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Abstract: Despite early intervention with cochlear implants, children with hearing impairment often show poorer language
performance than their hearing peers. Previous research has focussed primarily on language outcomes, while data on the
relationship between language and cognitive function is limited. The aim of this study was to investigate and compare receptive
language skills and the components of verbal working memory (storage and processing of information) in children with cochlear
implants and their hearing peers, as well as to investigate the relationships between these skills within and between groups.

The study involved 35 children with cochlear implants and 23 hearing children, aged 6 to 15 years, who were matched for
gender and chronological age. They were assessed using the Croatian versions of the Peabody Picture Vocabulary Test (PPVT-
1II-HR) and the Test for Reception of Grammar (TROG-2:HR), while verbal working memory was assessed using the Digit-Span
task.

The results showed that children with cochlear implants had significantly lower scores in vocabulary and grammar
comprehension, as well as lower verbal working memory capacity. Stronger correlations between language and cognitive
variables were observed in the group of children with cochlear implants than in the hearing group. These results emphasise the
importance of integrated assessment and intervention targeting both language and cognitive skills.
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INTRODUCTION milestones (Cole & Flexer, 2019; Wieringen &
Hearing impairment in children represents Wouters, 2014).
a fundamental obstacle to the development of However, despite sophisticated cochlear im-
functional communication and language skills, plant technology, these devices do not transmit
since it has a significant impact on the language all relevant speech features due to limitations in
acquisition process (Wilson et al., 2024). Most spectral and temporal resolution, which further
children with severe hearing loss or deafness are impedes speech understanding (Wilson et al.,
born to hearing parents who want their child to 2024). Language development in congenitally
communicate using spoken language (Hoff, 2013) deaf children who use cochlear implants (CIs) is
and therefore, opt for cochlear implantation. Co- a complex and multidimensional process involv-
chlear implant technology is constantly evolving, ing the interplay of sensory stimulation, cognitive
and the most advanced devices that are current- function, and language exposure. Most studies on
ly available provide access to the full speech the language outcomes of children with CIs have
spectrum (Velandia et al., 2020). Combined with focussed on vocabulary development, as inter-
protocols for early detection of hearing loss, this vention for congenital hearing loss can begin very
offers children with congenital profound hearing early and vocabulary is one of the most accessible
loss or deafness a great opportunity for the devel- indicators of language progress in the early stages
opment of communication, auditory, language, of intervention. The area of research that has been
speech, and socio-emotional skills, as well as lit- extensively studied is receptive vocabulary, which
eracy and academic development within expected is usually measured using the Peabody Picture
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Vocabulary Test (PPVT; Dunn & Dunn, 1997).
Previous studies have shown that children with
Cls show significantly poorer receptive vocabu-
lary, which can be one to two standard deviations
lower than their hearing peers (see overview in

Table 1) (AuBuchon et al., 2015; Blomquist et al.,
2021; Conway et al., 2011; Davidson et al., 2014;
Dettman et al., 2016; Fitzpatrick et al., 2012;
Hrastinski et al., 2019; Kronenberger & Pisoni,
2019; Kronenberger et al., 2021).

Table 1. Research findings on receptive and expressive vocabulary in school-aged children with cochlear implants

Author (year) Participants Age (years) Test used Standard scores (M =100, SD = 15)
23 CI TH=114
Conway et al. (2011) 5-10 PPVT
26 TH CI =86
. . 21CI
Fitzpatrick et al. (2012) 10 PPVT Cl1=77
Norms
TH=114
. 101 CI
Davidson et al. (2014) 9 PPVT CI - good =102
47 TH
CI - poor = 86
207 CI
Dettman et al. (2016) 5.6 PPVT CI=75.5
Norms
10 CI
Hrastinski et al. (2019) 11.9 PPVT Cl=74
Norms
23 CI TH=112
AuBuchon et al. (2015) 12 PPVT
23 TH CI=90
L. 53 CI 9-29 TH=112
Kronenberger & Pisoni (2019) PPVT
60 TH CI=91
. 24 CI 5-10 TH=122
Blomquist et al. (2021) PPVT
24 TH CI=96
28 CI TH=115
Kronenberger et al. (2021) 9-22 PPVT
26 TH CI =95

