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Phonological awareness is a critical component of phonological processing that predicts
children’s literacy outcomes. Phonological awareness skills enable children to think
about the sound structure of words and facilitates decoding and the analysis of words
during spelling. Past research has shown that children’s vocabulary knowledge and
working memory capacity are associated with their phonological awareness skills.
Linguistic characteristics of words, such as phonological neighborhood density and
orthography congruency have also been found to influence children’s performance in
phonological awareness tasks. Literacy is a difficult area for deaf and hard of hearing
children, who have poor phonological awareness skills. Although cochlear implantation
(CI) has been found to improve these children’s speech and language outcomes,
limited research has investigated phonological awareness in children with CI. Rhyme
awareness is the first level of phonological awareness to develop in children with normal
hearing (NH). The current study investigates whether rhyme awareness in children
with NH (n = 15, median age = 5; 5, IQR = 11 ms) and a small group of children
with CI (n = 6, median age = 6; 11.5, IQR = 3.75 ms) is associated with individual
differences in vocabulary and working memory. Using a rhyme oddity task, well-
controlled for perceptual similarity, we also explored whether children’s performance was
associated with linguistic characteristics of the task items (e.g., rhyme neighborhood
density, orthographic congruency). Results indicate that there is an association between
vocabulary and working memory and performance in a rhyme awareness task in NH
children. Only working memory was correlated with rhyme awareness performance
in CI children. Linguistic characteristics of the task items, on the other hand, were
not found to be associated with success. Implications of the results and future
directions are discussed.
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INTRODUCTION

Successful literacy learning is the most important task for
children to achieve in school. Seminal work as Liberman (1973),
Lundberg et al. (1988) has shown that phonological awareness
skills, a critical component of phonological processing, are closely
linked to children’s literacy outcomes. Phonological awareness
enables children to actively analyze and reflect upon the sound
structure of words. It facilitates the sound-to-letter knowledge
required for decoding (i.e., reading) and encoding (i.e., spelling).
To master reading and writing, children need to learn to decode
written words. This decoding ability is highly dependent on
phonological awareness skills, which enable children to break
down speech into smaller phonological units such as words,
syllables, onsets and rimes, and phonemes (see Torgesen et al.,
1994; Adams, 1998).

Different tasks have been used to assess children’s
phonological awareness skills. In segmentation tasks, children
break down a whole word into smaller phonological units by
clapping out the number of syllables or sounds in a word. In
identification tasks, children distinguish specific sounds within
a word (e.g., Is there a/s/in “Mom”?). In manipulation tasks,
children delete or substitute smaller units within a word (e.g.,
What is left if you take/um/away from “umbrella”?). Children are
commonly asked to participate in such listening tasks during their
early school years, and these tasks are included in phonological
awareness tests. Strong performance in these tasks entail both
sharp listening skills, as well as metalinguistic skills (i.e., making
judgments about the linguistic structure of the items).

In this paper, we explore the potential relationship between
different levels of hearing experience, vocabulary skills, and non-
verbal working memory skills on success in a rhyme recognition
task in a group of children, which includes a small group
of children with cochlear implants (CI). All children with CI
were congenitally deaf and implanted before the age of two.
A carefully designed rhyme recognition task with a balanced
rhyme density neighborhood, orthographic congruency, and
the type of phoneme substitutions of the items, as well as a
tight control for the perceptual saliency of phonemes, age of
acquisition, and familiarity of the stimuli words, was used. This
allowed us to explore how linguistic factors might be associated
with accuracy in a task measuring rhyme awareness.

Development of Phonological Awareness
in Children
There is a consensus that the grain size of phonological
representation (i.e., syllable, onset/rime and phoneme) in
typically developing (TD) children develops from larger
to smaller units (Ziegler and Goswami, 2005). Onset-rime
awareness is the first to appear at around age four, as shown
in a seminal study by Bradley and Bryant (1983). Children
were asked to identify the odd word from three to four
single-syllable words with CVC (i.e., consonant – vowel –
consonant) structure. The odd word differs from the rest
by not sharing the same initial (e.g., bus, bun, rug), medial
(e.g., pin, bun, gun) and final (e.g., doll, hop, top) phonemes.

Results showed that the shared consonants in the initial
positions (i.e., onset) as well as the combination of medial
vowels and final consonants (i.e., rime) are the basis for
making correct judgments in the oddity tasks. Four- and
five-year-old children performed above chance level in both
the onset and rime versions of the oddity task, suggesting
proficiency in rhyme awareness (Bradley and Bryant, 1983;
Kirtley et al., 1989). In other studies, children were asked to
identify pairs of rhyming words instead of the odd word or
the non-rhyming word (Carroll and Snowling, 2001). Since
both paradigms assess children’s ability to detect the rhyming
phenomenon, some researchers also refer to this ability as
“rhyme awareness.”

Syllable segmentation skills also appear at around 4 years of
age (Liberman et al., 1974), while phoneme awareness develops
later and partly as a consequence of learning to read and write
(Scarborough et al., 1998; Goswami, 2002). Liberman et al. (1974)
used a tapping task to assess syllable and phoneme segmentation
skills in children and found that 46% of four-year-old children
could segment syllables but none could segment phonemes. In
the study, 90% of six-year-old children were successful with
syllable segmentation and 70% were able to segment phonemes.
Taken together, these results support the notion of a large-to-
small developmental trajectory of phonological awareness (i.e.,
from large units to small units).

As the first acquired phonological awareness skill, rhyme
awareness serves as a stepping stone for the further development
of a more fine-grained awareness of syllables and phonemes
within a word. Extensive empirical evidence from rigorous
longitudinal research has established a causal link between
children’s phonological awareness skills and literacy development
(Stanovich, 1992; Wagner et al., 1997; Adams, 1998; Torgesen
et al., 1999). Rhyme awareness was also found to be directly
applied during reading in English. For example, a child knowing
how to read the word beak finds it easier to read analogous
words such as peak, bean, and leak. Such process is referred to as
“orthographic analogy”, during which children make a prediction
about word pronunciation by using the shared spelling sequence
between words (Goswami, 1998). Moreover, rime analogies (e.g.,
using peak to infer the pronunciation of beak) were found to
be easier than onset analogies (e.g., using beak for bean) when
children try to read unfamiliar words (Goswami, 1986). This
evidence suggests that being able to identify words that rhyme
is helpful to children who are learning to read.

