-Age 73.56 21.05 
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with a higher accuracy than the younger group. Both groups had less variability in PCC 

than in PCCC, and the standard deviations for the younger group were slightly higher 

than the older group across both measures.  

Figure 2 Mean and standard deviation of PCC and PCCC 

 

Table 3 Mean and standard deviation of PCC and PCCC 

 

 

 The ANOVA confirmed that there was no significant interactive effect between 

group and types of analysis (consonant vs. consonant clusters) (F (1, 16) = 2.973, p = 

.104).  However, there was a significant main effect of group (F (1, 16) = 16.172, p = 

.001) indicating that age influences production accuracy. A significant main effect was 

also found on type (PCC vs. PCCC) (F(1, 16) = 53.515, p < .000) indicating singleton 

 Mean PCC Standard Deviation PCC 

Preschool-Kinder 63.94 13.73 

School-Age 87.99 10.17 

 Mean PCCC Standard Deviation PCCC 

Preschool-Kinder 24.23 25.16 

School-Age 63.43 23.13 
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consonants are produced with greater accuracy than consonant clusters in both groups of 

children with hearing loss. 

 A Pearson correlation coefficient further indicated a significant positive relation 

between PCC and PCCC (r (18) = .815, p < .001), suggesting that the higher PCC, the 

higher PCCC in children with hearing loss. 

4.2 Comparisons of error patterns between the two groups  

Figure 3 and Table 4 show the mean and standard deviation for each error pattern 

for children with hearing loss. None of the children showed total cluster deletion. The 

school-age children produced consonant clusters with a higher accuracy than the 

preschool-kindergarten group. Partial cluster deletion (PCD) and cluster substitution (CS) 

were produced more frequently in younger children than in the older group, but 

variability was similar between the two groups. Coalescence and epenthesis were 

produced very few times, and coalescence was produced the least in both groups. 

Table 4 Mean and standard deviation of error patterns 

 

 

 

  

  

 

 

 

PreK-Kinder Mean Standard Deviation 

Correct Production 13.56 14.1 

PCD 24.89 12.68 

CS 27.78 10.01 

Coalescence  2.33 2.12 

Epenthesis 4.56 2.79 

School-Age Mean Standard Deviation 

Correct Production 35.33 14.1 

PCD 6.89 12.68 

CS 13.44 10.01 

Coalescence  1.22 2.12 

Epenthesis 2.44 2.79 
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Figure 3 Mean and standard deviation of error patterns 

 

 

 

 

 

 

 

 

 

 Multivariate Analyses of Variance (MANOVA) was conducted in order to 

identify whether the difference in each error pattern was statistically significant between 

the two groups. MANOVA confirmed a significant difference in the overall error patterns 

between the two age groups (ʌ= .375, F(5, 12) = 4.00, p = 0.003). The children in the 

older group produced significantly more correct consonant clusters than those in younger 

group (F(1, 16) = 11.79, p= 0.003). On the other hand, the children in the younger group 

produced significantly more partial cluster deletion (F(1, 16) = 14.174, p = .002), and 

consonant substitution (F(1, 16) = 9.863, p= .006) than those in older group. However, no 

significant differences were found for coalescence (F(1, 16) = 1.090, p = .312) or 

epenthesis (F(1,16) = 3.471, p =.081). 

Table 5 shows consonant cluster reduction observed by cluster category in order 
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to identify reduction patterns as they relate to the SSP. Reductions for this analysis were 

chosen based on the retention of one correct element from the cluster (e.g., /st/�/t/) or a 

reduction to a similar element from the cluster (e.g., /sn/�/m/). In order to be described 

as SSP-following, the retained element must be the least sonorant of the cluster in order 

to create maximum rise to the vowel. The SSP-violating cluster reductions retained the 

most sonorant consonant of the cluster.  

