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ABSTRACT

The aim of this contribution is to introduce the current situation regarding the assessment of
language development in children with cochlear implants (Cl) in Czechia. There is a lack of
unified methodology that would allow for reliable monitoring of spoken language development
in this population. As a result, information on the communicative development of Cl children is
insufficient, and the progress of individual cases is difficult to track. This article discusses
current practices in Czechia and illustrates some of the related issues and shortcomings
through qualitative pilot research, including a case study and interviews with parents and
speech therapists. We also report our own research programme which addresses language
development in Cl children, using the Czech adaptation of the MacArthur-Bates
Communicative Development Inventories that we adjusted for assessment of communication

specificities in children with cochlear implants.
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INTRODUCTION

A cochlear implant is a neuroprosthesis that replaces the function of damaged hearing cells
and mediates auditory perception by direct electrical stimulation of the undamaged auditory
nerve (Wilson & Dorman, 2008). This is different from hearing aids, which work by amplifying
sound using the remaining natural hearing. Since more than 95% of children with hearing
impairment are born into hearing families (Mitchell & Karchmer, 2004), further therapeutic

intervention is in most cases aimed at the development of spoken language. The benefits of
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cochlear implants for the development of spoken communication are indisputable, as
evidenced by many studies, although the specific language outcomes are characterized by
considerable variability, which is still not fully understood and is being researched (e.g. Tamati
et al.,, 2022). One factor that promotes the development of hearing-impaired children’s
communication skills, and cognitive and social development in general, is early exposure to
sign language (Pontecorvo, et al., 2023), even if the child’s parents are not native signers
(Caselli et al., 2021; Delcenserie, 2024). The development of communicative skills in sign
language, as well as the influence of early sign-language input on later speech development
are important aspects of both research and clinical practice in work with deaf or hard of hearing
children. However, this article specifically focuses on the assessment of communicative
development in spoken language.

According to data provided by the Institute of Health Information and Statistics (IHIS) of the
Czech Republic, a total of 231 individuals underwent cochlear implantation in the Czech
Republic in 2022; at implant centers in Prague, Brno, Ostrava and Hradec Kralové. Of these,
68 cases (i.e. about 30%) involved children under 6 years of age. One child underwent
bilateral’ implantation before their first birthday, and twenty-three children were implanted
during their second year of life (20 bilaterally and three unilaterally. Eighteen children were
implanted between the second and third year of age, (12 bilaterally and six unilaterally) and 11
between the third and fourth year (five bilaterally and six unilaterally). The size and composition
of the population of implanted children in the Czech Republic are illustrated in Figure 1, which

presents the number of implants in children up to six years of age, between 2013 and 2022.2

! Based on the IHIS data cited, it is unclear how many bilateral implantations were performed simultaneously
versus sequentially, or the timescales involved. The data only report the number of children who received
bilateral implants within a single year. We thank an anonymous reviewer for highlighting this ambiguity.

2 The graph is based on data provided by the IHIS, Czech Republic.
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Figure 1. Number of cochlear implantations in children under the age of six between 2013
and 2022. Data provided by the Institute of Health Information and Statistics of the Czech
Republic.

The implantation data indicate a clear trend toward initiating auditory compensation with this
neuroprosthesis at the earliest possible age. Following the introduction of nationwide newborn
hearing screening (Bulletin of the Ministry of Health of the Czech Republic No. 14/2021), based
on transiently evoked otoacoustic emissions (TEOAE), the number of children diagnosed with
hearing loss at an early age has increased substantially. It is considered optimal to follow the
1-3-6 diagnostic protocol: otoacoustic emissions should be reliably assessed by the end of the
first month of life, hearing thresholds should be determined by three months of age (using
methods such as BERA or SSEP), and hearing aids should be fitted by six months where
indicated. For various reasons, however, this protocol is not always fully implemented. If
hearing aids prove insufficient and cochlear implantation is being considered, the child (or
adult) must meet specific indication criteria. These criteria are assessed through
interdisciplinary collaboration and are described in more detail by, for example, Cerny (2020).
A speech-language therapist specializing in hearing impairment plays a key role in the care of
children who are candidates for implantation. Their role encompasses not only post-
implantation rehabilitation, but also pre-implantation intervention. Hearing aids should be fitted

prior to implantation in children with confirmed hearing loss. At this stage, the clinical speech-
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language therapist evaluates whether the child can develop spoken language on the basis of
residual hearing with the support of hearing aids alone. If spoken language development
without a cochlear implant appears unlikely, the therapist works (typically through play) on
strengthening the child’'s conditioned responses to auditory stimuli mediated by residual
hearing, where present. This skill is essential for subsequent implant programming, as the child
must learn to indicate what they hear and whether the sound level is comfortable.