Note: PPVT, Peabody Picture Vocabulary Test; TH, typical hearing peers, CI, children with cochlear implants

Vocabulary assessments alone cannot provide
a comprehensive picture of language develop-
ment in children with Cls, as they do not pro-
vide information about language structuring and
the effectiveness of its use, such as assessments
of morphology, syntax, or pragmatics. Receptive
and expressive morphosyntactic abilities refer to
a child’s ability to understand and express gram-
matical relationships between words. Receptive
language skills include understanding the mean-
ing derived from the grammatical structure of a
sentence, while expressive language skills include
the correct formation of sentences and the use of
grammatical markers in language (Wilson et al.,
2024).

Despite their importance, studies on morpho-
syntactic skills in children with Cls are relatively
rare. Instruments that have been frequently used
for this purpose are the Test for Reception of

Grammar (TROG; Bishop, 1989) and the Clinical
Evaluation of Language Fundamentals (CELF;
Semel et al., 2013). Studies using the TROG
have shown that morphosyntactic acquisition
progresses more slowly in children with Cls than
in their hearing peers (Wilstedt-Svensson et al.,
2004). However, these children show significant
improvement over time, especially if implanta-
tion is performed before the age of 4 years (Ni-
kolopoulos et al., 2004), while the best results are
achieved if implantation is performed before 12
months of age (Colletti et al. 2011). Studies us-
ing the CELF test show that school-aged children
with Cls are, on average, one standard deviation
below the normative mean in language compre-
hension (Geers & Nicholas, 2013; Dettman et al.
2016; Kronenberger & Pisoni, 2019).

Cochlear implantation not only affects speech
perception and language skills, but also influences
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neurocognitive functions, as the brain systems do
not develop in isolation. Early sensory experienc-
es and the function of one part of the brain can in-
fluence the development of other neurocognitive
capacities (Kral et al., 2016). Language serves as
the basis for the development of cognitive func-
tions such as short-term memory, reasoning, and
executive functions. At the same time, working
memory supports language processes by enabling
the temporary storage and processing of phono-
logical information, which is essential for both
speech comprehension and language production
(Baddeley, 2003).

According to the theory of a bidirectional re-
lationship between language and working mem-
ory, language development contributes to more
efficient processing and control of phonological
information, while a well-developed working
memory accelerates the acquisition of complex
language skills (Gathercole & Baddeley, 2014).
This relationship is particularly important in chil-
dren with Cls, since both processes occur in the
context of adaptation to an artificial auditory in-
put.

In children with Cls, phonological representa-
tions are often altered due to insufficiently clear
sensory input, which requires additional cognitive
effort for verbal processing. This places a great-
er demand on the working memory compared to
children with typical hearing (Kronenberger et al.,
2014). The capacity of the working memory has
a significant effect on language comprehension -
children with a higher working memory capaci-
ty also show better language skills (Nittrouer et
al., 2013). Verbal working memory is common-
ly assessed using digit span tasks: forward digit
span assesses storage, while backward digit span
assesses processing of verbal information (Dono-
lato et al., 2017). These tasks have been widely
used in research on children with CIs (AuBuchon
et al., 2015; Davidson et al., 2019; Geers et al.,
2014; Harris & Terlektsi, 2011; Kronenberger et
al., 2021), showing that children with Cls often
have a lower capacity of verbal working memory
than their hearing peers. This can be a significant
predictor of delays in speech perception and lan-
guage development (Nittrouer et al., 2013).