Table 5 Consonant cluster reduction and SSP 

  

 The first group considered, obstruent + consonant clusters, included stop + /w/, 

stop + /l/, fricative + /l/, fricative + /r/, and stop + /r/. In order to be included, the cluster 

that was reduced to one original element (e.g. /br/�/b/), or reduced to one similar 

element (e.g. /pr/�/b/, /kw/�/t/). In all clusters, the stop or fricative should be retained 

according to the SSP. Thirteen out of 18 participants’ reductions were considered. The 

five participants’ production were not included due to many reasons, including correct 

production, no evidence of cluster reduction, or reduction patterns that did not follow 

identified criteria. Fifty-four reductions were considered in this analysis. Of the 54, 46 

consonant clusters, or 85.19%, followed the SSP, meaning the least sonorant element or a 

similar element was retained.  

 Participa

nts 

Occurren

ces 

Followin

g 

Violating Percent 

followin

g 

Percent 

violating 

Obstruent + 

cons 

 

13 54 46 8 85.19% 14.81% 

/s/ + sonorant 

 

9 34 2 32 5.88% 94.12% 

/s/ + stop 11 43 41 2 95.35% 4.65% 
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The next group of consonant clusters was /s/ + sonorants: /sw/, /sl/, and /s/ + 

nasal. According to the SSP, these clusters should reduce to the fricative /s/ to create a 

maximal rise in sonority to the vowel. The /s/ + nasal reductions were included if the 

cluster was reduced to a different nasal (e.g., /sm/�/n/, /sn/�/m/). The /sw/ clusters were 

included if the cluster was reduced to a different fricative (e.g., /sw/�/f/). Nine 

participants’ reductions qualified for this analysis. Correct production, no cluster 

reduction errors, and different patterns of reduction were reasons 9 of the participants 

were not included. There were 34 reductions to one element in this group, and only two 

or 5.88% followed the SSP and 32 opportunities violated the SSP. The two reductions 

that followed the SSP were produced when /sw/ was reduced. The /sl/ and /s/ + nasal 

clusters reduced to the more sonorant element in all opportunities.  

The final group of consonant clusters was /s/+stop (e.g., /sp, st, sk/). The SSP 

assumes these clusters should reduce to the stop element. To be included in this analysis, 

the clusters were reduced to one element of the cluster or a similar element (e.g., /sp/�/t/, 

/sk/�/d/). Eleven of the 18 participants produced 43 responses to be considered. Once 

again, seven participants’ productions were not included due to their correct production, 

lack of cluster reduction, or different pattern of cluster reduction. Of these responses, 41 

or 95.35% were SSP-following, indicating that a stop was retained in all but two 

opportunities.  

4.3 Consonant cluster production accuracy between children with hearing loss and 

children with normal hearing 

 Table 6 shows mean production accuracy obtained in the current study and in 

Smit (1993) where consonant clusters were produced by normally developing children. 
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Since Smit provided mean production accuracy for broader age ranges (e.g., age ranged 

from 3:6 to 5:6 or from 6:0 to 9:0), age ranges between the two studies were not identical. 

Overall, production accuracy of all consonant clusters in children with hearing loss was 

lower than in children with normal hearing in similar or younger ages. Children with 

hearing loss showed great variability in production accuracy. 

Children with normal hearing produced /tw/ and /kw/ clusters with the highest 

accuracies (88% for younger group, 95% for older group) among the consonant clusters. 

Similarly, children with hearing loss produced them with the highest accuracy; however, 

their accuracy was lower than children with normal hearing. The consonant + /l/ clusters 

were produced with 68% and 92% except for a few clusters in children with normal 

hearing. Stop +/l/ clusters were produced with higher accuracy than fricatives + /l/. 

Children with hearing loss produced these consonant clusters with a lower accuracy than 

children with normal hearing. One exception was the /sl/ cluster. School-age children 

with hearing loss produced /sl/ cluster with a better accuracy than children with normal 

hearing in the age range from 5:6 to 7:0. 

Both children with normal hearing and children with hearing loss produced stop 

+/r/ and fricative +/r/ clusters with a lower accuracy than stop + /l/ and fricative + /l/. 