Contributors to Phonological Awareness
Vocabulary knowledge is viewed as a support system for
the development of phonological processing skills in young
children. Phonological processing skills have been found to be
related to vocabulary size (e.g., Edwards et al., 2004; Munson
et al., 2005). Metsala and Walley (1998) have proposed the
Lexical Restructuring Hypothesis, suggesting that the growth
of vocabulary knowledge propels the holistic-to-segmental
reorganization of phonological representation in young children.
Under the pressure of a growing vocabulary, children need
to differentiate between onsets, rimes, syllables, and eventually
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phonemes to make more generalizations about the phonological
structure of their language (Walley, 1993, 2008; Metsala, 1997).

One line of relevant research has focused on how phonological
neighborhood influences children’s phonological awareness
performance. Phonological neighborhood is the total number of
words differing from a target word by the addition, substitution
or deletion of one phoneme in any position (Luce and Pisoni,
1998). For example, the neighbors of rat include brat, rot,
and at. Targets from dense phonological neighborhoods have
more similar words while targets from sparse neighborhoods
have fewer similar words. Studies have arrived at different
conclusions regarding the impact of phonological neighborhood
density on phonological awareness skills. In Metsala (1999),
children aged 3–4 years of age demonstrated better phoneme
blending performance (e.g., select the pictures that match the
word consisting of the sounds/b/. . ./0/. . ./

∫
/) with words from

dense neighborhoods, but this neighborhood density effect was
not found in their onset-rime blending task (e.g., point to the
picture with/d/. . ./I

∫
/in it).

De Cara and Goswami (2003) argued that these inconsistent
findings result from the one-phoneme-different definition of
phonological neighborhood because young children do not have
phoneme-level representations of words before literacy learning.
Young children are more sensitive to the onset-rime level of
phonological representations. The authors proposed that rhyme
neighborhood density, which is the number of words that rhyme
with each other (e.g., rat, cat, hat) would influence young
children’s rhyme awareness performance. They designed a rhyme
oddity task that required children to listen to three words and
verbally repeat the odd (i.e., non-rhyming) word (e.g., Which
word is the odd one from “peak,” “dot,” “not”?). Words were
selected from dense versus sparse rhyme neighborhoods in
balanced numbers. Three types of odd words were created by
altering the following phonemes in the rhyming words within a
trial: a rime change (e.g., sock/rock/win), a vowel change (e.g.,
hat/rat/neat) and a coda change (e.g., feed/need/deal). Children’s
vocabulary sizes were measured by their raw score on the British
Picture Vocabulary Scales. Results showed that four- to five-
year-old children with larger vocabulary sizes were better at
identifying the odd words from dense rhyme neighborhoods
than words from sparse rhyme neighborhoods. This performance
difference between dense versus sparse rhyme neighborhood was
strongest for the coda change trials, followed by the rhyme
change trials but absent for the vowel change trials. Children with
weaker vocabulary skills did not show effects of either rhyme
neighborhood density or its interaction with type of changes.

In a forced choice classification task, Storkel (2002) found
that young children make decisions regarding which CVC
word sounds alike based on the overlap in the rhyme of
the word (dip – sip) for words from dense neighborhoods.
For words from sparse neighborhoods, however, the manner
feature of the final phoneme of the rhyme mattered in
order for children to identify words as sounding alike (tug-
mud). Children’s segmental representation of words from dense
neighborhoods is more fine-grained therefore, because they
are organized by individual phonemes. Representations from
sparse neighborhoods, however, are coarser since children

perceive phonemes belonging to the same manner category as
sounding the same.

Factors Influencing Phonological
Awareness in Deaf and Hard of Hearing
Children, and Those With Cochlear
Implants
For deaf and hard of hearing (DHH) children, literacy is a
difficult area and their average outcomes are below those of
hearing children (Marschark and Spencer, 2010). One possible
explanation for this poor outcome lies in the development of
DHH children’s phonological awareness. According to Locke’s
theory of neurolinguistic development (Locke, 1997), holistic
utterances accrued between the fifth to seventh month of young
children’s lives form a foundation for analytical reconstruction
and the acquisition of phonology, morphology and grammar
from 20 to 37 months. Absent or degraded auditory input in
DHH children compromises this process and may cause these
children to treat the incoming speech signal in larger chucks, such
as syllables rather than in phonemes (Briscoe et al., 2001). Indeed,
DHH children have been found to have poor performance
in tasks assessing rhyme awareness and phoneme awareness
(Hanson and Fowler, 1987; Campbell and Wright, 1988, 1990;
Harris and Beech, 1998; Sterne and Goswami, 2000).

Recent development in cochlear implant (CI) technology has
offered a potential opportunity for profoundly deaf children
to receive early auditory input, and achieve better literacy
outcomes (Geers, 2003; Lyxell et al., 2008). Individual differences
such as age of implantation and working memory have also
been investigated in terms of their influence on CI children’s
literacy and pre-literacy skills. Yet only a limited number of
studies have explored whether CI improve DHH children’s
phonological awareness.

A series of recent studies have been conducted by Nittrouer
et al. (2012) and colleagues focusing on language and literacy
outcomes in children with CI. In the first study, 50 children who
had participated in an earlier study between the ages of 12 to
48 months participated at the end of their kindergarten year. The
group consisted of children with CI, children with hearing loss
wearing hearing aids, and children with normal hearing (NH).
Outcome measure was a comprehensive measure combining
language comprehension, expressive vocabulary, phonological
awareness, literacy skills, narrative skills and speed of processing.
Results showed that language comprehension before the age of
24 months was the best predictor for later success. Other strong
predictors after the age of 36 months, were vocabulary skills and
syntactic complexity (Nittrouer et al., 2012).

In a subsequent study (Nittrouer et al., 2014), the investigators
used language samples collected from kindergarteners to
investigate how children with CI and children with NH differ
in terms of grammatical skills in spontaneous production
during personal narratives. Measures of phonological awareness
and lexical knowledge were also included. Results showed
that children with CI performed at one standard deviation
below the control group on language measures, including
lexical skills, but two standard deviations below on measures
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of phonological awareness. Lexical knowledge accounted for
variance on three measures of language. One measure of
phonological awareness, sensitivity to word-final phonemic
structure, as well as number of bound morphemes accounted
for variance above and beyond lexical knowledge. No factors
related to hearing loss or intervention, except age at first
implant, explained variance on language measures. The authors
concluded by recommending intervention explicitly supporting
grammatical skills for children with CI.