Despite the significant technological advanc-
es in Cls and the increasingly early inclusion of
children with congenital severe hearing loss in
habilitation and educational programmes, many
children with ClIs still have poor language skills
compared to their hearing peers. Receptive vocab-
ulary remains the most extensively studied area of
language, while receptive morphosyntactic skills
and their relationship to working memory have
been less explored. As verbal working memory
plays a key role in the development and process-
ing of language, it is particularly important to in-
vestigate how this cognitive ability contributes to
language outcomes in children with Cls.

Aims and hypotheses

The questions outlined above led to the four
main objectives of this study. Firstly, the study
aimed to investigate and compare the vocabulary
and grammar comprehension of school-aged chil-
dren with Cls and their hearing peers. Secondly,
the study compared vocabulary and grammar
comprehension within the group of children with
Cls, and thirdly, went on to assess and compare
verbal information storage and processing skills.
Fourth, the study investigated the relationships
between cognitive and language skills within each
group in order to determine whether patterns of
associations differed between groups.

It was hypothesised that children with Cls
would have significantly weaker language skills -
namely vocabulary and grammatical understand-
ing - compared to their hearing peers. It was also
expected that children with CIs would have a sig-
nificantly lower ability to store and process verbal
information in the short term.

METHODOLOGY
Participants

The study involved 35 children with cochlear
implants (16 boys and 19 girls) aged 6 to 15 years
(M =10.7; SD=3.16) and 23 children with typical
hearing (11 boys and 12 girls) aged 6 to 15 years
(M =10.2; SD = 3.17). The hearing group was
matched with the CI group by gender and chrono-
logical age (for every two or more CI users of the
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same age, a hearing child of the same age or up to
six months younger was selected). All participants
had average or above average non-verbal cogni-
tive abilities, which were assessed using Raven’s
Standard Progressive Matrices (Raven, 1994).

All children in the CI group were prelingually
profoundly deaf or deaf, they had hearing parents,
were integrated into regular schools, and used oral
communication as their primary mode of commu-
nication at home. In addition, all participants with
hearing loss were implanted before the age of 4
years (earliest implantation at 14 months, latest
at 44 months). Hearing data were collected from
medical documentation. The average aided hear-
ing threshold in the implanted ear was 35 dB. The
participants were fitted with modern cochlear im-
plant systems from Cochlear (CI24RE, C1422 and
CI512) and Med-El (Pulsar, Maestro and Sonata).
All CI electrodes were active, the speech proces-
sors were regularly programmed, and the children
used their devices throughout the waking hours.
Most participants (n = 27, 82%) had unilateral
CIs, four had bilateral implants, and four used a
hearing aid in addition to a CI.

Measures

The Peabody Picture Vocabulary Test (PPVT-
III-HR; Kovacevi¢ et al., 2009) was used to assess
receptive vocabulary. This is a standardised test
for the Croatian language that is frequently used
for diagnostic and research purposes. The child is
presented with four pictures and asked to choose
the one that corresponds to a spoken word. The
test consists of 204 words that are categorised into
17 groups according to difficulty.

The Test for Reception of Grammar (TROG-
2:HR; Bishop, Kuva¢ Kraljevi¢, Hrzica,
Kovacevi¢, & Kolograni¢ Beli¢, 2014) was used
to assess receptive morphosyntactic skills. It con-
sists of 80 items classified into 20 blocks, each
targeting different syntactical grammatical struc-
tures. Each item presents a sentence along with
four pictures. The task is to select the picture that
correctly represents the meaning of the sentence.

Digit span tasks were used to assess verbal
working memory. The task requires the repetition

of a sequence of digits in the same order (forward
span) and in reverse order (backward span), which
assesses short-term memory or verbal information
processing.

Data collection procedure

Participants were recruited through institu-
tions and clinics where they received habilitation
services, with prior approval from institutional
Ethics Committees. Testing was conducted indi-
vidually with each participant in a quiet, well-lit,
and comfortable environment, typically in a sin-
gle session that lasted between 60 and 90 minutes.
The session began with the nonverbal cognitive
skills assessment (Raven’s Standard Progressive
Matrices), followed by the language comprehen-
sion and verbal working memory tests.

