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Assessment of Linguistic Competence in Children with Hearing Loss: An Analysis Based
on the Communication Modality Employed
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Titulo: Evaluacién de la competencia linglistica en nifios con pérdida au-
ditiva: un andlisis basado en la modalidad de comunicacién empleada.
Resumen: El principal objetivo de este estudio fue examinar las diferen-
cias neuropsicoldgicas y lingiifsticas en una muestra de niflos sordos en
comparacion con sus compaieros oyentes. Ademas, buscé evidenciar po-
sibles diferencias entre niflos con pérdida auditiva considerando el tipo de
intervencién recibida para promover el lenguaje y la comunicacion.

La muestra estuvo compuesta por 124 participantes, de los cuales 64 tenfan
pérdida auditiva y 60 eran oyentes. El rango de edad en ambos grupos fue
de 5 a 11 afos. Se utiliz6 la prueba de Evaluacién Clinica de Fundamentos
del Lenguaje —CELF5- para obtener datos sobre habilidades lingtisticas y
neuropsicologicas.

Los resultados obtenidos mostraron que el rendimiento de los nifios con
pérdida auditiva era inferior al de sus compafieros oyentes. Al comparar los
tipos de modalidades de comunicacion utilizadas por los nifios sordos, se
encontré que aquellos que utilizaron la comunicacién total obtuvieron pun-
tuaciones mas altas que los que utilizaron el lenguaje oral y los que utiliza-
ron la lengua de signos espafiola.

Estos resultados respaldan el uso de intervencién temprana que incluye el
uso de sistemas de apoyo para facilitar el aprendizaje del lenguaje oral. Es
decir, se deben incluir sistemas que promuevan el aprendizaje basado en la
estructura gramatical, aspectos semanticos y pragmaticos como los de la
lengua hablada.

Palabras clave: Sordera infantil. Comunicacién total. Lengua de signos.
Terapia oral.

Abstract: The main objective of this study was to examine the neuropsy-
chological and linguistic differences in a sample of deaf children compared
to their hearing peers. Additionally, it sought to evidence possible differ-
ences among children with hearing loss considering the type of interven-
tion received to promote language and communication.

The sample consisted of 124 participants, of whom 64 had hearing loss
and 60 were hearing. The age range in both groups was 5 to 11 years. The
Clinical Evaluation of Language Fundamentals —-CELF5- test was used to
obtain data on linguistic and neuropsychological skills.

The results obtained showed that the performance of children with hearing
loss, was lower than that of their hearing peers. When comparing the types
of communication modalities used by the deaf children, it was found that
those who used total communication scored higher than those who used
oral language and those who used Spanish sign language.

These results support the use of eatly intervention that includes the use of
support systems to facilitate oral language learning. That is, systems should
be included that promote learning based on grammatical structure, seman-
tic and pragmatic aspects like those of the spoken language.

Keywords: Childhood deafness. Total communication. Sign language. Oral
therapy.

Introduction

The impact on the emotional, linguistic, academic, and social
development of a child born with hearing loss is notable,
particularly in cases of severe and profound losses. However,
nowadays, these difficulties can be reduced through eatly di-
agnosis and the eatly initiation of rehabilitation (Martinez et
al,, 2021; Trinidad et al., 2010).

Approximately 10 years ago, the Commission for Early
Detection of Hearing Impairment estimated that every year
in Spain, around 2,500 new families had a child with hearing
deficit, of which 500 had profound deafness (Nufiez-Batalla
et al., 2016). The incidence figures of childhood deafness in
Spain have improved since the implementation of early de-
tection programs. Until that time, data came from diagnoses
made during school age or from specific studies of specific
pathologies, placing the incidence at 1 in 1000 births. Nowa-
days, the figures range from 0.8 to 3.3 per 1000 births
(Xunta de Galicia 2023).

It is necessary to highlight that 40% of hearing losses
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present comorbidity with other pathologies. The most fre-
quent are cognitive difficulties (present in 8% of cases), lan-
guage development disorders (8% of cases), and autism
spectrum disorder (7%). The remaining 17% of cases are as-
sociated with a wide variety of disorders such as cerebral pal-
sy, visual difficulties, and attention deficit hyperactivity dis-
order (Nufiez-Batalla et al.,, 2021). This greatly complicates
the establishment of diagnosis, as well as subsequent treat-
ment, slowing down the process and causing difficulties to
accumulate, including proper language development (Nufiez-
Batalla et al., 2023). Therefore, an early assessment of poten-
tial repercussions at all levels of development must be cat-
ried out.

As mentioned above, universal screening programs along
with technological advancements and specialization in inter-
vention have succeeded in reducing difficulties associated
with prelingual hearing loss. Nowadays, it is known that in-
tervention in the first six months significantly improves
these difficulties, including language development. For in-
stance, some studies indicate that eatly interventions signifi-
cantly enhance vocabulary levels (de Diego-Lazaro et al.,
2019). However, despite these advances, differences in lan-
guage development remain considerable when compared to
hearing peers.

In the lexical-semantic area, individuals with prelingual
deafness face challenges in learning novel words, as this skill
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seems to develop more slowly than in hearing children
(Quittner et al., 2016). Kallioinen et al. (2023) consider it im-
portant to strengthen semantic skills such as vocabulary and
conceptual knowledge to enhance cortical semantic pro-
cessing in children with cochlear implants.