Morphosyntactic and phonological structure appeared to be
mutually independent in second graders with NH, but not in
children with CI according to results from Nittrouer et al.
(2016). The authors found that the development of sensitivity to
early predictors for phonological performance in children with
CI included auditory comprehension and MLU. Predictors for
morphosyntactic skills included MLU and expressive vocabulary.
Children with CI were also followed up in 6th grade in Nittrouer
et al. (2018). Phonological, lexical and morphosyntactic abilities
were measured. It was found that compared to children with
NH, deficits remained fairly consistent since earlier studies.
The main area of concern was phonological skills, followed by
lexical and morphosyntactic skills. Lexical skills and phonological
awareness skills developed from second to sixth grade in both
children with CI and NH. There were, however, no correlations
between phonological awareness and expressive vocabulary at
the later point in time, which can probably be explained by the
fact that there was a strong correlation between word reading
skills and phonological awareness. According to Hogan et al.
(2005) phonological awareness and word reading are so strongly
correlated at 2nd grade and after, that phonological awareness
will not add additional information. It is clear from the studies
cited above, however, that phonological awareness remains an
area of vulnerability in children with CI.

In a longitudinal study, James et al. (2005) found that 5
to 10-year old children with CI initially had better syllable
awareness than rhyme or phoneme awareness and they made
significant improvement in their rhyme awareness over a
period of 12 months. The authors claimed that the use of CI
promotes the advancement of phonological awareness following
the syllable – rhyme – phoneme developmental trajectory in
TD children with NH. Additionally, the initial phonological
awareness of children with CI were compared with a group of
profoundly deaf children and another group of severely deaf
children, both of which were using hearing aids (HAs) instead
of CI. Children with CI were found to have the same level of
syllable awareness as the less impaired group with better levels
of residual hearing and using HA, but the same level of rhyme
awareness skills as the profoundly deaf children using HA. The
latter group had similar levels of residual hearing as the children
with CI before implantation. The author concluded that cochlear
implants benefited DHH children’s syllable awareness, but not
rhyme awareness.

In James et al. (2007), two groups of children with CI
were recruited. The early group included children implanted
between 2 and 3.6 years and the late group children included
implanted between 5 and 7 years. Another group of younger
reading-matched children with NH also participated. Z-scores

were calculated for the performance of children with NH
performance in a number of phonological awareness tasks.
Phonological awareness performance of the early group fell on
the lower end of NH children’s z-score distribution, while late-
implanted children’s scores fell mostly below the distribution.
The early group also achieved greater progress over time than
the late group overall. Notably, some late-implanted children
demonstrated the most improvement. In Johnson and Goswami
(2010), early-implanted children (i.e., before the age of three)
were also found to have equivalent rhyme awareness performance
compared to reading-level matched peers with NH, while late-
implanted children (i.e., later than 43 months) had significantly
lower performance. When they combined children with CI who
performed above chance level from both the early and late
groups, they found that these children’s performances were not
significantly different from that of their reading matched peers.
This suggests that time of implantation is not the only decisive
factor. The fact that age of implantation is not the only factor
that matters for positive outcomes has also been illustrated in a
study by Willstedt-Svensson et al. (2004). These authors found
that the best predictor of lexical and grammatical development
in children with CI was the percentage correctly imitated vowels
in a non-word repetition task, instead of age of implantation.
Other factors that are important for a positive outcome are
length and quality of intervention, as well as interaction style of
parents (Nittrouer, 2010). Overall, these studies suggest that a CI
does offer a better chance for DHH children to acquire typical
phonological awareness skills. Early implantation is generally
more beneficial, but individual outcomes are highly variable.

Another line of research, has investigated the association
between verbal working memory, short-term phonological
memory (STPM), and the development of language skills in
children (Gathercole and Baddeley, 1993). Typically, working
memory (WM) tasks are thought to involve both maintenance
of information and some type of manipulation simultaneously,
which is also the case in phonological awareness tasks. STPM
on the contrary, is considered a subskill of WM and only
involves rote memory span, such as in a forward digit span task
(Kronenberger et al., 2013). It has been shown in a multitude of
studies of children with CI that verbal working memory skills,
typically measured by digit span tests, is an area of vulnerability
(Pisoni and Cleary, 2003; Pisoni et al., 2011; Kronenberger et al.,
2013). AuBuchon et al. (2015) showed that even when digit spans
are presented visually, WM performance in CI users is lower than
that of individuals with typical hearing. The authors suggested
that this population experience WM weaknesses that go beyond
issues related to audibility and speech production. They provided
an explanation that stresses the importance of auditory input
for the development of phonological representations in long-
term memory, which supports reactivation and recovery in a
short-term memory task.

Researchers have used a non-word repetition task and a non-
word discrimination task as an index of STPM in children
with CI. Non-word repetition is traditionally used to assess the
function of the phonological loop in the Baddeley and Gathercole
model of working memory (Baddeley, 1986; Gathercole and
Baddeley, 1990a). There is a large body of research demonstrating
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a link between non-word repetition skills and language abilities in
children (e.g., Gathercole and Baddeley, 1990a,b; Montgomery,
1995; Sahlén et al., 1999a,b). Some researchers have also used
the Competing Language Processing Task (CLPT, Gaulin and
Campbell, 1994) to assess WM skills in a dual-processing task.
Ibertsson et al. (2009) found that children and adolescents
aged 11 to 19, who were CI users, performed poorer on non-
word repetition and non-word discrimination compared to the
results of NH children aged 5, 7, and 10 pulled from other
studies. The CI group’s performance was similar to that of the
14- to 15-year-olds with NH on the WM task, which includes
dual processing. Willstedt-Svensson et al. (2004) used non-word
repetition, non-word discrimination and an adapted version
of the CLPT (Towse et al., 1998) to study STPM, WM, as
well as novel word learning in fifteen children 5 to 11 years
old with CI devices. Children were congenitally deaf and had
received their implants between the age of 2 and 6 years of
age. Findings indicated that age of implantation was linked to
performance in a novel word learning task. There was also a
correlation between performance in the non-word repetition
task and the WM task with novel word learning ability. In a
paper presenting an overview of studies focusing on cognitive
development and communication skills in Swedish-speaking
children with CI. Lyxell et al. (2008) found that in tasks requiring
phonological processing, CI users typically perform at lower
levels than individuals with NH. In other WM tasks, however, the
difference between groups is not as prominent, and sometimes
even absent. CI user performance on non-verbal WM tasks was
investigated by Cleary et al. (2001). These investigators created a
WM task requiring memory for sequences of visual-spatial cues
or the same cues paired with auditory signals. Children with
CI and NH were asked to reproduce each sequence by pressing
buttons on a response box. Results showed that the CI users
obtained shorter spans on both tasks than the NH children. The
children with CI also showed a smaller gain with the addition of
auditory cues compared to the NH group. The authors concluded
that the results indicate atypical WM development regardless of
input modality. This study indicates that auditory deprivation
during the first years of life may affect areas above and beyond
language, such as WM.