The data were collected as part of a wider
study of predictors of receptive language skills in
children with CIs. The study was approved by the
Ethics Committee of the Faculty of Education and
Rehabilitation Sciences of the University of Za-
greb (Class: 602-04/20-42/8, 20 March 2020) and
by the SUVAG Polyclinic (Class: 510-08/20-01, 6
October 2020).

RESULTS

All statistical analyses were conducted using
SPSS software (version 26.0). The study com-
pared the language and cognitive abilities of
school-aged children with Cls and their hearing
peers using four measures: grammar comprehen-
sion (TROG-2:HR), receptive vocabulary (PPVT-
III-HR), and verbal working memory (both for-
ward and backward digit span). Prior to the group
comparisons, the normal distribution of the con-
tinuous variables was tested. As the Shapiro—Wilk
test indicated significant deviations from normal-
ity, non-parametric statistical methods were used
in the subsequent analyses.

Descriptive analysis — Language
comprehension and verbal working memory

The descriptive statistics provide an overview
of the performance of the two groups with respect
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to receptive vocabulary and grammar compre- ward digit span (verbal short-term memory) and
hension (expressed as standard scores), as well as backward digit span (verbal processing) (Table 2).
verbal working memory, measured through for-

Table 2. Descriptive statistics for vocabulary and grammar comprehension, as well as verbal working memory in
children with cochlear implants and children with typical hearing (n CI = 35; n TH = 23)

Measure Group M C Min. Max. SD
Grammar comprehension (TROG-2:HR) cl 7734 76.00 >3 113 15.87
TH 108.30 108.00 91 123 8.31
Vocabulary comprehension (PPVT-III-HR) cl 70-00 67.00 50 102 15.00
TH 104.91 105.00 85 127 12.94
Working memory — storage (forward digit span) cl 4.69 3.00 3 ! 1.02
TH 5.61 5.00 4 9 1.12
. . . CI 3.57 3.00 2 6 1.04
Working memory — processing (backward digit span) TH 426 2.00 2 p 14

Note: C, Median; M, Mean; CI, children with cochlear implants; TH, children with typical hearing; SD, Standard Deviation

In order to gain a better understanding of gram- A total of 23% of CI users achieved average
mar comprehension in the CI group, an analysis scores (between the 25th and 75th percentiles),
was carried out using percentile ranks, a quantita- most of them in the low average range. The same
tive measure frequently used in clinical practise. proportion of hearing peers also achieved average
These results are shown in Table 3. Most children results, but in the upper average range. Only one
with Cls (74%) scored in the low range — be- child with a CI achieved a high score (81st per-
low the 25th percentile — with six participants centile), in contrast to 60% of their hearing peers
scoring in the extremely low range, below the 1st who scored in the high range.
percentile.

Table 3. Distribution of TROG-2:HR grammar comprehension scores by percentile ranks in children with cochlear
implants and children with typical hearing

TROG-2:HR
N Below 25th percentile between the 25th and 75th percentiles  Above 75th percentile
CI 35 26 (74%) 8 (23%) 1 (3%)
TH 23 2 (9%) 7 (30%) 14 (61%)

Note: CI, children with cochlear implants; TH, children with typical hearing

Data visualisation was used to demonstrate the lowest quartile, indicating that a significant
the distribution of scores, identify outliers, ex- proportion of this group performs below average
amine patterns of variability within each group, (Fig. 1 and 2).

and interpret group differences between children
with ClIs and those with typical hearing. The dis-
tributions of the standardised scores for vocabu-
lary comprehension (PPVT-III-HR) and grammar
comprehension (TROG-2:HR) clearly show ad-
vantages in favour of the hearing group, which are
reflected in higher median scores, as well as great-
er variability within the CI group. It is noteworthy
that a larger number of children with CIs are in
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Figure 1. Differences in vocabulary comprehension
between children with Cls and those with typical hear-
ing (TH)

Figure 2. Differences in grammar comprehension be-
tween children with Cls and those with typical hearing
(TH)