In the morphosyntactic area, research suggests that deaf
implanted children use fewer coreferential elements, a lower
variety of cohesive elements, and less discursive updating
(Fresneda & Madrid, 2017). However, some studies compat-
ing children with cochlear implants to hearing children edu-
cated in the same school found no differences in their mor-
phosyntax, showing age-appropriate linguistic abilities in
both cases (Falcon-Gonzdlez et al., 2019, Le Normand &
Thai-Van, 2023).

At a pragmatic level, differences between children with
hearing loss and hearing children are also noticeable. Boons
et al. (2013) found that the narrative skills of children with
cochlear implants were adequate in terms of the quantity and
coherence of the narrated story; however, they scored lower
than their hearing peers in terms of the quality, content, and
effectiveness of the stories. They studied a group of children
implanted before the age of two, with two cochlear implants
and a single spoken language, reaching values within the av-
erage for their age. On the other hand, Walker et al. (2017)
conducted a longitudinal study with children between 5 and
6 years old with severe and profound hearing loss regarding
the understanding of false belief tasks. The results showed
that deaf children had a delay in understanding first-order
false belief tasks compared to their hearing peers. Specifical-
ly, 84% of hearing children understood and performed false
belief tasks, compared to 41% of deaf children.

Additionally, differences seem to exist regarding symbol-
ic play. Bofarull & Fernandez (2012), when comparing sym-
bolic play between deaf and hearing children, concluded that
language acquisition is fundamental for tasks such as object
substitution, a crucial aspect for the onset of symbolic play.
In this regard, Quittner et al. (2016) pointed out that deaf
children experience a delay in the acquisition of symbolic
play, with a more pronounced delay when the implantation
occurs after the age of two. Other skills such as empathy and
prosocial motivation are lower in deaf children, regardless of
the degree of hearing loss or the type of hearing aid. Consid-
ering the communication system used, children with a sys-
tem geared toward oral language were more empathetic and
prosocial than those using sign language, although not at the
level of their hearing peers (Netten et al., 2015).

Regarding reading, Kyle et al. (2016) consider that vo-
cabulary level is a predictor of reading ability in deaf chil-
dren. More recently, Paniagua-Martin et al. (2022) claim that
both the breadth and depth of vocabulary are related to
reading difficulties in deaf children. On the other hand, the
results of several studies on the relationship between pho-
nology and reading ability in deaf children show that deaf
children can access phonology through visual channels like
cued speech, without the need for auditory input (Alasim &
Algraini, 2020; Kronenberger et al., 2020). This is crucial
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when designing interventions aimed at promoting reading
skills in children with hearing difficulties.

In terms of executive functioning, it is important to con-
sider the relationship between verbal abilities and this aspect
of cognitive processing. Kronenberger et al. (2013) suggest
that difficulties in directing and controlling thoughts and be-
haviour may contribute to inhibitory control issues in deaf
children, indicating potential cognitive effects beyond those
associated solely with auditory impairment.

Botting et al. (2017) propose an intertwined relationship
between expressive vocabulary and non-verbal executive
function, suggesting that language skills play a mediating role
in executive performance. Therefore, they consider language
to be crucial for adequate executive performance and not the
other way around. Thus, Hall et al. (2017) found that deaf
children from deaf families, with a history of auditory but
not linguistic deprivation, did not have behavioural problems
related to executive function.

Some studies such as Figueras et al. (2008) highlight the
interconnection between the development of executive func-
tions and language skills in deaf children. For this reason,
they underline the need for clinical and educational ap-
proaches that not only address language development, but
also consider executive functions. This may lead to improved
social adjustment, academic success and general well-being
in deaf children. The clinical implications would range from
early intervention to the design of educational programs and
the training of professionals, emphasising a comprehensive
and multidisciplinary approach.

However, Kotowicz et al. (2023) in a similar approach as
Hall et al. (2017) present contrasting findings, indicating no
significant differences in executive functioning between na-
tive signing deaf children and their hearing peers. They at-
tribute this to the supportive environment provided by sign-
ing deaf parents, suggesting that various factors beyond lan-
guage and cognitive processes, including social and familial
supportt, contribute to the development of executive func-
tions.

In summary, research on the relationship between execu-
tive function and hearing loss in children reveals a complex
interplay between language development, cognitive skills,
and the social environment. While some studies suggest that
executive function difficulties may be related to deficits in
language and hearing, others highlight the importance of fac-
tors such as family support and linguistic environment in the
development of these skills. These findings underscore the
need to consider multiple variables when assessing and ad-
dressing the needs of children with hearing loss, acknowl-
edging the influence of both intrinsic and extrinsic factors on
their cognitive and social development.

The interventions carried out to promote communica-
tion and language development in children with hearing loss
are diverse. A simple and clarifying classification is presented
by Gravel & O'Gara (2003), who categorize them into 3
groups: oral therapies, therapies that employ visual and man-
ual cues, and those that use sign language. Within oral thera-
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pies are auditory-verbal therapy (AVT) and auditory-oral
therapy (AOT). Both are quite similar, but in the former,
language is solely acquired through hearing, whereas in
AOT, lip reading, facial expression, and natural gestures are
also used to support language development.

On the other hand, there are several therapies that use
visual and manual cues. These include cued speech, using
manual cues simultaneously with oral language; manually
coded English, using oral language and signs simultaneously;
total communication, promoting the use of multiple modali-
ties like manually coded systems, gestures, lip reading, and
auditory input; and Simultaneous-Communication (Sim-
Com), similar to total communication but not requiring audi-
tory input.