It is the speech-language therapist specializing in hearing impairment who should be able to
professionally monitor the progress a child makes in language development over time with the
support of a cochlear implant. It is important to note that when a child is born with hearing loss
or loses hearing early in life, a discrepancy arises after implantation between chronological
age and so-called hearing age, which is typically calculated from the first activation of the
device.

However, international research demonstrates that a fetus with typically developing hearing
begins to process the acoustic properties of speech and non-speech stimuli with considerable
precision between 30 and 36 weeks of gestation (Starr et al., 1977; Lecanuet et al., 1986;
Daneshvarfard et al., 2019), if not earlier (Mahmoudzadeh et al., 2017). Individuals with intact
hearing are therefore exposed to the characteristics of their native language in utero. As a
result, even in the early neonatal period they are able not only to recognize their mother’s voice
(Mills & Meluish, 1974; DeCasper & Fifer, 1980), but also to discriminate at least some
phonemes of their native language (Urbanec et al., 2024) and to distinguish their native
language or language variety from a foreign language or language variety (Mehler et al., 1988;
Moon et al., 1993; Dvorakova et al., 2025). Prenatal auditory experience also appears to shape
early prelinguistic production, as reflected, for example, in differences in the prosodic patterns
of infant crying between some languages (Mampe et al., 2009; Wermke et al., 2016).

These findings suggest that the perceptual disadvantage faced by children with congenital
deafness has deeper developmental roots than might originally have been assumed. There
are strong grounds to propose that the advantage in language development associated with
auditory perception begins to emerge even before birth in children with typical hearing.

For this reason, careful attention must be paid to early hearing diagnosis and timely
intervention in order to minimize the gap between chronological age (i.e., time since birth) and
hearing age (i.e., time since activation of the hearing device). This enables the child to access
auditory input as early as possible and to establish appropriate neural connections. Kral &
Sharma (2012) demonstrated that, with regard to the plasticity of central auditory structures,
cochlear implantation is optimal when performed before two years of age. Additional studies
suggest that age at implantation may be one of the most significant predictors of spoken
language outcomes in children with cochlear implants, particularly in the domains of

vocabulary and grammar development (see, for example, Levine, 2016).
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Although hearing screening and diagnostic procedures conducted within paediatric care can
provide relatively reliable information about the degree and nature of hearing loss and the
potential for its compensation, monitoring the development of language and communication
skills represents a far more complex task. Hearing is, of course, a fundamental prerequisite for
the development of spoken language. In children with cochlear implants or hearing aids up to
approximately three years of age, auditory perception, responsiveness to sound, and
prelinguistic vocal development can be assessed to some extent using standardized rating
scales and parent-report questionnaires, several of which are available in Czech. These
include the Integrated Scales of Development (ISD) developed by Cochlear, IT-MAIS
developed by Advanced Bionics, LittlEars developed by MED-EL, and the NAMES protocol

developed within the Nottingham Auditory Implant Programme. A brief description of these

instruments is provided in Table 1.

Instrument | Age Charcteristics Scoring Evaluation
ISD 0-48 months of 6 categories of Percentually (0-100 Interpreted according
hearing age monitored behaviour, | %) to normative data from
each with varying the hearing
number of population; 100%
subdomains corresponds to typical
performance at 36—48
months
IT-MAIS <3 years of 10 items 1-4 points based on Total score converted
chronological age frequency of to a percentage
described behaviour according to hearing
age
LittlEars <2 years of hearing | 35 questions Yes/No responses Interpreted according
age to normative data from
the hearing population
NAMES 3 years post- 5 milestones, each Scored on a 0-2 scale | Enables longitudinal
implantation including 10 based on the tracking of an
(particularly children | evaluated frequency of observed | individual child’s
implanted before 2 | phenomena behaviour progress; not norm-
years of age) referenced

Table 1. Brief characteristics of questionnaire-based instruments that are available in Czech
and that are used to assess the level of auditory perception and related behaviours in

children with cochlear implants.
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Although primarily designed to assess auditory perception in children with cochlear implants,
these questionnaire-based tools are also used to evaluate hearing aid benefit. In such cases,
the results can indicate the adequacy of the current amplification system and inform decisions
regarding cochlear implantation (Cerny, 2020). It should be emphasized, however, that these
instruments focus exclusively on the development of sound perception and do not allow for
detailed monitoring of language acquisition. Auditory perception and its development, which
are the main targets of these monitoring questionnaires, are essential prerequisites for the
acquisition of spoken language. While these tools can support the observation of early
communication skills, their assessment of language itself remains rather superficial.