140

100

PPVTZ

Differential analysis — Differences in language
comprehension and verbal working memory

In order to determine the statistical signifi-
cance of the observed between-group differences
in receptive vocabulary and grammar and verbal
working memory, a Mann-Whitney U test was

TROGZ

cl TH

performed, with the results interpreted at a signif-
icance level of p < 0.05. The analysis showed that
vocabulary knowledge, grammar comprehension,
as well as the short-term storage and processing of
verbal information in working memory were sig-
nificantly lower in the group of children with CIs
compared to their hearing peers (Table 4).

Table 4. Results of the Mann-Whitney U test comparing vocabulary and grammar comprehension, as well as verbal
information storage and processing between children with cochlear implants and children with typical hearing (n

CI=35;nTH=23)

Mann-Whitney U P (conﬁden((i: lill‘::le:‘ival 95%)
Grammar comprehension (TROG-2:HR) 38.00 0.000 a. 6?43?3 98)
Vocabulary comprehension (PPVT-III-HR) 37.50 0.000 (1.7624.3-532.144)
Working memory — storage (forward digit span) 251.00 0.016 03 1%6_6K 417)
Working memory — processing (backward digit span) 257.00 0.21 (. 10;6]3.177)

The descriptive data in Table 2 shows that chil-
dren with CIs have, on average, a significantly weak-
er receptive vocabulary (large effect), a significantly
weaker comprehension of grammar (large effect),
and a moderately lower capacity for short-term stor-
age and verbal information processing compared to
hearing peers.

Additionally, the Wilcoxon signed-rank test was
used to analyse the within-group differences in lan-
guage comprehension and working memory (Table
5). In the typically hearing group, receptive vocab-
ulary and grammar comprehension were compara-
bly developed. As expected, however, significant

differences were found in the storage and process-
ing of verbal information. Hearing children were
able to store a larger number of words (5-6 words)
compared to the number that they were able to pro-
cess (about 4 words). In contrast, a statistically sig-
nificant and moderately large difference between
receptive vocabulary and grammar comprehension
was found in children with Cls. These children had a
much better developed vocabulary in comparison to
their comprehension of grammar. Like their hearing
peers, children with ClIs showed better short-term
storage (4-5 words) compared to their level of verbal
information processing (3-4 words).

38



Hrvatska revija za rehabilitacijska istrazivanja 2025, Vol 61, br. 2, str. 33-46

Table 5. Results of the Wilcoxon signed-rank test for within-group differences in vocabulary and grammar compre-
hension, as well as verbal information storage and processing in children with cochlear implants and children with

typical hearing (n CI = 35; n TH = 23)

Group Wilcoxon P r
Vocabulary comprehension (PPVT-III-HR) — CI -2.77 0.006 0.468
Grammar comprehension (TROG-2:HR) TH -1.00 0.315 /
Working memory — storage (forward digit span) — CI -4.37 0.000 0.739
Working memory — processing (backward digit span) TH - 425 0.000 0.886

Note: CI, children with cochlear implants; TH, children with typical hearing

Correlation analyses — Relationship between
language comprehension and verbal working
memory

In order to gain a deeper insight into the rela-
tionship between language and cognitive variables,
both between and within the two groups of chil-
dren, a Spearman correlation analysis and Fisher’s
Z-transformation analyses were conducted.

The correlation analysis showed a moderately
positive correlation between grammar compre-
hension and receptive vocabulary in the group of
children with CIs (p = 0.575), indicating that chil-
dren with a larger vocabulary probably also have a
better understanding of grammar, and vice versa.
Moderately positive correlations were also found
between grammar comprehension and short-term
verbal storage (p = 0.446), as well as between re-
ceptive vocabulary and short-term verbal storage
(p = 0.453). This implies that children with a bet-
ter developed vocabulary and a better comprehen-

sion of grammar probably also have a larger short-
term verbal storage, and vice versa. A moderately
high positive correlation was observed between
verbal storage and verbal processing, suggesting
that children with better short-term storage also
tend to have better processing ability. However,
the correlations between the language variables
and the backward digit span (verbal processing)
were not statistically significant in the CI group
(Table 6).