Lastly, there are therapies that utilize sign language as a
communication option. This would include the Bilingual-
Bicultural (Bi-Bi) approach, which uses sign language as the
primary language and teaches the second language through a
combination of manually coded systems and cued speech.

Most studies evaluating the effectiveness of interventions
in deaf children focus on assessing specific types of interven-
tion rather than comparing interventions. For instance,
Yoshinaga-Itano (2010) indicated that deaf children who un-
derwent cochlear implants between 12 and 24 months and
received a combination of AOT and sign language could at-
tain age-appropriate levels in expressive lexicon and recep-
tive syntax. Bayard et al. (2019) highlichted the benefits of
cued speech therapy for proper language acquisition and de-
velopment. Tejeda-Franco et al. (2020) pointed out that
AVT was an effective technique not only for language de-
velopment but also for improving speech acoustics in chil-
dren with hearing difficulties.

However, few studies compare the efficacy of different
interventions. Geers et al. (2011) indicated that children with
cochlear implants who received oralist intervention pet-
formed better in tests evaluating oral language development
compared to those using sign language. Marshall et al.
(2018), comparing interventions combining sign language
and oral language against solely oralist therapy, found similar
semantic fluency difficulties in both cases. Recently, Van
Bogaert et al. (2023) compared AVT with cued speech ther-
apy. They concluded that deaf children not using cued
speech or other consistent visual support had lower lexical
judgment skills (detecting phonological distortions) than
their peers. Moreover, they indicated that cochlear implants
alone were insufficient to develop good speech perception
skills.

This study aims to examine linguistic and neuropsycho-
logical differences in a sample of deaf children compared to
their hearing peers. It will also seek to highlight potential
neuropsychological and linguistic differences among children
with hearing loss based on the type of intervention received
for language and communication development. Specifically,
three communicative modalities were compared: oral lan-
guage without the use of augmentative or alternative sys-
tems, sign language, and a total communication system
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through bimodal/cued speech. The hypotheses are, on the
one hand, that the expressive and comprehension language
skills of deaf children will be lower than those of hearing
children. In addition, cognitive skills (working memory, visu-
al attention, cognitive flexibility, inhibitory control and rea-
soning ability) measured through the CELF5 subscales will
be lower in deaf children compared to their hearing peers.
Finally, it is expected that deaf children who use the total
communication modality will present better language and
cognitive skills than those who use oral language or sign lan-

guage.
Method

A cross-sectional study was conducted collecting data on
linguistic and neuropsychological abilities in a group of deaf
children compared to their hearing peers. The analysed vari-
ables included: working memory and auditory attention, in-
hibitory control, cognitive flexibility, and reasoning ability.
Linguistically, data was gathered on overall language perfor-
mance, receptive and expressive language levels, as well as
linguistic content.

Participants

The total sample for this study consisted of 124 partici-
pants, of which 64 had hearing loss and 60 were hearing in-
dividuals. The mean age in the hearing loss group was 8.52
years, SD = 1.94, and 8.65, §D = 1.85 years in the hearing
group (range 5-11 years). In relation to gender, the hearing
loss group comprised 34 males and 30 females, while the
hearing group had 31 male and 29 female participants.

The hearing group was recruited from a public school in
A Cotufia, while the deaf/hard of hearing children were re-
cruited from the Otorhinolaryngology Departments of the
University Hospitals of A Corufa, Vigo, Lugo, and Santiago
de Compostela, the Galician Federation of the Deaf, and a
Specialized Educational Center for the Deaf in the Commu-
nity of Madrid. Inclusion criteria for both groups involved
being between 5 and 11 years old and not having a diagnosis
of a neurodevelopmental disorder. All children with hearing
loss were orally proficient. Those who used sign language
were bilingual: sign language, oral language.

Concerning the type of prosthetics used, the most com-
mon were either hearing aids or cochlear implants combined
with hearing aids, as shown in Table 1. The mean age at
which the prosthetics were fitted was 24.56 months. 45.31%
of the participants had profound bilateral sensorineural
deafness, 26.56% had severe sensorineural deafness, while
the remaining 28.13% exhibited other types of hearing loss
with varying degrees of severity (see Table 2).
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Table 1
Type of hearing aid nsed by participants with hearing loss
Communicative modality
Oral Sign Total

Type of prosthesis .. Total
language language communication
Audiphone 12 6 4 22
Cochlear implant 14 4 8 26
Audiphone + Implant
Cochlear > 1 3 ?
Osseointegrated implant 2 0 0 2
None 5 0 0 5
Total 38 11 15 64
Table 2
Type of hearing loss
Communicative modality
Type of hearing loss Oral Sign TOtz.ll . Total
language language Communication
Severe unilateral
conductive deafness 3 0 0 3
Moderatﬁ bilateral 1 0 0 1
conductive deafness
Severe bilateral
conductive deafness 0 0 1 1
Moder'ate unilateral 5 0 0 2
sensorineural deafness
Severe-unllateral 1 0 0 1
sensorineural deafness
Moder'ate bilateral 4 5 0 6
sensorineural deafness
Severe'bﬂateral 13 5 5 17
sensorineural deafness
Profoupd bilateral 13 5 1 29
sensorineural deafness
Moderate bilateral
mixed deafness 0 0 1 1
Profound bilateral
mixed deafness 0 ! 0 !
Auditory neuropathy 1 1 0 2
Total 38 11 15 64

Participants with hearing loss used 3 communicative
modalities: oral language without the use of augmentative or
alternative systems (38 participants), sign language (11 partic-
ipants, of which only 2 were native signers) and a total
communication system using bimodal/cued speech (15 pat-
ticipants). Bimodal communication involves the simultane-
ous use of oral language and gestures (Monfort et al., 1982)
and the cued speech consists of the use of visual cues in or-
der to favour, mainly, the acquisition and development of
phonology.