Moreover, a survey by Horakova (2017) across institutions involved in the care of children with
hearing impairments (including cochlear implant centers, special education facilities, early
intervention programs, and clinical speech therapy clinics) indicates that these tools have not
yet become fully established in Czech practice. Among the instruments surveyed, the
Integrated Development Scales (ISD) appear to be the most widely used: of sixty experts
contacted, twenty-eight reported using ISD in their work. Given the characteristics of the
sample, many of these respondents were likely professionals at the Tamtam Centre for
Children’s Hearing. This centre has long used its own adaptation of the ISD, which, in addition
to standard categories related to auditory perception and spoken language (auditory
perception, receptive and expressive language, verbal expression, cognitive abilities, and
social communication), also includes categories addressing the perception and production of
sign language. The results of the ISD can be presented graphically (see Figure 2), in a clear
and engaging format that is accessible to parents, helping to motivate and guide their
interactions with the child. However, the validity and reliability of this tool remain somewhat
uncertain. that is, the extent to which it accurately measures a child's specific abilities.
Consequently, although the results can serve a motivational and informative role, they do not

provide a detailed or comprehensive assessment of language development.

One of the possible ways of reporting the findings from the Integrated Developmental Scales
is illustrated in Figure 2, drawn from the case study of the boy R described below. The plot is
an output from the early care intervention at the Tamtam Centre for Children’s Hearing. For
each domain assessed and at each month after implantation, three points are plotted: one for
biological age (i.e., the child’s chronological age), one for hearing age (chronological age
minus the age at which the cochlear implant was activated), and one for developmental age
based on the child’s performance in the relevant communication-related category (an
integration of criteria from eight different measures). Points for each of the three ages are
connected to form a curve. ldeally, the curve representing the child’s current level should be

as close as possible to the curve corresponding to their biological age. As shown in the plot,
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this child even exceeded his biological age in some areas, particularly in the linguistic aspects
of speech, while in sign language he lagged behind, which naturally reflects the family’s focus
on spoken language development; signing was used primarily to support early communication

and was gradually abandoned once speech emerged.
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Figure 2: Attested output from measurements using Integrated Developmental Scales.
Adapted from a report that was kindly provided by a parent of a cochlear-implanted child.

In Horakova’s (2017) survey, only four of sixty respondents reported using the LittleEars tool,
and four used IT-MAIS. The NAMES was adapted for the Czech Republic by Drahotska (2020);
prior to this adaptation, no Czech version was available, and consequently, there are no data
on its frequency of use in practice. Horakova (2017) also found that speech therapists assess
the benefits and basic functioning of cochlear implants in young children using less
comprehensive methods, such as the Ling Six Sounds Test, which tests the discrimination and
identification of six phonemically distinct sounds: /a/, /i/, /u/, Im/, /[l and /s/. However, this quick
screening test evaluates only auditory perception and is influenced by the device settings and
current functionality; it does not measure language development. The Nottingham scale (CAP)
operates similarly, providing only a tentative estimation of general perceptual abilities across
eight levels, from failure to detect ambient sounds to using the telephone. Therefore, the
Horakova (2017) survey suggests that when evaluating language development and progress,
speech therapists tend to rely on observations of children’s behaviour in the clinic and on
information obtained from parent interviews during visits.

CASE STUDY
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To provide an example of how a diagnostic process may unfold, we describe a concise
summary of the case study of a boy, R, conducted as part of our own qualitative pilot study.
The course of the child’s primary diagnostic history is illustrated in Figure 3.