While children with normal hearing produced consonant clusters in this category with the 

same accuracy, a great variability in production accuracy was observed in children with 

hearing loss. Children with hearing loss produced fricative + /r/ clusters with a lower 

accuracy than stop + /r/ clusters. 

Similar patterns were observed in words with the initial /s/ clusters. Children with 

hearing loss produced initial /s/ clusters with a lower accuracy than children with normal 
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hearing. Differences between children with and without hearing loss were greater in the 

younger group as compared to the older group. However, it should be noted that the 

normal hearing school-age children’s age was younger for this comparison at 5;0-6;0, 

while the children with hearing loss had a mean age of 7;8. 

Table 6 Smit (1993) database compared to data from the current study 

 Smit (3;6-5;6) Preschool-K Smit (6;0-9;0) School-Age 

/tw/ 88% 44.44% 95% 77.78% 

/kw/ 88% 38.89% 95% 83.33% 

 

 Smit (3;6-5;0) Preschool-K Smit (5;6-7;0) School-Age 

/pl/ 68% 44.44% 92% 73.68% 

/bl/ 68% 50.00% 92% 83.33% 

/kl/ 68% 44.00% 93% 83.33% 

/gl/ 68% 33.33% 92% 72.22% 

/fl/ 65% 27.78% (4;6-7;0) 80% 66.67% 

/sl/ (3;0-5;0) 51% 29.41% 72% 77.78% 

 

 

 Smit (3;6-4;6) Preschool-K Smit (5;0-6;0) School-Age 

/sw/ (3;6-5;0) 72% 22.22% (5;6-7;0) 77% 55.56% 

/sm/ 66% 22.22% 77% 72.22% 

/sn/ 66% 33.33% 77% 83.33% 

/sp/ (3;6-5;0) 70% 22.22% (5;6-7;0) 77% 55.56% 

/st/ 70% 33.33% 77% 72.22% 

/sk/ (3;6-4;0) 70% 22.22% (4;6-7;0) 77% 64.71% 

 

 

 Smit (3;6-5;6) Preschool-K Smit (6;0-7;0) School-Age 

/pr/ 65% 22.22% 82% 77.78% 

/br/ 65% 27.78% 72% 50.00% 

/tr/ 65% 22.22% 82% 66.67% 

/dr/ 65% 0% 82% 55.56% 

/kr/ 65% 11.11% 82% 77.78% 

/gr/ 65% 27.78% 82% 76.47% 

/fr/  (3;6-5;0) 65% 16.67% (5;6-7;0) 82% 55.56% 

/thr/ (3;6-5;0) 41% 11.11% (5;6-7;0) 69% 44.44% 
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 Smit (3;6-5;6) Preschool-K Smit (6;0-7;0) School-Age 

/skw/ (3;6-4;6) 64% 16.67% (5;0-7;0) 75% 50% 

/spl/ 50% 5.88% (6;0-9;0) 93% 33.33% 

/spr/ 46% 11.11% 67% 50% 

/str/ (3;6-5;0) 46% 0% (5;6-7;0) 67% 33.33% 

/skr/ 46% 5.56% 67% 38.89% 

 

 Three element consonant clusters were not fully acquired in children with normal 

hearing by age seven. School-age children with hearing loss produced /skw/ and /spr/ 

with 50% accuracy, but the other three element consonant clusters were produced with 

less than 40% accuracy.  

4.4 Production accuracy of SSP-following vs. SSP-violating clusters  

 Figure 4 and Table 7 show the mean and standard deviation of production 

accuracy of SSP-following clusters and SSP-violating clusters. The school-age children 

had higher accuracy in both groups. In both groups, production accuracy of the SSP-

following clusters was higher than that of the SSP-violating clusters.  

