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Abstract  

 This study examined the relation between articulation, speech perception, and 

phonological awareness skills in children with and without cochlear implants. Elementary age 

children with normal hearing (n= 53) and elementary children with cochlear implants (n=20) 

completed measures of phonological awareness, speech perception, and articulation tasks to 

determine predictors of phonological awareness performance. Children with normal hearing 

performed higher than children with cochlear implants on all three assessments. For the entire 

group of children, age was the most significant predictor of phonological awareness skills. When 

examining children with cochlear implants alone, articulation skills predicted phonological 

awareness performance above age and speech perception skills. A moderate correlation between 

phonological awareness, speech perception, and articulation was found for both groups.  These 

findings underscore the importance of understanding the development of phonological awareness 

in children with cochlear implants and the key risk factors for poor phonological awareness 

performance.  
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Introduction 

Perception, comprehension, and articulation of individual units of sound, or phonemes, 

are skills that are crucial to language development. Professionals who work with children who 

have communication disorders, including speech-language pathologists and audiologists, often 

treat disorders of perception, comprehension, and articulation. For example, some children have 

difficulty perceiving certain phonemes (speech perception), some have trouble recognizing that 

words are comprised of individual sounds (phonological awareness), and some have trouble 

pronouncing those phonemes (articulation). Children with hearing loss often experience 

difficulties in all three areas (Blamey,Sarant, Paatsch, Barry, Bow, Wales, & Tooher,2001). 

Because speech perception, phonological awareness, and articulation all involve phonemes, it 

would be easy to conclude that the skills are related. However, that relation is not yet well 

established in the research literature (Preston, Hull, & Edwards, 2013; Thomas & Senechal, 

2004; Chaney, 1992; Chaney, 1994; Blamey, et.al., 2001). 

 Speech perception is a multimodal skill, meaning that for communication, speech 

perception involves both processing of an auditory signal (i.e., the sounds coming out of 

someone’s mouth) and a visual signal (i.e., the articulatory movements produced by a speaker) 

(Rosenblum, 2008). To engage in speech perception, an individual must perceptually map 

acoustic speech signals to linguistic representations. People with hearing loss, by definition, have 

trouble with speech perception: when one does not have access to the full range of frequencies 

pertinent to spoken language, that individual often misinterprets speech (Allen, Trevino, & Han, 

2012). For example, in a study of speech perception skills in children with cochlear implants 

versus children with hearing aids, the data found performance trends for oral multichannel 

implant users’ scores to be higher on selected tests than children using a single-channel implant 
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or hearing aid (which, provide poorer speech perception for individuals with profound hearing 

loss). Thus, individuals with hearing loss who have more access to a range of sound frequencies 

perform higher on speech perception tasks (Somer, 1991). As might be predicted, individuals 

who demonstrate difficulty perceiving certain phonemes also tend to have difficulty recognizing 

those phonemes as being components of words (e.g., knowing that the /k/ sound begins the word 

“cat”) and to have difficulty producing those phonemes (e.g., Spencer et al.,2009).  

Phonological awareness is a meta-cognitive skill and is the awareness of individual 

sounds within words. For example, someone with high levels of phonological awareness knows 

that the word “box” has four sounds (e.g., Spencer et al., 2009). A child’s ability to manipulate 

speech sounds is linked to his or her academic success in spelling, writing, reading, and even 

lack of reading (Blachman, 1997). In other words, children who tend to be good readers have 

good phonological awareness skills, and children who have poor phonological awareness tend to 

be poor readers (National Institute of Child Health and Human Development, 2000). Again, 

children with hearing loss, who by definition have difficulties with speech perception, tend to 

struggle to develop age-appropriate phonological awareness skills (Easterbrooks et al.,2008). 

Easterbrooks, Lederberg, Miller, Bergeron, and Connor (2008) found children with hearing loss 

who had some speech perception skills showed similarities to their typical hearing peers in 

knowledge of letter names and common written words, but lagged behind in phonological 

awareness skills.  