Orthographic information is yet another factor influencing
children’s performance in phonological awareness tasks.
“Orthographic congruency” describes whether or not the
phonological information and the orthographic information of
words lead to the same phonological judgment. For example,
Campbell and Wright (1988) compared rhyme awareness in
DHH children and children with NH. Children were shown
pictures of “dog/frog” (i.e., congruent) and “hair/bear” (i.e.,
incongruent). In congruent trials, the rimes of the words were
spelled and pronounced the same while in incongruent trials,
they were spelled differently. Results showed that both children
with NH had higher accuracy with congruent trials while DHH
children only made correct rhyme judgments with the congruent
trials. Research on syllable awareness (Sterne and Goswami,
2000) and phoneme awareness (Miller, 1997) have also found a
similar effect of orthographic congruency. Taken together, these
studies show that children rely on orthographic information in

phonological awareness tasks, but DHH children rely on such
information to a larger degree.

The relationship between vocabulary, phonological
neighborhood density and phonological awareness in
children with CI is less studied. Dillon et al. (2012) found
a possible relationship between larger vocabulary size and
more robust phonological representations in children with
CI. It is unknown if rhyme awareness in children who were
implanted early is subject to a rhyme neighborhood density
effect and if performance is linked to vocabulary. Children
with CI do not tend to reach the same level of vocabulary
development as children with NH (Yoshinaga-Itano et al.,
2010). Some research has shown that children implanted
by the age of 2 have a better chance of achieving receptive
vocabulary skills within normal range, however (Hayes et al.,
2009). Kirk et al. (1995) found that children with CI are
sensitive to phonological neighborhood density in speech
recognition the same way as children with NH are. Therefore,
it is possible that CI children have the same sensitivity to
rhyme neighborhood density as NH children in phonological
awareness tasks. However, weaker vocabulary skills may
take a toll on CI children’s development of phonological
awareness skills.

Assessments of phonological awareness in children with
CI could be skewed for three reasons. First, assessment
tools fail to recognize that some English phonemes are
harder to identify than others, even for people with NH
(Cutler et al., 2004). This fact denies fair assessment
for children with CI, who may receive auditory input
with poorer quality than children with NH. Carroll and
Snowling (2001) found that phonologically similar non-
rhyming words were the most difficult for children with
NH to reject in a rhyme matching task. It is reasonable
to assume that children with CI would be even more
confused with phonologically similar items. Secondly, when
making phonological judgments, DDH children rely more
on orthographic transparency (e.g., Sterne and Goswami,
2000), but assessment tools typically do not take this into
account. Finally, most assessment tools do not include words
from balanced phonological neighborhoods. Meanwhile
children with normal NH were found to perform better with
words from dense phonological neighborhoods in a phoneme
blending task (Metsala, 1999) and in a rhyme oddity task
(De Cara and Goswami, 2003).

Aims of the Current Study and
Hypotheses
It is known that general oral language skills matter for the
development of phonological awareness skills (Cooper et al.,
2002), but in this study we focused on the importance of
vocabulary skills for success in a rhyme recognition task. We use
a rhyme recognition task (i.e., oddity task), with items created
to only contain sound changes with maximal differences in
terms of perceptual saliency (Cutler et al., 2004), from dense
and sparse rhyme neighborhoods and controlled for orthographic
congruency. The study was guided by the following questions:
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1. Do individual differences in vocabulary knowledge and
working memory capacity predict children’s performance
on a rhyme recognition task?

We predict that children with better vocabulary knowledge
and stronger working memory capacity will perform better in a
rhyme recognition task. This prediction is based on past evidence
of positive correlations between children’s rhyme awareness skills
and vocabulary size or working memory capacity.

2. How do linguistic characteristics of words (i.e., rhyme
neighborhood density, orthographic congruency and type
of sound changes) influence children’s performance in a
rhyme oddity task?

Based on De Cara and Goswami (2003), we anticipate that
only children with larger vocabulary size will be influenced
by rhyme neighborhood density, such that their accuracy will
be higher for words from dense rhyme neighborhoods. We
also predict that the performance of children with larger
vocabulary size will be mediated by the trial types. In coda
change trials, children’s accuracy for words from dense rhyme
neighborhoods would be significantly higher than words from
sparse rhyme neighborhoods. Such differences will not be as
prominent in vowel change or rhyme change trials. Children with
smaller vocabulary sizes will not show effects of either rhyme
neighborhood density or its interaction with type of changes.

Additionally, we expect that children will perform better on
orthographically congruent trials than incongruent trials. This
prediction is based on past findings that both children with
NH and CI rely on orthographic information when making
rhyme judgments.

MATERIALS AND METHODS

Participants
Fifteen children with NH (mean age = 5; 2, SD = 10 months) and
six congenitally deaf children (mean age = 6; 10, SD = 6 months)
with cochlear implants participated in the study. Participants
were recruited through distribution of flyers at medical centers,
university clinics and public spaces (e.g., libraries, cafés, etc.).
Written informed consent was obtained from the parents of all
participating children in the study. All the children’s primary
language was English. Two children with CI were bilaterally
implanted and the other four were unilaterally implanted and
used a hearing aid on the contralateral ear. All children with CI
were implanted before the age of two. Demographic information
of all children is listed in Tables 1, 2.

Procedure
Children completed four standardized tests and a rhyme oddity
task in a random order to avoid an effect of fatigue on results.
Vocabulary was assessed by the Peabody Picture Vocabulary
Test – 4 (PPVT-4, Dunn and Dunn, 2007). Children were asked
to point to a picture, from a selection of four, that represented
the word the experimenter spoke. Non-verbal intelligence was
assessed by the Primary Test of Non-verbal Intelligence (PTONI,

TABLE 1 | Demographic information for all participating children.

NH CI

median (IQR) median (IQR)

Chronological age (year; month) 5; 5 (11 months) 6; 11.5 (3.75 months)

PTONI (standard score) 121 (28) 119.5 (20.5)

PPVT (standard score) 121.5 (11.75) 84.5 (4)

PPVT (raw score) 114.5 (34.25) 89 (7.5)

Block recall1 4 (1) 4 (0.75)

1Span scores on the block recall in Working Memory Test Battery for
Children (WMTB-C).