 Production accuracy between SSP-following clusters and SSP-violating clusters 

was analyzed using a mixed ANOVA. No interaction effects were revealed (F(1, 16) = 

.035, p = .855), and a main cluster type effect was not significant (F (1, 16) = 3.550, p = 

.078) indicating production accuracy of SSP-violating clusters and SSP-following 

clusters is similar in children with hearing loss. However, age group effects were 

statistically significant (F, (1, 16) = 8.571, p = .01) indicating a production accuracy 

difference between the preschool-kindergarten group and the school-age group.  
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Figure 4 Mean and SD of SSP-following and SSP-violating production accuracy 

 

 

 

 

 

 

 

 

Table 7 Mean and SD of SSP-following and SSP-violating production accuracy  

 

 

 

 

 

4.5 Order of production accuracy following SSP 

Figure 5 shows mean rank of each consonant category based on sonority 

difference. Only consonant clusters that followed the SSP were included in this analysis. 

The clusters were grouped based on sonority differences. The SD4 label includes stop + 

/w/ clusters; SD3 includes stop + /l/, stop + /r/, and /sw/; SD2 includes fricative + /l/, 

fricative + /r/, and /sl/; and SD1 includes /s/ + nasal clusters. The Friedman Test results 

SSP-Following Mean Standard Deviation 

Preschool-Kinder 29.46 25.67 

School-Age 68.74 20 

SSP-Violating Mean Standard Deviation 

Preschool-Kinder 21.39 35.75 

School-Age 58.89 34.12 
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were nonsignificant (χ2 = 5.114, dF = 3, p = .164). Though not significant, the mean 

ranking for stop+/w/ (SD4) was the highest, followed by stop + /l/, stop + /r/, and /sw/ 

(SD3). However, /s/ + nasal received a mean rank score of 2.58, ranking it third in ease of 

production. The /s/ + nasal clusters were expected to be ranked fourth due to its smallest 

difference based on sonority.  

Figure 5 Mean rank of production accuracy by sonority difference (SD) 

 

 

 

 

 

 

 

 

 

4.6 Production accuracy of non-#sC Clusters vs. #sC clusters 

Figure 6 and Table 8 show the mean and standard deviation of production 

accuracy of non-#sC clusters and #sC clusters for all the children. The mean production 

indicates minimal differences between production of non-#sC and #sC clusters.  

A mixed ANOVA was conducted to compare production accuracy of non-#sC 

clusters and #sC clusters. No interaction effects were found (F(1, 16) = .025, p = .877). 

Main effect of cluster type was not significant either (F(1, 16) = .000, p = 995) indicating 

production accuracy of #sC clusters and non-#sC clusters was similar in children with 
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hearing loss. However, a group effect of age was found to be significant (F (1, 16) = 

9.983, p=.006).  

Figure 6 Mean and SD of production accuracy for non-#sC and #sC clusters 

 

 

 

 

 

 

 

 

Table 8 Mean and SD of production accuracy for non-#sC and #sC Clusters 

 

 

 

 

 

4.7 Production accuracy of continuants vs. non-continuants 

Figure 7 and Table 9 show the means and standard deviations of production 

accuracy of /s/ + [+continuant] and /s/ + [-continuant] clusters by age group. The younger 

children produced a mean production accuracy much lower than the older children. The 

older children produced both cluster groups with similar accuracies. The younger 

children produced the [+continuant] targets with slightly higher accuracy, while the older 

Non-#sC Mean Standard Deviation 

Preschool-Kinder 27.43 22.79 

School-Age 68.02 21.31 

#sC Mean Standard Deviation 

Preschool-Kinder 26.43 42.1 

School-Age 68.93 32.27 
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children performed slightly better with the  

[-continuant] clusters.  

A mixed ANOVA was conducted to compare production accuracy of /s/ + 

[+continuant] and /s/ + [-continuant] clusters. No interaction effects were found (F(1, 16) 

= 1.569, p = .228). Main effect of cluster type was not significant (F(1, 16) = .192, 

p=.667); however, between-group age effects were found to be significant (F, (1, 16) = 

5.06, p = .039) indicating production accuracy depends on age.  