Articulation, a skill separate from speech perception and phonological awareness, is the 

ability to form clear and distinct sounds in speech. A speech sound disorder is the overarching 

term for individuals with difficulties with perception, motor production, and/or the phonological 

representation of speech sounds and speech segments that impact speech intelligibility (ASHA 
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2018). In other words, people who struggle with articulation are those who have difficulty 

producing sounds such as “r”, “l”, or “s”. For example, an individual might say “wed” but means 

“red.” Articulation development is also traditionally delayed in individuals with hearing loss. 

Fitzpatrick, Crawford, & Durieux- Smith (2011), discovered preschool children with hearing loss 

maintained delayed articulation skills compared to a group of normal hearing peers.  

Extant literature has hypothesized a link between phonological awareness and 

articulation. Children with speech sound disorders who produce distortion errors are thought to 

have weak phonological representations, leading to long-term phonological weakness (Preston, 

Hull, & Edwards, 2013). Thomas and Senechal (2004) argued that the relationship between 

articulation and phonemic sensitivity (i.e., phonological awareness) in normal hearing children 

can only be achieved by testing specific phonemes. Results from this study indicated that 

articulation quality of the phoneme /r/ predicted phoneme sensitivity for the phoneme /r/ at ages 

3-5 years (Thomas & Senechal, 2004).  

 However, not all studies agree that there is a link between articulation and phonological 

awareness. Chaney (1992, 1994) found no link between articulation and phonological awareness 

in 43 normally developing 3 year old children. Similarly, Foy and Man (2001) did not find a link 

between articulation and phonological awareness in 4 to 6 year old children, attributing the cause 

of weak phonological skills to be largely a function of age, letter knowledge, and especially 

vocabulary knowledge.  

It is important to establish a link between these phoneme-level skills for a variety of 

reasons in populations at risk for delays. First, it is possible that there is a causative pathway 

linking one skill to the next: for example, speech perception may be the cause of impairment in 

articulation and phonological awareness. Second, it is also possible that, even if an impairment in 
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one skill does not cause an impairment in another skill, the impairments may be correlated. 

Articulation and speech perception deficits can be detected relatively early in a child’s 

development (by age three) whereas phonological awareness deficits are not obvious until age 

six years (Schuele & Boudreau 2008). Thus, clinicians could identify those children who 

particularly struggle with one skill (e.g., articulation) to predict who will struggle with a later-

developing skill (phonological awareness). To date, however, all three skills have only been 

compared globally (e.g., overall) rather than at the phoneme-level. That is, many studies measure 

articulation, phonological awareness, and speech perception in children with cochlear implants, 

but research does not yet tell us if the same individual phonemes are affected in all three 

domains.   

Children with cochlear implants provide a particularly interesting population in which to 

study the relation between phoneme-level skills of perception, production, and meta-cognitive 

recognition. Cochlear implants are electronic devices that provide direct stimulation to the 

auditory nerve in the inner ear (ASHA 2018). Children who wear cochlear implants often 

experience improved, but not perfect, speech perception skills. Children with cochlear implants 

also tend to experience difficulties with articulation and with phonological awareness. If there is 

a relation between speech perception, articulation, and phonological awareness, then the patterns 

of error experienced by children with cochlear implants should be predictable. For example, if a 

deficit in speech perception causes deficits in articulation and phonological awareness, speech 

perception should strongly predict articulation and/or phonological awareness performance in 

both children with and without cochlear implants. At the individual phoneme level, errors in one 

phoneme on an articulation task, for example, a child who distorts the sound /b/ should also 

translate to errors on phonological awareness tasks for words with the same phoneme. If these 
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skills are not causally linked, but predict the development of each other, those patterns should 

also be discernable.  

 The role articulation plays in regard to phonological awareness is children with cochlear 

implants is unknown. Researchers know that children with cochlear implants still tend to lag 

behind their typical hearing peers in both quality and quantity of language knowledge (Lund, 

2015). Therefore, it is important that research begins to define the relation between phoneme-

level skills in children with cochlear implants to inform practice.   