Ehrler and McGhee, 2008). This task required children to select a
picture that did not belong to a set, in terms of visual patterns, by
pointing. General language ability was assessed with the Test of
Early Language Development, fourth edition (TELD-4, Hresko
et al., 2017) for all except one child, who was given the Clinical
Evaluation of Language Fundamentals – Preschool 2 (CELF-
Preschool 2, Semel et al., 2004). Working memory was measured
by the block recall subtest in the Working Memory Test Battery
for Children (WMTB-C, Pickering and Gathercole, 2001), which
is a non-verbal task where the child points to series of blocks
following the sequence modeled by the experimenter. Children
with CI completed the experimental procedure in the same way
as children with NH, without any adaptation.

The Rhyme Oddity Task
To assess rhyme awareness, a rhyme oddity task adapted by De
Cara and Goswami (2003) was used. The task consisted of 36
trials of three words: two words rhyming with each other, and
one word not rhyming with the other two. The non-rhyming
word’s position in each trial was semi-randomized, which resulted
in six different semi-randomized versions of the task. Each child
received one version of the task, with the 36 trials presented in a
fully randomized order.

Children saw a picture of a boy looking and listening
attentively, which prompted the beginning of each trial. Then an
icon of a loudspeaker appeared on the computer screen, while
the audio of the first word was played simultaneously. This was
then followed by a second speaker icon and the second word;
and the third speaker icon and the final word with previous
speakers remaining on the screen. Children were instructed to
point to the loudspeaker that played the “non-rhyming” word at
the end of each trial.

Prior to the experimental trials, a training session was
provided. The children first played a rhyming game where the
experimenter presented three printed pictures of objects (e.g.,
star, egg, car). Children were asked to point to the non-rhyming
picture after the experimenter named the three pictures. After
demonstrating an understanding of the task, children moved on
to “play this game on the computer.” The computerized task
began with six practice trials. In the first two practice trials,
the experimenter paused and explained the procedure in a step-
by-step manner (e.g., “Do you see the little boy? We need to
really listen now! First you will see a speaker and it will play a
word. . . . Can you point to the word that does not rhyme with
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the other two?”). Children who understood and followed the
first two practice trials completed the next four practice trials
independently and proceeded to the experiment. Children who
had problems with the rhyming game or practice trials were able
to repeat any part of the training until they fully understood.

The stimuli words were recorded by a native female speaker
of American English using a professional digital recorder (i.e.,
Fostex FR-2LE). The sound file was edited and normalized in the
Audacity software for computer presentation. The stimuli were
presented to the children from a laptop computer (i.e., Thinkpad
X230) and through a loudspeaker (i.e., Mackie MR mk3) with
a Behringer U-control UCA222 soundcard. The stimuli were
presented at a 22.05 kHz sampling rate and 65 dB SPL. The
speaker was positioned approximately 1 m in front of the children
at 0◦ azimuth.

Stimuli
Words in the rhyme oddity task were well-controlled for
phonological similarity. The stimuli in the rhyme oddity task
were single-syllable words with an initial consonant (i.e., onset),
a middle vowel (i.e., vowel) and a final consonant (i.e., coda).
The vowel and the coda form the rime of words. The perceptual
qualities of the vowels, codas, or the rimes in the non-
rhyming words were created to be maximally different from
their counterparts in the rhyming words by using confusion
matrices in Cutler et al. (2004). The confusion matrices provide
information about the likelihood of mistaking an English vowel
or consonant for another one in background noise by listeners
with typical hearing (e.g., confusing/p/for/b/). In the current
study, the vowels, codas, and the rimes in the non-rhyming
words were the least likely to be confused with those in the
rhyming words. In past research, none of the rhyme oddity tasks
or rhyme matching tasks using auditory stimuli have taken into
consideration the perceptual similarities between speech sounds.
It is possible that any performance differences between words
from dense versus sparse rhyme neighborhoods may have been
affected by the lack of control of perceptual similarities in the
rhyming items. The current study circumvents this problem by
including stimuli that are as perceptually different as possible.

Three linguistic characteristics of the stimuli words were
manipulated in the rhyme oddity task. First, words were selected
from both dense and sparse rhyme neighborhoods using the
auditory database reported in De Cara and Goswami (2002).
Eighteen trials have words from dense rhyme neighborhoods
(hereafter dense trials) and the other 18 words from sparse
neighborhoods (hereafter sparse trials). A t-test validated that
the dense versus sparse manipulation was significant. The mean
rhyme neighborhood density for the dense stimuli was 25.3
(SD = 4.0) and the mean rhyme neighborhood density for the
sparse stimuli was 7.7 (SD = 2.9), t(53) = 25.89, p < 0.001.

Additionally, three types of non-rhyming words were created
by altering the following phonemes in the rhyming words within
a trial: a “rime change” (e.g., sock/rock/win), a “vowel change”
(e.g., hat/rat/neat) and a “coda change” (e.g., feed/need/deal).

Finally, orthographic congruency of the stimuli was also
controlled by having the rimes (VC2) in half of the rhyming
words spelled congruently (e.g., feed/need) and the other half
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spelled incongruently (e.g., date/wait). Children did not see
the spellings of the stimuli, rather, they needed to listen and
select the non-rhyming word based on auditory input. These
manipulations were made to reveal if children with CI and NH
are influenced by orthographic information when making rhyme
judgments in an auditory mode.

Word familiarity and age of acquisition were also controlled
for in the stimuli. The familiarity ratings of all words were above
6.75 on a 1 to 7 scale as reported in Luce and Pisoni (1998). The
age of acquisition ratings are below age 4; 22 using a 1–7 scale
(Ages 0–2 = 1, 2–4 = 2, above 13 = 7) (Cortese and Khanna, 2008).
Stimuli words and summary statistics for the variables of interest
are shown in the Supplementary Appendix A.

Statistical Analysis
We first investigated whether group differences existed between
children’s age, hearing experience, language and cognitive
abilities. One NH child did not return for their second session,
resulting in missing data in the PPVT and block recall tests.
Therefore, this child’s data was not included in the group
comparison tests for these two scores. For children with CI,
their hearing experience was quantified by their length of
amplification use with CI.1 For children with NH, experience
receiving postnatal auditory input, equals their chronological age.
PPVT raw score was used as a proxy for children’s “absolute
vocabulary size,” which is common practice in past literature
investigating the relationship between phonological processing
and vocabulary development (e.g., Gathercole et al., 1991;
Metsala, 1999). Wilcoxon rank sum tests were used for group
comparisons on children’s chronological age, hearing experience,
PPVT raw score and standard score, general language standard
score, PTONI standard score and block recall raw score.