 Figure 7 Production accuracy of /s/ + [+continuant] and /s/ + [-continuant] clusters 

 

 

 

 

 

 

 

 

 

  Table 9 Production accuracy of /s/ + [+continuant] and /s/ + [-continuant] clusters 

 

 /s/ + [+cont] Mean Standard Deviation 

Preschool-Kinder 33.33 41.46 

School-Age 66.67 27.95 

/s/ + [-cont] Mean Standard Deviation 

Preschool-Kinder 26.67 42.13 

School-Age 69.88 34.92 
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Chapter V 

Discussion 

The primary focus of this study was to examine consonant cluster production in 

children with hearing loss. Though it substantially influences speech intelligibility, 

consonant cluster acquisition and error patterns for this population has received little 

attention (Fulcher et al., 2014). The current study had three goals: (1) to examine 

developmental patterns of consonant cluster production in children with hearing loss; (2) 

to examine consonant cluster production as compared to normally developing children in 

an existing database; and (3) to examine the applicability of Sonority Sequencing 

Principle (SSP) to consonant cluster production in children with hearing loss. In this 

chapter, these three goals will be discussed. For the purpose of this discussion, goals one 

and two will be discussed together.   

5.1 Consonant Cluster Production Comparisons between Children with and Without 

Hearing Loss 

  Data from the current study were compared with a database of normal hearing 

children from a previous study (Smit, 1993). It should be noted that the age group of the 

current study was not identical to the age groups in Smit’s study. In most cases, the 

normal hearing group was slightly younger than the groups with hearing loss. The 

existing database also had varied age ranges throughout the different target clusters, 

making it more difficult to compare.  

Overall, both groups of children with hearing loss produced consonant clusters 

with lower accuracy when compared to the hearing children. This is consistent with 

Blamey et al. (2001), which described production in children with hearing loss as delayed 
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compared to hearing peers. Both children with and without hearing loss demonstrated an 

increase in production accuracy from the younger children to the older; however, the 

children with hearing loss produced consonant clusters with a greater improvement from 

the younger children to the older children. This finding was due to the fact that 

production accuracy of consonant clusters in younger children with hearing loss was 

extremely low compared to young children with normal hearing.   

The children with hearing loss were more variable in production accuracy. In both 

groups of children with hearing loss, /gl/ was produced with the lowest accuracy, which 

is consistent with the velar production difficulty in children with hearing loss. The /bl/ 

cluster was produced with the highest accuracy in both groups, perhaps because of more 

salient visual cues. On the other hand, the older and younger children with normal 

hearing in the Smit (1993) database produced stop + /l/ clusters (/pl, bl, kl, gl) with the 

same accuracy within each age group. Regarding fricative + /l/ clusters (/fl, sl/), the 

younger groups presented the greatest difference in production accuracy between normal 

hearing children and the children with hearing loss. In both age groups, the children with 

hearing loss produced /sl/ with a higher accuracy, while the normal hearing children 

produced /fl/ with higher accuracy. Surprisingly, the older children with hearing loss 

produced /sl/ with greater accuracy than the normal hearing children. This finding could 

be due to the fact that age comparison group of normal hearing children for /sl/ consonant 

cluster was younger than those producing other consonant clusters in the pre-existing 

database.  

A few similar patterns emerged when comparing the data gathered in this study to 

the existing database for normal hearing children from Smit (1993). Overall, the normal 
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hearing children and children with hearing loss performed better on /tw/, /kw/, and stop + 

/l/ clusters. Templin (1957) reported that stop + /w/ clusters were first to develop, 

followed by /l/ clusters. According to Shriberg (1993), stop obstruents and approximate 

consonants except for /r/ were acquired earlier than other obstruents and /r/. Thus, 

consonant clusters with early developing sounds may be developed earlier than the other 

clusters with late developing sounds.  