In the group of typically hearing children, no
statistically significant correlations were found
between language and cognitive variables, nor
between the language variables themselves, prob-
ably due to skewed data variability. The only sig-
nificant correlation observed was a very strong
association between forward and backward digit
span (p = 0.89), indicating a high likelihood that
children with stronger verbal storage also show
stronger verbal processing (Table 6).

Table 6. Spearman correlation analysis for the group of children with cochlear implants and the group of children

with typical hearing (n CI = 35; n TH = 23)

Group 1. 2. 3. 4.
Grammar comprehension (TROG-2:HR) CI -
TH -
2. Vocabulary comprehension (PPVT-11I-HR) CI 0.575** -
TH -0.07 -
3. Working memory — storage (forward digit span) CI 0.446%* 0.453%* -
TH 0.389 0.111 -
4. Working memory — processing (backward digit span) CI 0.253 0.274 0.487%* -
TH 0.383 0.151 0.894%* -

Note: CI, children with cochlear implants; TH, children with typical hearing; ** indicates p < 0.01, * indicates p < 0.05.
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To investigate whether the strength of the
correlations differed significantly between the
groups, Fisher’s Z-transformation was applied
(Table 7). A statistically significant difference
was found between the two groups in the correla-
tion between receptive vocabulary and grammar
comprehension (Z = 2.544, p < 0.05). In the CI
group, this correlation was moderate, positive,
and statistically significant, while no significant

correlation was found in the hearing group. The
results show that all other group differences with
respect to correlations were not statistically sig-
nificant, suggesting that the overall patterns of as-
sociations between language abilities (vocabulary
and grammar comprehension) and working mem-
ory (verbal storage and processing) do not differ
significantly between children with Cls and their
hearing peers.

Table 7. Spearman correlations by group, Z-values, and corresponding p-values (n CI = 35; n TH = 23)

Pair of variables CI(p) TH (p)  Z-values P
Grammar comprehension (TROG-2:HR) - o
Vocabulary comprehension (PPVT-III-HR) 0.575 -0.07 2.544 0.011
Grammar comprehension (TROG-2:HR) — o
Working memory — storage (forward digit span) 0.446 0.389 0.242 0.810
Grammar comprehension (TROG-2:HR) —
Working memory — processing (backward digit span) 0.253 0.383 - 0.509 0.611
Vocabulary comprehension (PPVT-III-HR) — 0.453 %% 0111 1323 0.186
Working memory — storage (forward digit span) ’ ) ) )
Vocabulary comprehension (PPVT-III-HR) — 0274 0.151 0.453 0.651

Working memory — processing (backward digit span)

Note: CI, children with cochlear implants; TH, children with typical hearing

DISCUSSION
Between and within group differences

The results of this study show that the vocab-
ulary knowledge of congenitally deaf or severely
hard of hearing children with Cls is statistically
significantly lower - up to two standard deviations
- than that of their hearing peers. These results are
consistent with previous studies (AuBuchon et al.,
2015; Blomquist et al., 2021; Conway et al., 2011;
Dettman et al., 2016; Fitzpatrick et al., 2012; Hras-
tinski et al., 2019; Kronenberger & Pisoni, 2019;
Kronenberger et al., 2021; Percy-Smith et al.,
2013; Ruffin et al., 2013). Scores in the CI group
ranged from 50 to 102, with only seven children
with Cls scoring within the normative range for
the hearing population (range = 85-115), in con-
trast to all hearing participants who scored within
the expected norms (range = 85-127).