The boy, R., was born at full term via spontaneous vaginal delivery, without complications.
There was no family history of hearing impairment or other disabilities. Measurements in the
hospital indicated absent auditory emissions, which represents one of the risk factors for
hearing impairment. After several unsuccessful attempts in the following months, a successful
follow-up was performed at five months of age, yielding normal results. This initially alleviated
the parents’ concerns, which however re-emerged around the child’s first year when the
parents noticed that they child was not producing words spontaneously and did not respond
appropriately to auditory stimuli.

Following these observations, the child’s hearing was reassessed using TOAE at 14 months,
and later via steady-state evoked potentials (SSEPs), which definitively confirmed binaural
perceptual hearing loss at the level of severe to profound deafness at 16 months. The boy was
subsequently listed as a candidate for cochlear implantation and underwent auditory
stimulation with hearing aids under the guidance of a speech therapist. According to the boy’s
mother, the hearing aids supported some vocabulary development, which made her hesitant
to decide whether to proceed with implantation.

As part of the speech therapy evaluations, which are included in the implantation criteria, no
formal assessment of language development was conducted to guide parental decision-
making. The parents hesitated for some time and were ultimately persuaded to proceed with
implantation following the results of visually enhanced audiometry (VPA) conducted at the
Tamtam Centre when the child was 20 months old. Bilateral implantation was performed after
final brainstem evoked potential (BERA) testing at 24 months.

The mother reports that no formal evaluation of language development took place at the
speech therapy clinic within the implantation centre following the procedure, an experience
she rated rather negatively. An independent interview with a speech therapist from the clinic
confirmed that standardized tools were not used there. Parents did, however, maintain a partial
overview of their child’s communication development through regular assessments using
developmental scales at the Tamtam Centre, which indicated a noticeable acceleration in

language acquisition within a year after implantation.
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Figure 3: History of hearing assessment and language development in boy R.

Due to the lack of systematic use of formalized methods, no reliable quantitative data are
currently available in the Czech Republic on the progress of language acquisition in children
with cochlear implants, its developmental trajectory, inter-individual variability, or the factors
that may influence it. Research on this population has not yet been a focus for Czech-based
linguists or psychologists, aside from qualitative assessments of selected linguistic aspects in
individual cases (e.g., Jungwirthova, 2009; Baslova, 2023). Based on our current
understanding, we identify four main reasons for the absence of such research: (1) the
population in question is both very small and highly sensitive; (2) this population is also highly
heterogeneous, with numerous factors influencing the development of each child — hence, in
terms of assessment, it has been referred to as a “constantly moving target” (Geers, 2006;
Gillis, 2018); (3) until recently, quantitative research has not been strongly established in
Czech speech therapy practice; and (4) the workload of practicing speech therapists,
combined with the demands of the profession, is in most cases incompatible with systematic
research activities.

The findings of our recent qualitative study suggest that time pressure is one of the reasons
for why a comprehensive monitoring of language skills in CI children is not routinely integrated
into speech therapy practice. This issue, which pertains to language diagnostics in clinical
speech therapy more broadly, is reflected in Neubauer (2018) who claims that materials
derived from more comprehensive linguistic assessments are not effectively usable in practice

due to time constraints.
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However, several additional factors appear to contribute. The experts we consulted also noted
a certain distrust in the reliability of available tools, particularly those that depend on the child’s
direct cooperation in the speech therapy clinic, a setting in which the child may behave
atypically due to situational factors such as mood, shyness, or fatigue. Our respondents also
considered simpler parent-report questionnaires to be overly subjective, with results that are
difficult to verify from a clinical perspective. It should be noted, however, that standardized
instruments, such as the Czech adaptations of MacArthur-Bates Communicative Development
Inventories, possess high validity and reliability, and their results provide meaningful

information about the child’s communication development relative to neurotypical norms.

This topic raises numerous questions and challenges. We argue that understanding the
patterns of language development in children with cochlear implants is in the interest of all
stakeholders, in addition to the children themselves, including: (1) parents, who naturally wish
to monitor their child’s development over time, particularly when they invest substantial time
and effort in rehabilitation; (2) clinical professionals, for whom comparing a child’s development
with that of the broader population can help identify potential delays or difficulties; and (3) the
scientific community, who aim to characterize language development in Czech-speaking
implanted children and thus enrich the current knowledge base. These considerations raise
the question of how to establish effective interdisciplinary collaboration to generate knowledge
that is both comprehensive and practically applicable. In the Czech Republic, care for children
with hearing impairments is distributed across three ministries: the Ministry of Health, the
Ministry of Labour and Social Affairs, and the Ministry of Education. This situation further
prompts the question of whether a more unified methodology should be developed to enable

the objectives outlined above.