 Smit’s database (1993) also reveals three element clusters produced with the 

lowers accuracy rates across all four groups. The current study found the same pattern in 

that three element clusters were produced with the lowest accuracy by children with 

hearing loss. Templin (1957) stated that /skw/ was the first three element cluster to 

develop. In this comparison, /skw/ produced the highest accuracy in both groups of 

younger children, but produced the second highest accuracy in the normal hearing older 

children and tied for best accuracy in the older children with hearing loss. The /str/ cluster 

proved to be a difficult cluster and the younger children with hearing loss did not 

correctly produce this cluster. Once again, this could be due to the later development of 

/r/.  

Although the current study did not examine developmental sequences, it can be 

inferred that the clusters with the higher accuracy followed the expected development and 

achieved a higher accuracy through the extended time of production. These findings can 

influence future therapy targets. If a hearing child or child with hearing loss is not 

producing clusters, it would be developmentally appropriate to introduce stop + /w/ 

clusters, followed by /l/ clusters. When targeting three element consonant clusters, /skw/ 

would be the most appropriate starting cluster in terms of development.  
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Previous literature examined error patterns of consonant clusters in children (e.g., 

Templin, 1957; Greenlee, 1974; Smit, 1991; Kirk, 2008).  Error patterns statistically 

analyzed in this study were partial cluster deletion (PCD), cluster substitution (CS), 

coalescence, and epenthesis. Initially, the current study considered the inclusion of total 

cluster deletion; however, it was not included because there were no instances of total 

cluster deletion from any participant. Kirk (2008), Smit (1993), Chin and Finnegan 

(2002), Fulcher et al. (2014), and Adi-Bensaid and Ben-David (2010) all reported limited 

instances of total consonant deletion and considered it a rare error patter. Although 

findings are slightly different in the current study, they are still considered consistent. 

The difference in findings could be accounted for by the differences in age and 

developmental stages between previous studies’ samples and the current study’s sample. 

The previous studies differed in inclusion criteria, but most participants were 

chronologically younger and had a lower hearing age, or decreased time since 

amplification onset, when compared to the participants in the current study. The 

participants in the current study could have developed beyond the total cluster deletion 

stage and the cluster reduction stage.  

Both partial cluster deletion (PCD) and cluster substitution (CS) were produced at 

least once by every participant in the current study. Epenthesis and coalescence yielded 

different results. Epenthesis did not appear often. It was produced at least once by all nine 

of the younger children, but only seven of the older children. This is consistent with Adi-

Bensaid and Ben-David (2010) which found that epenthesis was rare in children with 

cochlear implants who were learning Israeli-Hebrew, as well as Chin and Finnegan 

(2002) which also stated rarity of epenthesis in the children with hearing loss who 



Texas Tech University Health Sciences Center, Madelaine O’Neil, May 2017 

 42

communicated through Total Communication and oral communication. Adi-Bensaid and 

Ben-David also reported that coalescence was an uncommon process. This is consistent 

with the findings from the current study. Coalescence made up a small percentage of 

production, and while seven of the younger children produced coalescence, only three of 

the older children demonstrated this process. Due to the decrease of coalescence and 

epenthesis production in the younger and older groups, it could be inferred that the 

processes disappear with age and are developmental.  

5.2 Applicability of SSP to Consonant Cluster Production and Cluster Reduction in 

Children with Hearing Loss 

 The SSP is a theoretical framework frequently used to describe patterns of 

consonant cluster production in children (Clements, 1990). It posits that certain 

consonant sequences are preferred over others due to the sonority of the individual 

consonants in relation to the most sonorant element of the syllable, the vowel. The most 

preferred word onset sequence is one that maximally rises in sonority to the vowel. In 

order to rank sonority of consonants, Selkirk’s hierarchy (1984) was adopted. Selkirk 

ordered vowels – glides – liquids – nasals – fricatives – stops from most sonorant to least 

sonorant.  