In addition to lower vocabulary knowledge,
grammar comprehension was also found to be sig-
nificantly lower in children with CIs compared to
their hearing peers - by two standard deviations.
Similar findings were reported by Hrastinski et

al. (2019), whose participants with Cls (of prima-
ry school age) achieved an average standardised
score of 66 in the Croatian version of the TROG.
Willstedt-Svensson et al. (2004), who used the
Swedish version of the TROG, and May-Meder-
ake (2010), who used the German version, also re-
ported lower scores for grammar comprehension
in children with Cls.

The present study also shows that 74% of chil-
dren with CIs scored in the low range (below the
25th percentile), 23% were in the low average
range, and only one child was in the high range
(above the 75th percentile). Nikolopoulos et al.
(2004) reported comparable results, while Colletti
et al. (2011) documented more favourable results
for children implanted before 12 months of age
(58% above the 75th percentile), highlighting the
importance of early implantation for favourable
outcomes in language comprehension.

Although these low scores in vocabulary and
grammar comprehension are consistent with
previous research findings, they are even more
concerning ,given that this study only included
children with favourable language developmental
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conditions: early implantation (before 4 years of
age, i.e., during the sensitive period), oral com-
munication as the primary form of interaction,
age-appropriate non-verbal cognitive abilities,
no additional developmental difficulties, regular
school involvement, as well as modern cochlear
implantation systems, along with consistent use
and programming of the device. These findings
suggest that the extensively studied personal,
audiological, technical, and habilitation factors
- although important - do not fully explain the
variability in language outcomes in children with
CIs (Almomani et al, 2021; Davidson et al, 2014;
Duchesne & Marschark, 2019; Geers & Nicholas,
2013; Thomas & Zwolan, 2019).

There is growing evidence that cognitive
factors play a role, particularly verbal working
memory, which enables the temporary storage
and processing of phonological information that
is essential for language comprehension. In the
present study, children with Cls performed sig-
nificantly lower than their hearing peers at storing
verbal information, indicating a lower capacity of
short-term verbal working memory. Additionally,
the CI group also scored lower on the backward
digit span, suggesting a reduced verbal processing
capacity. These findings are consistent with previ-
ous studies that have reported reduced phonolog-
ical storage and limited verbal processing in chil-
dren with CIs (AuBuchon et al., 2015; Davidson
etal., 2019; Geers et al., 2014; Harris & Terlektsi,
2011; Kronenberger et al., 2021).

Different authors have proposed different ex-
planations for these results. One explanation em-
phasises the effects of early auditory deprivation.
Although ClIs provide access to sounds, children
with prelingual deafness may continue to exhib-
it atypical perceptual patterns and sensory cod-
ing because they have not had adequate auditory
experiences in early development (Cleary et al.,
2001). An alternative explanation proposed by
Nittrouer et al. (2017) is that the low-resolution
auditory signals provided by the implant may
limit the development of phonological awareness
and impair the efficient phonological encoding re-
quired for verbal working memory.

The results also showed that typically hear-
ing children have a balanced language profile -
their vocabulary and comprehension of grammar
are equally developed, as would be expected in
typically developing children. In contrast, the CI
group showed a different pattern. Although their
vocabulary was also lower than that of their hear-
ing peers, it was largely and significantly better
developed than their grammar comprehension.
This discrepancy suggests that the acquisition of
grammatical structures is more challenging in this
population and that morphosyntactic difficulties
tend to persist, which is consistent with previous
research (Hrastinski et al., 2019). In the cognitive
domain, both groups showed the same develop-
mental pattern: verbal memory capacity outper-
formed processing ability, albeit at an overall low-
er level in the CI group, which in turn indicates a
strain on phonological processing in the context
of limited auditory input.

Relationship between language
comprehension and verbal working memory

Investigating the relationship between lan-
guage and working memory is essential for un-
derstanding language development, especially in
children with CIs, where both processes occur
under conditions of adaptation to artificial audi-
tory input. In the CI group, moderately positive
correlations were found between vocabulary com-
prehension and verbal short-term memory, as well
as between grammar comprehension and verbal
short-term memory. These findings reveal an im-
portant relationship between language and cogni-
tive skills in the CI group that is consistent with
the bidirectional model of language and working
memory (Gathercole & Baddeley, 2014), which
assumes that a well-developed working memory
supports language skills.