Methods 

Participants 

This study included 53 children with normal hearing and 20 children with cochlear implants with 

both male and female ranging from 4 to 7 years old. Children with and without hearing loss were 

recruited from metropolitan areas in the southern United States as part of a larger study.  

The children in the cochlear implant group had a mean age of 72.56 months (SD= 10.11). For the 

larger study, children in the normal hearing group were recruited and divided into an age-match group, 

with a mean of 71.88 (SD= 9.43) and a vocabulary-matched group, with a mean age of 59.12 months 

(SD= 8.48). Children were matched for vocabulary size based on raw score on the Expressive One Word 

Picture Vocabulary Test (EOWPVT; Brownell, 2011). However, for the purposes of this study, all 

children in the group with normal hearing were treated as a single group to capture variability in normal 

development. For this study, children in the cochlear implant group had a mean EOWPVT score of 94.90 

and ranged from 70 to 115. Children in the normal hearing group had a mean EOWPVT score of 116.13 

and ranged from 91 to 134. Years of maternal education ranged from 12 to 18, and the sample was 78% 

White, 14% Black, and 8% of other races. Of all participants the sample, 40% identified as Hispanic, 

consistent with the demographics for the area in which recruitment occurred.  
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For the cochlear implant group, children had an average age at implantation of 23.24 months, and 

approximately 80% are bilateral cochlear implant users. Children wore cochlear implants and/or hearing 

aids to give them access to speech frequencies across the range of speech sounds (500-8,000 kHz), as 

confirmed by the most recent aided testing from an audiology. Within this group, children had been using 

a cochlear implant for 48.70 months (SD = 13.73 months) and had been identified as having a hearing 

loss at a mean age of 6.77 months (SD  = 9.32). Participants were not diagnosed with additional 

conditions know to affect language or cognition. The families used spoken language as the primary mode 

of communication, therefore, no children in this study were primarily users of sign language. Participants 

varied in brand of cochlear implants. 

Procedure 

The participants in this study were involved in a larger study investigating lexical knowledge and 

phonological awareness skills in children with cochlear implants. This larger study included three 

assessments of the constructs of articulation, speech perception, and phonological awareness. Articulation 

was assessed via the Arizona Articulation Proficiency Scale, Third Edition (AAPS-3; Fudala, 2000), 

speech perception was assessed via the Early Speech Perception Test (ESP; 2012); and phonological 

awareness was measured via an experimenter-created phonological awareness task (Lund, 2017). 

The AAPS-3 is a standardized articulation proficiency measure for children. During 

administration, a researcher prompted the participant to label simple picture cards. For example, the 

picture could be a bathtub. The researcher was looking to see if the child could produce the target sound 

“th”. The dependent variable derived from the AAPS-3 was a standard score, where performance between 

85 and 115 was considered within the range of normal based on the number and types of errors a child 

makes. Within the AAPS-3, the child does not lose points for improper labeling of the card, but instead 

for inaccurate production of the target sound. The dependent variables for this study included the standard 

score, but also number of total errors and types of errors.  
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The ESP is a standardized test of speech perception for children who are deaf or hard of hearing. 

This assessment is typically used by audiologist to measure the effects of a hearing aid or cochlear 

implant as a proxy for speech perception abilities. In our study, the ESP examined speech perception 

abilities in both children with cochlear implants and children with normal hearing. When administering 

this test, a child is asked to label each monosyllabic word on a picture card. Once the child demonstrates 

knowledge of each of the pictures on the card, the researcher presented each word and asked the child to 

point to the representative picture (thus confirming receptive knowledge and familiarizing the child with 

the location of the picture on the card). Next, a computer program prompted the child to identify the 

correct picture on the card, or in other words, a CVC word was produced without audiovisual cues at a 

controlled loudness level, and children were asked to identify the picture representing the word. In 

traditional scoring, a child must be able to correctly identify 12 out of 36 words to reach the speech 

perception level rated as “Level 4- consistent word identification,” which is the highest level of speech 

perception. Each participant in this project scored a 4, although participants varied in actual number of 

errors. Therefore, for this project, our dependent variable was the number of errors each participant made 

in this task to observe the participants speech perception abilities.  