Participants received binary scoring for the rhyme oddity
task. To answer the first research question concerning the
relationship between individual differences and rhyme
awareness, a generalized mixed-effect logistic regression
was fitted to this binary outcome variable using the lme4
package (Bates et al., 2015) in RStudio Version 1.0.136 (R
Development Core Team, 2017) and following Harel and
McAllister (2019). The fixed effect structure included the
following predictor variables: PPVT raw score, Block recall
span score, Group (NH versus CI), and interactions between
Group and all the other variables. All predictor variables except
for group were transformed into z-scores to facilitate model
convergence. The Group variable was sum-coded to allow
for interpretation of other variables as overall predictors of
accuracy performance. The random effects included test items
and participant.

To answer the second research question concerning the
association between linguistic characteristics and children’s
rhyme awareness, a second mixed-effect logistic regression was
fitted to participants’ binary accuracy data. The fixed effect
structure included the following predictor variables: Group,

1Some CI children received amplification through hearing aids before their CI
implantation, yet the auditory benefit of their hearing aids was deemed inadequate
which is why they qualified to be eligible for CIs.

PPVT_r, RND, Ortho, Change, two-way interactions between
Group and PPVT_r, PPVT_r and Change, PPVT_r and RND, as
well as a three-way interaction term between PPVT_r, RND and
Change. Again, Group, RND, Ortho and Change were sum-coded
to allow for interpretation of other variables as overall predictors
of accuracy performance. The random effects included test items
and participant.

RESULTS

Group Comparison
Results from the Wilcoxon rank sum tests (Table 3) revealed
that NH children’s chronological age was significantly lower than
that of the children with CI (z = −2.56, p = 0.01), but that the
group of CI children’s time with CI amplification was similar to
the chronological age of the NH children (z = −1.14, p = 0.13).
NH children had significantly higher language scores (z =−3.04,
p < 0.001) and vocabulary scores (PPVT raw scores z = −1.85,
p = 0.03) compared with children with CI. However, there were
no group differences on any of the non-language related measures
including non-verbal intelligence (PTONI, z =−0.46 p = 0.32) or
working memory capacity (Block Recall, z = 0.24, p = 0.59).

Individual Differences
Spearman’s correlations of predictor variables are summarized
in Table 4. Correlations are shown without a Bonferroni
correction, since this procedure is overly conservative according
to Perneger (1998). Results from our first model (Table 5) showed
significant effects of group (β = −0.36, p < 0.001) suggesting
that children with CI had lower average performance than
children with NH at the rhyme awareness task. The association
between PPVT_r and rhyme awareness was significant (β = 0.05,
p < 0.001), with a positive slope indicating that, on average,

TABLE 3 | Wilcoxon rank sum tests results comparing NH and CI on their age,
hearing age and standardized tests scores.

n z-value p

Age NH 15 –2.56 p = 0.01∗

CI 6

Hearing experience NH 15 –1.14 p = 0.13

CI 6

PPVT_s1 NH 14 –3.24 p < 0.001∗

CI 6

PPVT_r2 NH 14 –1.85 p = 0.03∗

CI 6

Language3 (standard score) NH 15 –3.04 p < 0.001∗

CI 6

PTONI (standard score) NH 15 –0.46 p = 0.32

CI 6

Block recall NH 14 0.24 p = 0.59

CI 6

1,2PPVT_s: PPVT standard score derived from chronological age; PPVT_r: PPVT
raw score. 3One child completed CELF for language assessment while all other
children completed TELD.
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TABLE 4 | Spearman’s correlation matrix for independent variables.

1 2 3 4 5 6

Chron. Age (n = 21) –

PPVT_s (n = 20) −0.39∗∗∗ –

PPVT_r (n = 20) 0.05 0.83∗∗∗ –

General language
(n = 21)

−0.35∗∗∗ 0.81∗∗∗ 0.59∗∗∗ –

Block recall span
(n = 20)

0.46∗∗∗ 0.12∗∗ 0.31∗∗∗ 0.19∗∗∗ –

PTONI (n = 21) 0.16∗∗∗ 0.26∗∗∗ 0.35∗∗∗ 0.58∗∗∗ 0.26∗∗∗ –

∗p < 0.05, ∗∗p < 0.01, ∗∗∗p < 0.001.

TABLE 5 | Regression results for individual differences.

Estimate Std. error Statistic p value

(Intercept) 0.77 0.00 393.42 p < 0.001

Group1
−0.36 0.00 −189.02 p < 0.001

PPVT_r2 0.05 0.00 25.38 p < 0.001

WM3 0.82 0.00 429.41 p < 0.001

Group× PPVT_r −0.47 0.00 −244.78 p < 0.001

Group × WM −0.06 0.00 −32.53 p < 0.001

(Random effect)
item

0.59

(Random effect)
subject

0.45

1Group: CI (cochlear implant) or NH (normal hearing). 2PPVT_r, Peabody Picture
Vocabulary Test raw score. 3WM, working memory.

children with larger vocabulary size were more successful
at the task. The interaction between group and vocabulary
was significant (β = −0.47, p < 0.001), suggesting that the
slopes for vocabulary were different between children with
NH and CI, as can be seen in Figure 1A. The association
between WM and rhyme awareness was significant (β = 0.82,
p < 0.001) with a positive slope suggesting that children with
better WM skills had better rhyme awareness performance.
The interaction between group and WM was also significant
(β = −0.06, p < 0.001), suggesting that the slopes for WM
were different between children with NH and CI, as can be seen
in Figure 1B.

To probe these two interactions, we divided the children
based on groups (NH versus CI) and performed two additional
models on these two groups, respectively. In Table 6, results
for NH children show that the association between PPVT_r
and rhyme awareness was significant (β = 0.53, p < 0.05)
with a positive slope suggesting that NH children with larger
vocabulary size were more successful at the task. The association
between WM and rhyme awareness was also significant
(β = 0.90, p < 0.001), with a positive slop suggesting that
NH children with better working memory skills had better
rhyme awareness performance. In Table 7, results showed
that the association between PPVT_r and rhyme awareness
was not significant in the CI group. The association between
WM and rhyme awareness was significant in the CI group
(β = 0.68, p < 0.05) with a positive slope suggesting

that CI children with better WM skills had better rhyme
awareness performance.