Finally, it should be noted that the average age of diag-
nosis of deafness was 13.47 months for the entire group.
Considering the communicative modality, children using sign
language received the diagnosis later, with an average of
31.91 months, followed by those using oral language with an
average of 16 months, and those using total communication
with an average of 11.33 months.
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Instruments

To collect sociodemographic data, a questionnaire was
developed to gather information on gender, age, place of
origin, and spoken languages. In the case of the group with
hearing loss, additional questions were included regarding
the age of diagnosis of deafness, type of deafness, use of
prosthetics, age of placement, and communication modality
employed.

The instrument used to collect information about linguis-
tic abilities was the Clinical Evaluation of Language Funda-
mentals-5 (CELF5) (Wiig et al.,, 2017). It is a standardized
test that identifies, diagnoses, and monitors language and
communication disorders in children and adolescents aged 5
to 15 years. It combines different tests in three age ranges: 5
to 8 years, 9 to 12 years, and 13 to 15 years. It consists of 14
subtests that assess various language competencies, including
morphosyntax, semantics, pragmatics, and the ability to re-
member and retrieve oral language. These subtests are classi-
fied based on age to obtain a Core language score and four
indices: Receptive language index, Expressive language in-
dex, Linguistic content index, and Linguistic structure index

(see Table 3).

Table 3
CELF5 subtests and langnage skills assessed
Age Subtests Language skills
5-8 yearsSentence comprehension Processing and interpretation
old of structures
Linguistic concepts Basic concepts
Word structure Morphosyntactic rules
5-15 yearsWord classes™ Relationships  and
old categories
Following directions*
Formulated sentences*

semantic

Understanding indications
Semantically and grammatically
complete sentence

Linguistic ~ knowledge  and
phonological working memory

Recalling sentences*

Understanding
Paragraphs
Pragmatics profile

SpokenCause-effect relationships, in-
ferences and predictions
Conversational skills, request-
ing information and
verbal communication

non-

Pragmatic ActivitiesVerbal and non-verbal behav-
Checklist iours
9-15 yearsWord definitions Vocabulary, semantic catego-
old ries, evocation of words

Sentence Assembly Syntactic atten-

tional skills

knowledge,

Semantic relationships ~ Memory of word order, syn-

tagma and sentences

*4 subtests used in the study

In this study 4 subtests were used (Word classes, Follow-
ing directions, Formulation of sentences, and Recalling sen-
tences) and calculated the Core language score and 3 indices
(Receptive language index, Expressive language index, and
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Linguistic content index) as they were common to the age
groups in the sample (between 5 and 11 years old)

The Following directions subtest assesses understanding
of directions. The subject must point to the picture in the
stimulus booklet that corresponds to the oral instruction.
The difficulty and length increase as the application pro-
gresses. It contains 33 items, scored as 1 for correct and 0
for incorrect responses. The Word classes subtest assesses
abilities to understand relationships between words based on
semantic fields and specific semantic relations. The subject
must choose between three or four words that are read to
him/her, the two that are related. For children from 5 to 8
years old, picture support is used for the first 12 items. In
this case, there are 40 items scored as 1 or 0 based on correct
or incorrect responses. The Formulation of sentences sub-
test evaluates the ability to orally construct complete, seman-
tically and grammatically correct sentences of increasing
length and complexity. After observing an image, the subject
must elaborate a sentence containing the word or words read
to him/her. Items are scored from 0 to 2 points, with 48 be-
ing the maximum score. Lastly, the Recalling sentences sub-
test assesses the subject's ability to listen to orally presented
sentences of increasing length and complexity and repeat
them without changing the meaning, content, or structure of
words or phrases. Items are scored from 0 to 3 points, with
78 being the maximum score.

With regard to the Core language score, it is obtained by
adding the scaled scores of four subtests to assess the lan-
guage competence of the evaluated child. While subtests may
vary depending on the subject's age, those included are the
most discriminative and clinically sensitive in identifying po-
tential language disorders. The score range is from 40 to 160.
The receptive language index measures listening and auditory
comprehension abilities, obtained from the scaled scores of
two subscales focused on receptive language (Word classes
and Following directions). On the other hand, the expressive
language index is derived from two subscales focused on ex-
pressive language (Formulated sentences and Recalling sen-
tences). Finally, the linguistic content index evaluates various
aspects of semantic and lexical development. It is derived
from two tests measuring semantic and lexical aspects (Word
classes and Following directions). The tests included in each
index vary depending on the children's age. The score range
for the indices varies from 45 to 145.