The experimenter-created, sound identification, phonological awareness task was based on forty 

words that the examiner confirmed were expressively known by the participant.  Each word had an age of 

acquisition of less than six years old (Kuperman, Stadthagen-Gonzalez, & Brysbaert, 2012). The forty 

words were separated into two different lists, list A and list B. List A used words with neighborhood 

density in the lowest quartile of the Storkel and Hoover (2010) database and List B used 20 words with 

neighborhood density in the highest quartile. Thus, there was one list that was high density and one that 

was low density. Lists were balanced for phonotactic probability. For the purposes of this secondary 

analysis, all words were combined and treated as a single list. During the task, the participant was asked, 

“What is the first sound you hear in this word________?” The researcher then phonetically transcribed 

the child’s answer and determined whether the participant’s answer was correct or incorrect.   In this 
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assessment, we calculated whether there was a phoneme error and the number of errors made by each 

participant. These results were cross-checked with the articulation measure: a child who routinely mis-

pronounced a sound was not scored as incorrect on this task if he or she made an error consistent with 

articulation patterns. Thus, the dependent variables for this task included: number of errors made in total 

and number of errors made for each possible phoneme (all consonants).  

Data Analysis 

To ensure validity and reliability across all three assessments, three different researcher assistants 

scored each individual task separately. The initial scoring was completed while the participant was 

participating in the experiment. The second research assistant re-scored the assessment by re-watching the 

video footage from the session, and guaranteed no mistakes were made on the initial score sheet. The 

final research assistant went back into the data to code for specific items. Consensus scoring agreement 

was reached across all three scorers.  

To answer the research questions, several analyses were used. First, correlation analyses were 

used to determine whether score on the speech perception measure (ESP) related to score on the 

articulation measure (number of errors) and score on the phonological awareness measure (number of 

errors). Then, regression analyses were conducted to determine whether, for the whole group of children, 

number of articulation errors and number of speech perception errors predicted number of phonological 

awareness errors beyond chronological age in months.  

To consider whether individual phonemes were correlated across measures (e.g., whether missing 

a sound like /b/ on the articulation task made you likely to miss /b/ on phonological awareness task), 

correlations were run for number of errors per phoneme on each of those tasks. Finally, a separate 

regression analysis for children with normal hearing and for children with cochlear implants was run to 

determine how articulation and speech perception predict phonological awareness above and beyond 

speech perception.  
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Results 

Aggregate analyses 

 To ascertain the relation between articulation, speech perception, and phonological awareness, it 

was first necessary to look at the relation between those skills for the entire group of children. Correlation 

analyses (see Table 1 below) yielded the following results: there is a moderate correlation between speech 

perception and articulation, but only a low correlation value between either number of articulation errors 

or number of speech perception errors and number of errors on the phonological awareness measure. 

Table 1. Correlation between phoneme-level constructs for all participants 

 Articulation Phonological Awareness 

Speech Perception .469** .328** 

Articulation  .282* 

Where ** is p < .01 and * p <.05 

Next, we conducted a regression analysis to determine whether articulation errors and speech 

perception errors (in this case, both scored and number correct out of number possible) predict 

phonological awareness errors (number correct out of number possible). When chronological age was 

included in this model (see Table 2), it is the only significant predictor of phonological awareness score 

(although articulation score is approaching significance). 

  

Table 2. Regression analysis predicting phonological awareness task score  

 B Standard Error F Significance 

Constant -47.43 20.08 -2.36 .02 

Age .63 .12 5.2 .00 
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Articulation -1.45 .77 -1.88 .06 

Speech 

Perception 

.82 .54 1.48 .14 

R2= .377  

To truly understand the relation between these phoneme-level skills, however, it may not make 

sense to analyze them in aggregate: theoretically, if speech perception and articulation contribute to 

phonological awareness errors, one should examine patterns of performance by phoneme. Therefore, we 

completed an analysis by item. For each of the 17 consonant phonemes assessed by both the AAPS-3 and 

the phonological awareness task (the ESP did not allow for this level of coding), we conducted a 

correlation analysis. In other words, we assessed whether, across the entire group, number of errors on /b/ 

sounds for the AAPS correlated with number of errors on /b/ sounds in the phonological awareness task. 