Based on SSP, Broselow and Finer (1991) proposed the hypothesis that the 

greater the numerical sonority difference between the two sounds, the easier the cluster is 

considered. To test this hypothesis, the current study conducted a Friedman rank analysis 

which yielded nonsignificant results. There were variables that could have negatively 

influenced these results, including inconsistent number of targets for each category. The 

SD4 and SD1 categories included only two clusters with four targets. The SD3 category 
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included 11 clusters with 22 targets, and the SD2 category included three clusters with 10 

targets. Due to this, the data was qualitatively examined. The consonant clusters with the 

greater sonority difference were produced with the highest production accuracy and 

production accuracy decreased as sonority difference reduced. Thus, sorority difference 

may play a slight role in production accuracy.  However, the current study found that /s/ 

+ nasal clusters, which have the least sonority difference, were produced with higher 

accuracy than fricative + /r/, fricative + /l/, stop + /r/, and /sl/ clusters. A possible 

explanation for this finding may be rooted in early development of the /n/ consonant. 

Although /s/ is a later developing sound, the /sn/ cluster is often chosen as a target in 

therapy instead of other consonant clusters with larger sonority difference. Thus, the 

findings of the current study provide speech pathology practitioners with helpful 

information regarding selection of target consonant clusters.   

Another hypothesis the current study tested was related to cluster reduction, or 

partial cluster deletion, patterns. According to Ohala (1999), the least sonorous member 

of the clusters tends to be produced, resulting in the greatest rise in sonority. The current 

study found that the least sonorous member of obstruent + consonant clusters and /s/ + 

stop consonant clusters was retained in the majority of cluster reductions. However, /s/ + 

sonorant clusters (e.g., /s/ + nasals, /sw/, /sl) retained the most sonorant member of the 

cluster in the majority of reductions. These findings were consistent with most of 

previous studies examining cluster reduction patterns (Smit, 1993; Wyllie-Smith et al., 

2004; Yavas, 2008). Smit found that in typically developing children, #sC clusters were 

reduced to the stop or nasal. Smit (1993) also found that in obstruent + consonant 

clusters, the least sonorous element was overwhelmingly retained, which is consistent 
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with the current study that found in these clusters, the reductions retained the least 

sonorous element in 85.19% of reductions. The current study was also consistent with 

results related to children with speech sound disorders from Wyllie-Smith et al. (2004). 

The study found that the majority of reductions produced by children with speech sound 

disorders in obstruent + consonant clusters and /s/ + stop clusters followed the SSP. 

However, /s/ + nasal clusters produced by children with speech sound disorders violated 

the SSP by retaining the nasal element. The typically developing children followed the 

SSP in the majority of reductions in all categories. When compared to the current study 

and typically developing children, children with hearing loss produce reductions similar 

to children with speech sound disorders. The current study is also consistent with Yavas 

et al. (2008). Out of the examined #sC clusters, /s/ + nasal is the only cluster that violated 

SSP in a majority of reductions in both studies. In the current study, /s/ + nasal /sw/, and 

/sl/ reductions violated the SSP in all opportunities, and /s/ + stop reductions followed the 

SSP in 95.35% of opportunities.  

However, the current study found slightly different results when compared to 

Ohala (1999) which examined cluster reduction in typically developing children. In the 

first experiment of the study, results indicated that /s/ + nasal clusters were reduced to the 

/s/ in 25/44 opportunities. In experiment two, an unfamiliar fricative + nasal cluster (/fn/) 

was included in the targets. This cluster was reduced to the nasal in 39/58 opportunities. 

The difference findings of Ohala’s study from the other studies may be attributed to the 

methodology. The other studies collected children’s speech in a natural setting whereas 

Ohala collected data in an experimental study. However, Ohala’s study results were not 

statistically significant. Thus, it is not certain whether Ohala’s findings were different 
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from the others.  