Although the CELF-5 is not specifically designed to as-
sess executive functioning, some of the subtests in the bat-
tery can be used as part of a more general neuropsychologi-
cal assessment (Pearson Clinical, s.f.). Specifically, it assesses
working memory, auditory attention, inhibitory control, cog-
nitive flexibility, and reasoning ability. As mentioned above,
in this study the assessment was conducted using the sub-
tests of the CELF5 that are common for ages 5 to 11. Table
4 shows the distribution of the 4 subtests applied in this
study based on the cognitive skill evaluated.
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Table 4

Neuropsychological functions assessed nsing subtests CELF5

Cognitive skills Subtests  Assessment content

Working memoty/Following Recall of statements with multiple
Auditory attention directions levels of detail

Word Memorisation and repetition skills
Classes

Recalling  Attention to details

sentences

Inhibitoty control/ Recalling
Cognitive Flexibility sentences

Modifying phrases during repeti-
tion for impulse control
Introduction of familiar syntactic
structures with low inhibition
levels

Use of syntactic structures in rela-
tion to the context of the sentence

Cognitive flexibility Word Ability to switch between semantic
Classes categories
Perseverance from one item to the
next
Following Ability to move from instruction
directions to instruction with different visuals

stimuli
Formulated Ability to understand the meaning

Reasoning ability

sentences  of specific situations and then con-
struct sentences

Word Ability to extract the common

classes concept from various terms and

access categorical thinking

Regarding the internal consistency of the subtests com-
prising the CELF5, it should be noted that it is high, as the
Cronbach's o values for the Spanish standardization sample
in each of the subtests range between .79 and .97

Procedure

The study was conducted following approval from the
Ethics Committee of the Galician Health Service (SERGAS)
in the A Corufia-Ferrol health area (file number: 2019/475).
Access to electronic medical records JANUS program) of
children with hearing loss, aged between 5 and 11 years, at-
tending otorhinolaryngology services at Galician university
hospitals, was granted with authorization from the SERGAS
Ethics Committee. Subsequently, families were contacted
and appointments were scheduled at their respective hospi-
tals. During these appointments, the study's objectives were
explained, and voluntaty participation was requested through
the signing of informed consent forms. Sociodemographic
data were collected and the CELF5 assessment was adminis-
tered in a quiet room.

For participants associated with the Galician Federation
of the Deaf, a similar procedure was followed. Initial contact
was made with the institution's management, and upon au-
thorization, the institution's speech therapist identified eligi-
ble children and informed their families about the study. In-
terested families provided signed informed consent forms
and were scheduled for testing.

anales de psicologia/ annals of psychology, 2025, vol. 41, n° 1 (january)



46 Montserrat Durdan-Bouza et al.

The sample of children with deafness was augmented by
contacting a Specialized Educational Center for the Deaf in
the Community of Madrid. Following authorization from the
center's management, the guidance department communicat-
ed with families to explain the study's purpose and objec-
tives. Informed consent forms were signed, and tests were
conducted in a classroom within the educational center, min-
imizing disruption to ongoing classes.

For hearing children, contact was made with the man-
agement of an Early Childhood and Primary Education Cen-
ter in the province of A Corufia. After explaining the study's
purpose and obtaining authorization, information and con-
sent forms were sent to families of students aged between 5
and 11 years. Upon receiving voluntary consent, a six-week
data collection period was established, and the CELF5 as-
sessment was administered in a designated classroom. Ef-
forts were made to minimize disruption to the school's rou-
tine and individual child activities.

In both groups, tests were administered individually, with
sessions lasting between 45 and 60 minutes. The instructions
for each test were delivered in sign language for children
who use it as their primary communication method. Alt-
hough the evaluator was proficient in sign language, she re-
ceived guidance and support from a Spanish sign language
interpreter who was well-versed in the test procedures. For
children using oral communication aids (bimodal/cued
speech), minimal assistance was needed as their responses
were prompt and appropriate. If any difficulty arose during a
subtest, bimodal support was provided. Finally, for the
group of hearing-impaired children who communicated oral-
ly without aids, the instructions were given verbally.

Analysis of data

The obtained data were analysed using the statistical pro-
gram SPSS version 28. Initially, a descriptive analysis was
conducted based on the scaled scores obtained by each of

the groups in each of the four subtests, the Core language
score, and the 3 indices of the CELF5.

Differences between both groups regarding specific lin-
guistic domains were examined through the Core language
score, Receptive language index, Expressive language index,
and Linguistic content index.

Comparisons between the scores obtained by both
groups were approached from a neuropsychological perspec-
tive by classifying the CELF5 subtests based on the involved
cognitive functions. Specifically, differences were analysed
concerning working memory and auditory attention, inhibi-
tory control, cognitive flexibility, and reasoning ability.

The Levene's test for homogeneity of variances con-
firmed that the variances of the scores obtained by the heat-
ing group and the group with hearing loss in the CELF5
subtests were not homogeneous. Therefore, to compare if
there were statistically significant differences in the perfor-
mance of both groups regarding the analysed variables, a
non-parametric test, specifically the Mann-Whitney U test,
was applied.

Finally, applying the Kruskal-Wallis test revealed differ-
ences in the group with hearing loss concerning the evaluat-
ed linguistic abilities based on the communication modality
used by the participants (oral language, sign language, or bi-
modal/cued speech).

Results

Comparison of deaf group with hearing peers based
on language skills

First, a descriptive analysis was conducted comparing the
mean scores obtained by both groups in each of the 4 sub-
tests, the Core language score and the 3 indices (see Tables
5). It also includes the percentile corresponding to perfor-
mance.