Across each of these correlation analyses, no statistically significant results were found (see Appendix).  

In our research, we discovered no correlation between missing an item on phonological awareness and 

missing the same sound on the articulation assessment. For example, missing /b/ on phonological 

awareness did not imply the participant would miss /b/ on articulation.  

Group comparisons 

 To begin considering how the group with cochlear implants may have differed from the group 

with normal hearing, several analyses were run. First, to control for age of participants (for those two 

tasks without standard score data), number of correct speech perception responses on the ESP and number 

of correct responses out of forty for the phonological awareness task were run as dependent variables in 

two one-way analysis of variance calculations with age in months as a covariate. For speech perception, 

children in the normal hearing group performed higher than children in the cochlear implant group (F = 

142.71; p < .001). For phonological awareness, children with cochlear implants also performed lower 

than children with normal hearing (F = 28.03, p < .001).  Standard scores were entered into a t test 

analysis to compare articulation across groups when age is controlled: children with cochlear implants 

performed more poorly than did children with normal hearing (t = 3.49, p = .001).  
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 Post-hoc individual sound error analysis. Rather than running a by-sound analysis by group (as 

was done in the aggregate data set), we created an additional variable of interest: “errored sound 

correspondence” or how many times a participant missed a sound in both the articulation and 

phonological awareness measures. For each time a participant missed a phoneme on both tasks, he or she 

received a point. Then, we compared average number of points across groups with a Mann Whitney U 

test. Nonparametric analysis was used because an initial view of the data indicated that there would be 

floor effects: both groups had several participants with an “errored sound correspondence” score of zero. 

Analysis revealed that children with cochlear implants were more likely to have errored correspondences 

than were children with normal hearing (U = 321.5; p = .006).  

 Finally, to compare predictors of phonological awareness outcomes, we ran a regression analysis 

for each group, with age, articulation raw score and speech perception raw score as possible predictors. 

Table 3 shows the results for children with normal hearing. In children with normal hearing, score on the 

phonological awareness measure was significantly predicted by age, but not by articulation or speech 

perception when age was held constant (although speech perception approached significance as a 

predictor).    

Table 3. Regression analysis predicting phonological awareness for children with normal hearing 

 B Standard Error F Significance 

Constant -93.68 35.56 -2.63 .01 

Age .63 .13 4.53 .00 

Articulation -.53 .89 -.59 .56 

Speech 

Perception 

2.08 1.03 2.02 .06 

R2= .405 
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Table 4 shows the results for children with cochlear implants. For this group, score on the phonological 

awareness measure was significantly predicted by articulation score, above and beyond age or speech 

perception.  

 B Standard Error F Significance 

Constant .04 30.06 .001 .99 

Age .49 .29 1.67 .11 

Articulation 4.19 1.53 2.73 .01 

Speech 

Perception 

.05 .82 .01 .95 

R2= .495 

Discussion 

The purpose of this study was to describe the relation between phoneme-level skills (speech 

perception, phonological awareness, and articulation) in children with cochlear implants versus children 

with normal hearing. Children with cochlear implants demonstrated different patterns of skill prediction 

than children with normal hearing.  

Consistent with prior literature, children with cochlear implants performed lower than children 

with normal hearing on measures of speech perception, phonological awareness, and articulation when 

age was controlled for during analysis (e.g., Sommer, 1991; Easterbrooks et al., 2008; Fitzpatrick et al., 

2011). From a global perspective of these skills, then, it would be easy to conclude that phoneme-level 

skills are linked for children with cochlear implants. However, a more nuanced analysis of the data may 

lead to different conclusions.  