Interestingly, no significant correlations were
found between cognitive variables and vocabulary
or grammar comprehension in the group of typ-
ically hearing children, probably due to skewed
data variability in this group.

Although no statistically significant group dif-
ferences were found in terms of the correlations
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between language and cognitive variables, in gen-
eral, more significant and stronger correlations in
the CI group suggest that language development
in these children is likely to be more dependent on
working memory capacity, or maybe even more
reliant on cognitive resources such as working
memory as a compensatory mechanism. These
findings are consistent with previous studies
showing that altered phonological representations
due to limited auditory input increase the cogni-
tive load during language processing in children
with Cls (Kronenberger et al., 2014; Nittrouer et
al., 2013). Therefore, language comprehension in
this population may be better explained by mod-
els that integrate cognitive functions and language
abilities, which has important implications for
both therapeutic and educational interventions.

Limitations of the study and implications for
practice

This study has several limitations that should
be emphasised. Firstly, the sample size was rel-
atively small due to an effort to homogenise the
heterogeneous population of children with hear-
ing impairments, which limits the generalisability
of the findings and reduces the statistical power of
the tests. Secondly, the instruments used assessed
only certain aspects of working memory and lan-
guage abilities, while other important cognitive
domains such as attention, processing speed, and
expressive language were not considered.

Despite these limitations, the findings point to
the need for an integrated and multidisciplinary
approach to assess and promote language devel-
opment in children with Cls. Such an approach
should not only monitor language input and out-
put, but also systematically evaluate underlying
cognitive processes, particularly verbal working
memory and processing capacity. In clinical prac-
tice, this implies that speech therapy programmes
should recognise the potential need for individual-
ised strategies, especially for children who contin-
ue to show language delays, despite early implan-
tation and favourable developmental conditions.
Furthermore, collaboration between audiologists,
speech-language pathologists, educators, and psy-
chologists is essential to ensure a comprehensive

understanding of each child’s profile, in order to
tailor habilitation plans effectively.

Future research should build on these findings
by conducting longitudinal studies with larger and
more diverse samples, and by including addition-
al aspects of language and cognition. Moreover,
further research should include other potential
factors influencing language outcomes in children
with CIs in order to determine their synergistic
effect in association with other cognitive factors.
Ultimately, intervention models should extend be-
yond auditory training and language development
to address the broader neurocognitive profile of
the child, considering working memory as both a
protective and limiting factor in language acqui-
sition.

CONCLUSION

This study found that both vocabulary and
grammar comprehension is significantly lower in
prelingually deaf children with Cls compared to
their hearing peers. These findings are particular-
ly worrying given that the participating children
had favourable developmental conditions, such
as early implantation, lack of additional devel-
opmental difficulties, use of oral communication,
and participation in regular school. These factors
are generally considered to be predictors of suc-
cessful language development, and one would ex-
pect the results to be comparable to those of hear-
ing children. This raises the legitimate question of
why language outcomes continue to lag behind,
despite favourable conditions, and what aspects
of the current habilitation approach need to be re-
vised in order to improve language skills in this
population.

One possible explanation comes from the study
of verbal working memory, a cognitive function
closely linked to language acquisition and pro-
cessing. The results of the present study also show
that children with ClIs performed worse on verbal
working memory tasks than their hearing peers. In
particular, language variables were more strongly
associated with working memory measures in the
CI group than in the hearing group. This pattern
may reflect the activation of compensatory mech-
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anisms based on cognitive resources that children
with CIs use to try to compensate for their limited
auditory input.

These findings show that a deeper understand-
ing of the specific interactions between language
and cognitive factors is essential for the develop-
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ment of differentiated and individualised habili-
tation strategies. Such approaches could achieve
optimal language outcomes for each individual
child with a CI by addressing both language and
cognitive needs in an integrated manner.
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