Table 5
Mean scaled scores and percentiles obtained by the deaf group (DG) and hearing gronp (HG) on the CELEF5
Minimum Maximum Mean SD Percentile

DG HG DG HG DG HG DG HG DG HG
Following directions 1 5 16 16 8.06 10.63 3.93 2.80 40 50
Word classes 1 5 14 17 8.66 10.43 2.78 2.98 40 50
Formulation of sentences 1 3 19 19 9.53 14.20 5.88 4.36 49 90
Recalling sentences 1 4 17 16 6.56 10.77 4.24 2.62 14 50
Core language score 45 79 135 133 89.53 109.55 23.07 12.75 45 70
Receptive language index 50 73 129 131 90.80 102.75 18.85 13.80 45 55
Expressive language index 47 80 145 145 90.84 114.68 25.66 15.06 45 80
Linguistic content index 48 76 145 137 93.86 106.93 2233  13.80 49 65

For 4 subtests, performance based on the scaled score is
considered as follows: a scaled score of 6 or lower (§D < -1)
would indicate below-average performance; a scaled score of
7 (§D = -1) would indicate borderline performance, from 8
to 12 (§D between +1 and -1) within average performance;
and 13 or higher (§D 2 +1) above average performance.
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As seen in Table 5, the deaf group achieves average per-
formance in 3 of the subtests (Following directions, Word
classes, Formulation of sentences), and below-average per-
formance in the Recalling sentences subtest.

In relation to the Core language score and the 3 indices,
average scores of 100 with an §D = 15 would be considered
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average, between 85 and 100 below average, and 115 or
higher above average. The deaf group achieves scores
around the average for the Core language score and the 3 in-
dices, although slightly below.

As shown in Table 5, the hearing group achieves average
performance in 3 of the subtests (Following directions,
Word classes, Recalling sentences), and above-average per-
formance in the Formulated sentences subtest. They also
perform around average on the Core language score and the

Figure 1
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3 indices, with higher performance on the expressive lan-
guage index, which places them in the 80th percentile.

Therefore, although the performance of the deaf group is
adequate in most subtests, the scores obtained by the hearing
individuals are higher. Moreover, the discrepancies between
the minimum and maximum scores are larger in the group
with hearing difficulties, causing greater deviations from the
mean. These differences can be visually observed in Figures
1 and 2.

Comparison of performance in the 4 subtests of CELFS between the deaf group and the hearing group
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Second, a non-parametric analysis was performed using
the Mann-Whitney U test to test for possible differences in
language proficiency between the two groups. The results are
presented in Table 6. As can be seen, the differences be-
tween the two groups are statistically significant both in the
Core language score and in the indices of Expressive, Recep-
tive and Content language. The group of hearing children
obtained the highest scores. As shown in Figure 3, the dif-
ferences are more pronounced for the Core language score
and the Expressive language index.

Figure 3
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Table 6
Results of the Mann-Whitney U test in the tests related to specific linguistic domains and
excecntive functioning

Subtests CELF5 U p
Specific linguistic domains
Core language score 2.91 < .001**
Receptive language index 2.69 < .007**
Expressive language index 2.98 < .007**
Linguistic content index 2.63 < .001**
Executive functioning
Following directions 2.70 < .001**
Word classes 2.55 .001**
Recalling sentences 3.05 < .007**
Formulation of sentences 2.78 < .001**

*5 < 05; % < 01

Comparison of the average ranges obtained by each group in the subtests related to specific linguistic domains

79,03 80,19
’ 75,25

50,55
47

Core language score

Average ranges

45,91

Expresive language
index

Receptive language
index

W Hearing ™ Hearing loss

The analysis also showed that there were statistically sig-
nificant differences between the two groups in the 4 subtests
used. The hearing group scored the highest. In Figure 4, the
average ranges obtained by each group in each of the sub-

Figure 4

74,38

I5137

Linguistic content index

tests are compared. In all of them, the hearing group
achieved higher scores compared to the group with hearing
loss, with the difference being more pronounced in the re-
calling and formulation of sentences.

Comparison of the average ranges obtained by each group in the subtests related to executive functioning

81,33

75,41 73,06

Average Ranges

Word classes

Following directions Recalling sentences

M Hearing ™ Hearing loss
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Comparison of deaf group with hearing peers based
on cognitive skills

As mentioned above, by categorising the CELF5 subtests
according to the cognitive function involved, comparisons
were also made between the hearing group and the group
with hearing loss. Thus, working memory and auditory atten-
tion were analysed through the subtests of Following direc-
tions, Word Classes, and Recalling sentences as they involve
memorization and attention to details. As indicated in the
previous paragraph, the results showed statistically signifi-
cant differences in all subtests in favor of the group without
hearing difficulties (see Table 6). Therefore, in the tasks pre-
sented in the 3 subtests, deaf children would have more dif-
ficulty than their hearing peers in remembering information
that contains varying degrees of specificity or detail.

Cognitive flexibility was assessed through the subtests
Following directions, Word classes, and Recalling sentences.
Specifically, children with hearing loss showed more difficul-
ties to switch from one instruction to another based on the
demands of each subtest or if they persist in performing the
tasks. Additionally, the Recalling sentences subtest enables
the analysis of inhibitory control, depending on whether par-
ticipants display impulsivity in responding and modify sen-
tences during repetitions. As mentioned above, this is the
test where deaf children's scores differ most from those of
hearing children, with the latter scoring higher.

Finally, the results of the Formulated Sentences and
Word Classes subtests were used to assess reasoning ability,
specifically observing whether children are capable of mak-
ing inferences and predictions or extracting the common
concept among several terms. Again, the scores of the chil-
dren with hearing loss were lower.

Figure 5
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Comparison of the linguistic and cognitive skills of
deaf children on the basis of the communicative
modality

Given the small size of the groups, the Kruskall-Wallis
test was used to check whether the communicative modality
used by the participants in the hearing impaired group (oral
language, sign language ot bimodal/cued speech) could in-
fluence the results obtained in the CELF5.