There are possibilities that could describe the violation of /s/ + nasal reductions 

reported consistently throughout the literature. First, the children with and without 

hearing loss may retain /w/, /l/ or nasal consonants in /s/ + sonorant clusters because of 

early development of these consonants. It is well known that sonorant consonants such as 

/w, l, m, n/ are developed earlier than fricative /s/ consonant. Thus, children with and 

without hearing loss may tend to retain the early developing sound component in /s/+ 

sonorant clusters. Another explanation could be the perceptual salience of sonorant 

consonants. When children retain a sonorant consonant, they may receive more salient 

acoustic feedback because sonorant consonants such as /w, l, m, n/ are acoustically 

similar to vowels, which contained more acoustic energy in the signal. When the children 

produce the sonorant consonants instead of the /s/, more feedback is provided with 

production.  

Finally, the current study examined additional aspects related to SSP. This study 

identified clusters following the SSP and violating the SSP. SSP-following clusters 

included stop + /w/, stop + /l/, fricative + /l/, stop + /r/, fricative + /r/, /sw/, and /s/ + 

nasal. The SSP-violating clusters included /s/ + stops (/sp, st, sk/). Higher accuracy for 

SSP-following clusters was expected because of the rise in sonority in the cluster. 

Although the mean production accuracy in the younger children and the older children 

was higher in the SSP-following clusters, the results were not significant for type of 

cluster. Between-group results were significant for age groups, indicating that age may be 

more influential on production than SSP. This finding was consistent with Yavas et al. 

(2008) where no significance between SSP-following and SSP-violating consonant 
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clusters was found in four languages. 

The current study also investigated #sC clusters vs. non-#sC clusters and found 

that clusters and non-#sC clusters were produced with similar accuracy within each age 

group. This finding was consistent with Yavas et al. (2008) which found that non #sC 

clusters in English were produced with slightly higher accuracy, but there was no 

statistical significance. The current study revealed statistically significant differences in 

production accuracy between the age groups, indicating that production of both 

categories increases with age.   

Finally, extending the investigation of #sC clusters further, #sC clusters were also 

analyzed according to #sC [+continuant] (i.e., /sl, sw/) and #sC [-continuant] (i.e., 

/s/+stop and /s/ + nasal). If the SSP is applied, expected results would state #sC 

[+continuant] clusters are produced with higher accuracy than #sC [-continuant] clusters 

due to the sonority rise and sonority difference in [+continuant] clusters. Results from 

this study yielded no significance between cluster types. This finding is consistent with 

Yavas et al., (2008) which found that although #sC [+continuant] clusters were produced 

with slightly higher accuracy in English, no significant differences between the cluster 

types were found across English, Dutch, or Norwegian.  

5.3 Limitations 

 There are several limitations to the current study. First, the current study included 

a small number of children (i.e., 18) although this number is relatively larger than the 

previous studies examining children with hearing loss. Thus, further studies need to 

include more children with hearing loss to verify the findings of the current study.  

Second, the current study included children with hearing loss with various age of onset of 
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amplification and degree of hearing loss. Third, in regards to targets, there was an 

inconsistent number of probes for each cluster category making it difficult to compare 

between subcategories of consonant clusters. Finally, the current study used an existing 

database (Smit,1993). Age was not identical when comparisons were made between 

children with normal hearing and the children with hearing loss who contributed data to 

this study. Future studies should include more participants, control for individual 

differences, and provide the same number of probes for each target cluster category. 

Future studies should also examine the cluster substitutions in relation to SSP and 

development and three element consonant clusters in more details.   

5.4 Conclusion 

 The current study examined consonant cluster production in children with hearing 

loss in regards to developmental patterns of consonant cluster production, comparison to 

typically developing children, and the sonority sequencing principle. The results from 

this study suggest that the SSP alone cannot explain consonant cluster production in 

children with hearing loss. It is possible that developmental patterns, as well as 

production and perception constraints, are responsible for consonant cluster production, 

as shown by the significant difference in production accuracy between the younger 

children and older children in every statistical analysis. Future studies of consonant 

cluster production in children with hearing loss should further examine the applicability 

of SSP on cluster production, examine cluster substitutions in relation to development 

and SSP, and conduct further analysis of three element consonant clusters.  
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