To date, studies of the relation between articulation and phonological awareness in particular 

have relied on omnibus measures of both skills, rather than comparing phoneme-level performances 

across tasks (e.g., Thomas & Senechal, 2004; Foy & Mann, 2001). This may account for mixed findings 

regarding the relation between these variables. Thus, this study considered how phoneme-level skills are 
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related at both the overall and phoneme-specific level. When all children were entered into a single 

analysis (whether or not they had cochlear implants), age in months was the single significant predictor of 

overall phonological awareness performance. When performance was broken down by phoneme to 

determine whether there were correlations between performance on any individual phoneme for the 

articulation and phonological awareness measures, no significant difference was found. This finding 

seems to indicate that, overall, there is not a strong relation between speech perception, phonological 

awareness, and articulation, even at the phoneme level. 

However, in another type of phoneme-level analysis, we evaluated whether more children in the 

cochlear implant group were likely to miss a single phoneme on both the articulation and phonological 

awareness task than were children in the normal hearing group.  Children with cochlear implants were 

more likely to demonstrate these correspondences. This result may indicate that hearing status (cochlear 

implant or normal hearing) and by proxy, speech perception, may mediate a relation between 

phonological awareness and articulation.  

Further analysis considered how overall predictors of phonological awareness differed for 

children with versus without cochlear implants. As in the overall group analysis, for children with normal 

hearing, age was the only significant predictor. However, for children with cochlear implants, articulation 

skill was the only significant predictor of phonological awareness performance. Thus, children with 

cochlear implants who have poor articulation skills were particularly likely to also have poor 

phonological awareness performance.  

Clinically, it would be difficult to draw conclusions from this preliminary study. However, this 

study may provide initial evidence that, for children with cochlear implants, having poor articulation 

skills at age five is a risk factor for also having poor phonological awareness skills. Thus, there may be 

reason to think that clinicians should be aware, when working with this high-risk population, that they 

should test phonological awareness in children with cochlear implants if those children have particularly 

persistent articulation errors. 



Ridings 17 

 

The limitations of this study can lead to future research directions. First, this study was based on a 

secondary analysis: the primary purpose was to collect a different body of data. Future studies may 

consider designing tasks that directly assess all phonemes in all word positions across the three 

constructs: speech perception, phonological awareness, and articulation. Second, this study included 

children with normal hearing who had a broader age range than children with cochlear implants. Third, 

this study only assessed phonological awareness in one context (initial sound identification). Finally, this 

study included only children with high-level speech perception abilities.   
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Appendix 

Table of non-significant correlations by phoneme 

Errored Sound   

/b/ Correlation Coefficient 0.101 

 Significance (2-tailed) 0.398 

 N 72 

/ch/ Correlation Coefficient 0.112 

 Significance (2-tailed) 0.348 

 N 72 

/d/ Correlation Coefficient 0.122 

 Significance (2-tailed) 0.307 

 N 72 

/f/ Correlation Coefficient 0.076 

 Significance (2-tailed) 0.528 

 N 72 

/g/ Correlation Coefficient 0.172 

 Significance (2-tailed) 0.15 

 N 72 

/h/ Correlation Coefficient -0.119 

 Significance (2-tailed) 0.321 

 N 72 

/k/ Correlation Coefficient 0.069 

 Significance (2-tailed) 0.562 

 N 72 
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/l/ Correlation Coefficient 0.099 

 Significance (2-tailed) 0.407 

 N 72 

/m/ Correlation Coefficient 0 

 Significance (2-tailed) 1 

 N 72 

/n/ Correlation Coefficient 0.087 

 Significance (2-tailed) 0.47 

 N 72 

/p/ Correlation Coefficient 0.049 

 Significance (2-tailed) 0.683 

 N 72 

/r/ Correlation Coefficient 0.023 

 Significance (2-tailed) 0.851 

 N 72 

/s/ Correlation Coefficient -0.022 

 Significance (2-tailed) 0.852 

 N 72 

/t/ Correlation Coefficient 0.024 

 Significance (2-tailed) 0.843 

 N 72 

/th/ Correlation Coefficient 0.013 

 Significance (2-tailed) 0.917 

 N 72 

/w/ Correlation Coefficient 0 
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 Significance (2-tailed) 1 

 N 72 

/y/ Correlation Coefficient -0.022 

 Significance (2-tailed) 0.854 

 N 72 
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