About linguistic performance, results show statistically
significant differences between the 3 communicative modali-
ties in the 4 indices (Core language score, Receptive lan-
guage, Expressive language and Linguistic content index), as
can be seen in Table 7. Figure 5 shows the average ranges in
each index, considering the communicative modality. It can
be seen that the participants who used the total communica-
tion system obtained the highest scores, followed by those
who used oral language and those who used sign language.
The largest discrepancies between the average ranges oc-
curred in the receptive language index and the linguistic con-
tent index.

Table 7
Results of the Kruskal-Wallis's test in the tests related to lingnistic performance and ex-
ecutive functioning based on the communicative modality

Subtest CELF5 H )

Specific linguistic domains

Core language score 10.85 004+*
Receptive language index 14.76 001#+*
Expressive language index 9.43 .009#*
Linguistic content index 11.63 .003**
Executive functioning
Following directions 13.46 001%*
Word classes 8.87 012%
Recalling sentences 6.98 .030%
Formulation of sentences 7.08 .029%

*p < 05, 7p < 01

Comparison of the average ranges obtained by the hearing loss group in the subtests related to linguistic performance based on the communication modality

47,33

43,6
31,92
30,13
93 04

Receptive language index

42,57

32,17
9,9

Expressive language index

Average ranges

Core language score

®Oral language  ® Sign language

45,53

30,54
21,5

Linguistic content index

® Bimodal/Cued speech
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Table 7 also shows how statistically significant differ-
ences emerged according to the communicative modality
used in the 4 subtests of the CELF5, which assess not only
language skills but also executive functioning. As in the pre-
vious case, the highest scores in the 4 sub-tests were ob-
tained by the deaf children who used the total communica-
tion system.

Figure 6 displays the average ranges in each of the sub-
tests considering the communication modality used. As can
be seen, largest discrepancies in average ranges occurred in
the Following Instructions subtest, followed by Word Clas-
ses. The children who use the total communication modality

Figure 6

achieve followed by those using oral language and those who
used sign language. The highest scores were obtained in Fol-
lowing Directions and Word classes, both related to working
memory, attention, and cognitive flexibility. As mentioned
earlier, performance in Word classes is also linked to reason-
ing ability. It can also be observed that sign language and
oral language children scored very similarly on the related
words test. This test relates to working memory, cognitive
flexibility and reasoning, as mentioned above. In the remain-
ing subtests, children who use sign language tend to be the
least likely to score.

Comparison of the average ranges obtained by the hearing loss group in the subtests related to executive functioning based on the communication modality

46,47

30,41 )
0,6

Following directions

44,73

40,07

32,93
0,6

Recalling sentences

9,51
6,1

:

Average ranges

Word classes

m Oral language  m Sign language

Discussion

The results obtained in this study show that although deaf
children present linguistic and executive functioning skills
around the average, the differences with their hearing peers
are noticeable.

In relation to the results obtained in the main language
score and the three indices analysed (Receptive, Expressive,
and Linguistic content), deaf children ate performing below
the average level, showing statistically significant differences
from their hearing peers. Currently, some studies don't find
such differences, although comparisons are based on audito-
ry age rather than chronological age (Falcén-Gonzalez et al.,
2019). More recently, Socher & Ingo (2023), analysing syn-
tactic and grammatical complexity, found no differences be-
tween deaf and hearing individuals, although the sample
used was small.

In the Recalling sentences test, deaf children exhibit the
lowest performance. As previously described in the CELF5
(Wiig et al., 2017), this test involves most of the executive
functions required to complete the tasks proposed by the
test, including working memory, auditory attention, cognitive
flexibility, and inhibitory control.
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39,63

33,24
0,2

Formulated sentences

m Bimodal/Cued speech

In the subtests of Word classes and Following directions,
also linked to working memory and auditory attention,
scores are lower in deaf children. This might be due to their
reduced auditory attention during the tests, resulting in in-
creased effort and subsequently greater fatigue in processing
information and hearing (listening to heat'). Working
memory may be constrained when processing data with high
linguistic content, complex structures, unfamiliar words, etc.
These findings align with those of Ishida & Chung (2022),
who concluded that differences in verbal working memory in
deaf children are attributable to differences in language pro-
cessing, the phonological loop, and underlying linguistic abil-
ity.

Statistically significant differences were also found in
cognitive flexibility and inhibitory control between deaf chil-
dren and their hearing peers. Regarding cognitive flexibility,
differences could arise from a tendency to persevere on pat-
ticular items in the presented tasks. Reduced inhibitory con-
trol might be related to the observed inclination duting as-
sessment sessions to complete tasks rapidly, repeating
phrases before the examiner finished producing them.
Merchan et al. (2022) analysed inhibitory control differences
between deaf and hearing children, specifically, the ability to
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suppress interference. The results indicated that in deaf chil-
dren, receptive vocabulary level correlated negatively with in-
terference from distractors. Thus, this supports the thesis of
a relationship between language level and executive function
in deaf children.

As for their reasoning ability, differences between both
groups could be explained by their limited auditory experi-
ences, making it challenging for them to make inferences.
Consequently, reasoning based on their experiences is con-
strained. Additionally, as pointed out by Gonzalez-Cuenca et
al. (2022), it's not that deaf children learn less vocabulary; it's
different (semantic categories included).