Characteristics of Items in the Rhyme
Recognition Task
As illustrated in Table 8, results from our second mixed-
effects logistic model did not show a significant effect for
Group, PPVT_r, Change or Ortho. There was no significant
interaction between Group and PPVT_r, PPVT_r and RND,
PPVT_r and Change and no significant three-way interaction
between PPVT_r, RND and Change.

Qualitative Analyses of Vocabulary Size,
Rhyme Awareness and Linguistic
Characteristics
We conducted two additional descriptive analyses to qualitatively
explore the relationship between vocabulary size, rhyme
awareness and linguistic characteristics. In the first analysis, we
plotted bivariate relationships between three pairs of variables:
PPVT raw score and chronological age; PPVT standard score
and chronological age; rhyme awareness performance and
chronological age (Figures 2A–C). Figure 2A shows a pattern
of increasing PPVT raw scores in NH children with increasing
chronological age. This pattern was still present for the NH
children when PPVT scores were reported as standard scores
(Figure 2B). There are only six children with CI and therefore
no clear conclusions can be made, but the same pattern does not
seem to be present in this small group during visual inspection
(Figures 2A,B). Both CI and NH children appeared to perform
better in the rhyme awareness task with increasing age based on
visual inspection of the graphs (Figure 2C).

The second analysis was a qualitative exploration of which
type of non-rhyming words were the most challenging for
children with NH and CI, respectively. NH and CI children
performance on the trials containing non-rhyming words with a
C2, V, and VC changes were plotted in Figure 3. Visual qualitative
inspection revealed that children with NH performed similarly
with the three types of non-rhyming words. Children with CI
seemed to be slightly more challenged when the non-rhyming
word differed from the rhyming word by a change in the middle
vowel (V-change).

DISCUSSION

In this study we explored how vocabulary skills and working
memory matter for phonological awareness skills in children. We
included a small group of six congenitally deaf children with
CI, who had been implanted before the age of two. Compared
to many previous studies, which have included children with a
wide range of age of implantation, our group all children had
been implanted early. The children with CI were older than the
NH children, but had similar hearing experience and non-verbal
intelligence. In the rhyme recognition task, we intentionally
maximized the difference of perceptual saliency of words within
each trial to grant fair assessment of rhyme awareness in children
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FIGURE 1 | Rhyme oddity task performance as a function of vocabulary (A) and working memory (B).

TABLE 6 | Regression results for individual difference in the NH group.

Estimate Std. error Statistic p value

(Intercept) 1.19 0.20 5.91 p < 0.001

PPVT_r 0.53 0.23 2.27 p < 0.05

WM 0.90 0.23 3.96 p < 0.001

(Random effect)
item

0.54

(Random effect)
Subject

0.48

with CI. Making sure that the non-rhyming word in each trial has
a minimal probability of perceptual confusion with the rhyming
words is of particular importance when assessing phonological
processing in children with hearing impairments. Poorer success
rates compared to children with NH may otherwise not be a
function of poorer phonological processing skills but may be
secondary to less optimal auditory input.

Our results show that vocabulary size measured by PPVT raw
scores, predicted success in the rhyme awareness task among
children with NH. Other studies have found that phonological
processing skills are related to vocabulary size (e.g., Edwards et al.,
2004; Munson et al., 2005). In Metsala (1999), performance on
phonological awareness tasks was related to overall vocabulary
size, age of acquisition of words, and neighborhood density.

TABLE 7 | Regression results for individual differences in the CI group.

Estimate Std. error Statistic p value

(Intercept) 0.94 0.27 3.48 p < 0.001

PPVT_r −0.11 0.24 −0.44 p = 0.66

WM 0.68 0.29 2.35 p < 0.05

(Random effect)
item

0.77

(Random effect)
Subject

0.41

Researchers have shown that vocabulary skills are important
for the development of phonological awareness skills and
have suggested that the holistic to segmental development of
phonological awareness skills is a secondary effect of vocabulary
acquisition. As a child learns more words, there is a need
to make distinctions between increasingly smaller segments
because many words have dense phonological neighborhoods
(Metsala and Walley, 1998). The children with CI in our
study had poorer vocabulary skills compared with the NH
children, which is consistent with previous research showing
that vocabulary skills develop slower in children with CI
(Yoshinaga-Itano et al., 2010). We did not find a positive
correlation between vocabulary size and rhyme awareness in
our children with CI. This finding is in contrast with the
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TABLE 8 | Regression results for linguistic characteristics.

Estimate Std. error Statistic p value

(Intercept) 0.89 0.43 2.07 p = 0.04

Group −0.03 0.43 −0.06 p = 0.95

PPVT_r 0.50 0.54 0.92 p = 0.36

RND1
−0.12 0.11 −1.06 p = 0.29

Change12 0.03 0.16 0.22 p = 0.83

Change2 −0.25 0.15 −1.66 p = 0.10

Ortho3 0.00 0.10 −0.03 p = 0.97

Group × PPVT_r −0.51 0.54 −0.95 p = 0.34

PPVT_r × RND 0.00 0.12 −0.04 p = 0.97

PPVT_r × Change1 0.18 0.17 1.04 p = 0.30

PPVT_r × Change2 −0.20 0.16 −1.27 p = 0.20

PPVT_r× RND×Change1 0.06 0.16 0.39 p = 0.70

PPVT_r× RND×Change2 −0.14 0.15 −0.92 p = 0.36

(Random effect) item 0.54

(Random effect) subject 0.85

1RND, rhyme neighborhood density. 2 Change: type of changes in the rime-ending
of the non-rhyming words. 3Ortho, orthographic congruency.

results from Dillon et al. (2012) who found that in children with
CI vocabulary size was a mediating factor between reading
skills and phonological awareness skills. In their study, there
was a weaker correlation between phonological awareness and
reading when vocabulary was controlled. Figures 2A,B in
our study, show that one CI child was slightly younger than

the remaining five, and had a lower PPVT raw score. In
the older five children with CI, the PPVT standard score
had a negative slope, indicating that the vocabulary skills of
these children might not have developed following a predicted
pattern over time. There was a positive correlation between
accuracy rates in the rhyme awareness task and chronological
age, however, which might indicate that other factors were
more important in supporting these children in developing
their phonological awareness skills. Since our study has a
small sample size of children with CI, we remain cautious in
interpreting these results.