Overall, from a neuropsychological interpretation of the
results, it could be considered that hearing loss affects both
linguistic abilities and executive functions. It seems to have a
comprehensive influence on cognitive processes (Kronen-
berger et al., 2014). In summary, as mentioned above, either
auditory deprivation or the associated language deprivation
could account for the differences observed when comparing
the executive functioning of deaf children with their hearing
peers. In this regard, Goodwin et al. (2022) found that the
age of language exposure predicted overall executive func-
tioning, as well as performance in working memory, plan-
ning and organisation. Therefore, Guerrero-Arenas et al
(2023) suggest that both neural reorganisation and cognitive
development may be compromised if the social conditions
for deaf children to learn to speak are not favourable.

Among the group of deaf children divided according to
their communication system, the results reflected that those
children using augmentative communication systems like
bimodal and cued speech achieved better outcomes in both
linguistic and executive functioning. These results align with
findings by Botting et al. (2017) and Kronenberger et al.
(2014), who consider the relationship between language and
executive function as interdependent, where language medi-
ates executive function performance. However, other au-
thors like Bavelier et al. (2000), Koo et al. (2008), and more
recently McFayden et al. (2023), analysing short-term
memory abilities, support the idea that lexical elements pro-
cessed in the visuospatial modality aren't retained as well as
information processed in the auditory channel. Therefore, it
would be interesting to assess working memory tasks with
visuospatial and non-auditory tests.

In this study, the results obtained in the main language
score and the three linguistic indices assessed through
CELFS5 reveal that deaf children using total communication
systems obtained the highest scores, followed by those using
oral language. The group of deaf children using sign lan-
guage achieved the lowest scores. These findings do not
align with results from some studies where no differences
were found in language levels among children with implants
before the age of 5 using oral language versus those using to-
tal communication (McDonald et al., 2000). Even when
comparing VAT, oral language, and total communication,
there are studies that find VAT to be the most effective sys-
tem regarding language development levels. Authors justified
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these results because the age of implantation was earlier in
this group, which also had a higher socioeconomic status
(Thomas & Zwolan, 2019). In the case of the participants
with hearing loss in our study, the placement of the implant
or hearing aid was done eatly in all cases, regardless of the
communication system used. While it's true that the sign lan-
guage group had a later implantation (around 31 months),
the total communication group had an eatly placement of
the prosthesis (around 11 months) and the children with oral
language, the average age of placement was 16 months.

The data obtained support that the stimulation of oral
language in deaf children should begin from the use of
communication systems with a grammatical and pragmatic
structure similar to that of oral language, as it would facilitate
the transition from one to the other. The chosen system
should be implemented eatly, at the time of suspicion of
hearing loss, even before placing the prosthesis.

Regarding executive functioning, the results also showed
statistically significant differences among the three commu-
nication modalities. The children using the total communica-
tion system obtained higher scores. Therefore, deaf children
who used the total communication modality performed bet-
ter in tasks involving memorization and auditory attention,
had greater impulse control, were capable of switching tasks
without perseverating, and had a better understanding of the
meaning of specific situations when constructing sentences.

On the other hand, results on the related words subtest
showed that children using sign language and oral language
performed similarly, much lower than children using total
communication systems. This suggests that they have more
difficulty with memorisation and repetition, as well as with
switching between semantic categories and extracting a
common concept from multiple terms and accessing cate-
gorical thinking.

The results obtained in relation to executive functions,
considering the communicative modality, could also be relat-
ed to auditory and linguistic deprivation. As just mentioned,
in the case of children using sign language, the age of diag-
nosis was around 31 months, while for those using oral lan-
guage (16 months) and total communication (11 months), it
was diagnosed eatlier. Therefore, children using sign lan-
guage (except for 2 who were native signers) experienced
considerable auditory and linguistic deprivation. Additional-
ly, according to Corina and Singleton (2009), the joint visual
attention skills necessary to foster socialization processes, as
well as inhibitory and attentional control, appear between 12
and 18 months. Thus, in the case of participants using sign
language, these factors could justify some of the deficiencies
at the executive level.

Lastly, it's important to note that the main limitations of
the study are related to the sample size of deaf children, es-
pecially those using sign language as a communication sys-
tem. It is hoped that in the future, the group sizes will be
balanced based on the communication modality, considering
the duration of exposure, the age of onset, and the involve-
ment of the family.
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In the future, it would be useful to determine whether
the deficit in executive functioning in deaf children who use
sign language is due to linguistic deptivation in addition to
auditory deprivation. To do this, a comparison could be
made between those who use sign language as their first lan-
guage and those who acquire it as a second language.

For language assessment, a standardized test was used,
which may be less flexible in assessment compared to if it
had been complemented with spontaneous speech samples.
In Spanish, standardised tests for the assessment of language
and cognitive skills in deaf children are scatrce. In particular,
the Award Neuropsychological Battery (Daza Gonzalez et
al., 2011) addresses this gap. This battery includes instruc-
tions in both oral and signed language to assess receptive vo-
cabulary, selective attention, visuospatial abilities, visual
memory, abstract reasoning, sequential processing and prax-
is.

In a recent paper on the assessment of language devel-
opment during the first six years in prelingually deaf chil-
dren, Lara Barba et al. (2023) highlight the lack of consensus
on the optimal assessment method based on the communi-
cative modality used. They conclude that more research is
needed on the use of standardized instruments for language
assessment in children who use sign language. Currently,
there are few tests adapted to the various communication
systems. In Spanish, the adaptation of the Communicative
Development Inventory to Spanish sign language
(Rodriguez-Ortiz et al., 2020) is noteworthy, as it provides
normative data for the deaf population.

In summary, studies aimed at improving and adapting as-
sessment tests for the deaf population are essential, consider-
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