Contrary to our expectation, we did not find a significant
interaction between rhyme neighborhood density and vocabulary
size, as measured by PPVT raw score. Children with larger
vocabulary sizes performed comparably with words from
dense versus sparse neighborhoods and so did children with
smaller vocabulary sizes. One explanation may be that our
version of the rhyme oddity task is less taxing compared
to the earlier version in De Cara and Goswami (2003),
since we intentionally minimized the perceptual similarity
between trial words. Storkel (2002) found that children
had more detailed segmental representation of words from
dense neighborhoods than words from sparse neighborhoods.
Consequently, children found it more difficult to judge whether
words sound the same when these words were from sparse
neighborhoods. In words from sparse neighborhoods, children
perceived words ending with sounds from the same category
in terms of manner of articulation as the same (tug-mud).

FIGURE 2 | Relationship between chronological age and PPVT raw score (A), PPVT standard score (B), and accuracy performance in the rhyme oddity task (C).
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FIGURE 3 | Accuracy for trials with a C2, V, and VC2 change (by group).

However, since our stimuli from sparse neighborhoods were
made to be maximally different from each other, this might
have reduced the level of difficulty while children made
decisions about rhyming. This may be a reason why children
showed similar performance with words from dense versus
sparse neighborhoods.

We were not able to replicate the three-way interaction
between vocabulary size, rhyme neighborhood density and type
of changes reported in De Cara and Goswami (2003). Our results
indicated that children’s performance was equally accurate in the
coda change, vowel change, and rime change trials and no rhyme
neighborhood effects were shown in any type of changes. This
null finding is, however, consistent with some earlier studies,
in which no performance differences were found between coda
change conditions and vowel change conditions (Bradley and
Bryant, 1983; Kirtley et al., 1989; Bryant et al., 1990). One
explanation provided by De Cara and Goswami (2003) for their
novel finding is that their rhyme oddity task with 5-year-olds
used pre-recorded speech stimuli. The auditory nature of the
stimuli did not provide lip cues. Therefore, children could only
rely on linguistic cues to make rhyme judgments. Since a coda
change trial provide the least number of linguistic cues (i.e., a
consonant) compared to the vowel and the rhyme change trials, it
is the most linguistically demanding condition and might be the
most discriminative condition for detecting an effect of rhyme
neighborhood density. Our rhyme oddity task was reduced in
terms of perceptual similarity between trial words, however.
This might have caused a loss of discriminating power in the
coda trials, and thus suppressed rhyme neighborhood density

effects. As can be seen during visual inspection of Figure 3,
our children with CI seemed to be most challenged by rhyme
changes including a vowel change. Perhaps CI children tend to
rely on acoustic information carried in the vowel when processing
speech, which made this sound change particularly difficult in
spite of the fact that we had made changes as salient as possible.

Many of the participating children were old enough to
have been exposed to orthographic forms in reading and may
have stored not only phonological forms of words, but also
orthographic forms. It is not well known how orthographic
representations support individuals in phonological processing
tasks, although we know that orthographic support facilitates
word learning in children with developmental language disorders
(Ricketts et al., 2015). Our results revealed no significant effects
for orthographic congruency, however. Past studies that have
identified such effect have either used written tasks, or a picture
identification task without any auditory stimuli (e.g., Campbell
and Wright, 1988; Miller, 1997; Sterne and Goswami, 2000).
In written tasks, readily available information of orthographic
congruency would have a direct impact on children’s rhyme
judgments. In picture identification tasks, children must access
the phonological information of the words through lexical
retrieval, which may activate of the words’ orthographies.
Children in our study only heard the pronunciation of the
stimulus words and might have processed and analyzed the
phonological components of these words without activating
their orthographic representation. As a result, orthographic
congruency did not show an influence on children’s performance
in the rhyme oddity task.

Non-verbal working memory skills were not different between
children with NH and children with CI with similar hearing
experience. On the surface level, this result contradicts the results
from Cleary et al. (2001), where children with CI performed
worse than children with NH on tasks assessing non-verbal
working memory. However, a closer look revealed that the CI
children in their study had shorter hearing experience than
the chronologically age-matched children with NH. Correlation
coefficients in the current study (Table 4) also showed that
working memory scores had a stronger correlation with hearing
experience than with chronological age. Together, this suggests
that hearing experience contributes to working memory skills
in children with CI. Our finding that non-verbal working
memory predicts children’s rhyme awareness is consistent with
previous findings that phonological processing skills are linked
to children’s short-term memory skills regardless of hearing
status (Pisoni and Geers, 2000; Pisoni and Cleary, 2003;
Willstedt-Svensson et al., 2004).

To summarize, we found that both vocabulary size and non-
verbal working memory skills are important factors for rhyme
recognition skills in children with NH. In children with CI,
only working memory was found to be significant. However,
vocabulary learning is still important for children with CI. The
children with CI in our study had poorer vocabulary skills
than children with NH. Past research (Dillon et al., 2012) has
found a positive relationship between vocabulary and children’s
phonological awareness skills. Nittrouer et al. (2018) did not
find a strong correlation between expressive vocabulary and
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phonological awareness in 6th grade children with NH or with
CI, however. Our study has a very limited sample size of children
with CI, and therefore results are difficult to generalize. For our
NH children, the results indicate a positive relationship between
vocabulary skills and rhyme awareness, which is consistent
with earlier studies on children with NH (e.g., Metsala and
Walley, 1998; Edwards et al., 2004; Munson et al., 2005). Finally,
working memory skills are important for phonological awareness
tasks regardless of hearing status. This finding is expected
based on previous literature, and also suggests that mentally
comparing items in a phonological awareness task involves a
memory component.

The current study is a first attempt to use a rhyme
recognition task with a stringent control of perceptual similarity
of distinguishing phonemes, which might have reduced the
level of difficulty in task. Increasing the level of saliency of the
distinguishing phonemes in the task may have had an effect on
how rhyme neighborhood density or type of rhyme changes in
our task played a role. This may also be a reason why we did not
find an effect of orthographic congruency. Future studies might
examine whether different levels of perceptual similarities of
stimuli would have an effect on children’s performance in rhyme
awareness tasks. Such studies may also lead to the development of
balanced stimuli to be included in standardized rhyme awareness
tests. Task administration was randomized. Randomization may,
however, have affected the robustness of the correlations. The
most important limitation of the current study is the small
number of children in the CI group. The small sample size
also makes it difficult to investigate the impact of background
characteristics and other factors, such as parental engagement on
children’s rhyme awareness skills. In future studies the goal will be
to include a more balanced number of participants in the groups
to study phonological processing skills in this population.
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