DISCUSSION

Longitudinal data on language development in children with cochlear implants are currently
being collected as part of the first author’s dissertation project, at the Faculty of Arts of Charles
University and the Czech Academy of Sciences, Institute of Psychology. The ongoing study
aims to provide the first quantitative description of vocabulary and grammar development in
Czech-speaking children with cochlear implants, limited to those with a hearing age of 36
months or less and a biological age of seven years or younger. To reduce variability, the study
focuses on children of hearing parents without additional disabilities.

Questionnaires are distributed through the Tamtam Center and all special education centres
for children with hearing impairments listed in the Catalogue of Support Measures were also
contacted. For this initial survey, we chose to use existing instruments: the Czech adaptations

of the MacArthur-Bates Communicative Development Inventories (MB-CDI) (Fenson et al.,
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1993; Jaruskova et al., 2024; Paillereau et al., 2023; Smolik et al., 2017). These are Dovyko |
(MB-CDI: Words and Gestures), which primarily assesses language comprehension and
includes norms for children aged 8 to 18 months, and Dovyko Il (MB-CDI: Words and
Sentences), which focuses on word production and the use of basic grammatical constructions
in children aged 16 to 30 months.

Research indicates that early vocabulary size is a strong predictor of later language
competence (Lee, 2011; Duff et al., 2015); accordingly, vocabulary questionnaires are
considered highly relevant tools that can also help identify developmental risks. We selected
these instruments for our target population based on validation studies by Stallings et al. (2002)
and Thal et al. (2007), which demonstrated their suitability for assessing vocabulary in children
with cochlear implants.

Additionally, we supplemented the word checklist (the main and most comprehensive
component of both questionnaires) with an option to indicate whether the child also uses a
sign-language gesture for a given concept. It is important to emphasize that no diagnostic tools
or normative data exist for Czech Sign Language development, and our adaptation is therefore
relatively basic, allowing rather superficial monitoring of competence in Czech Sign Language.
Nonetheless, this represents the first attempt to map the extent to which Czech parents use

these (albeit isolated) signs to support early communication development.

CONCLUSION

Children whose hearing loss is compensated by cochlear implants represent a highly specific
population, whose language development exhibits considerable variability that remains
insufficiently understood. In the Czech context, quantitative studies on language development
in hearing-impaired children are lacking, as are reliable and valid tools for assessing their
language development. Consequently, no uniform methodology exists that would enable
practitioners to systematically record, evaluate, and compare developmental progress. The
goal of our research programme is not only to describe spoken language development in
hearing-impaired children with Cls, but also to motivate the identification and implementation
of necessary adjustments in therapeutic strategies for individual children, particularly when

other approaches fail to yield developmental progress.

Acknowledgement:

This work was supported by the grant “Beyond Security: Role of Conflict in Resilience-
Building”, reg. no.: CZ.02.01.01/00/22_008/0004595.

The authors thank Radka Horakova, Ph.D. for her insightful comments to a previous version

of the article.


https://doi.org/10.36833/lkl.2025.015

Original article available here: https://doi.org/10.36833/1kl.2025.015

REFERENCES

1.

10.

11.

BASLOVA, M. (2023). Vyvoj jazyka a komunikace ditéte po kochlearni implantaci se
zamérenim na morfosyntaktickou rovinu jazyka [diplomova prace]. Univerzita Karlova,
Filozoficka fakulta, Ustav &eského jazyka a teorie komunikace. Dostupné z:
http://hdl.handle.net/20.500.11956/184786

CASELLI, N., PYERS, J., & LIEBERMAN, A.M. (2021). Deaf children of hearing
parents have age-level vocabulary growth when exposed to ASL by six-months. The
Journal of Pediatrics, 232, 229.

CERNY, L. (2020). Indikace kochlearnich implantaci. Listy klinické logopedie, 4(2), 13—
15. https://doi.org/10.36833/1kl.2020.031

DANESHVARFARD, F., ABRISHAMI MOGHADDAM, H., DEHAENE-LAMBERTZ, G.,
KONGOLO, G., WALLOQOIS, F., & MAHMOUDZADEH, M. (2019). Neurodevelopment

and asymmetry of auditory-related responses to repetitive syllabic stimuli in preterm

neonates based on frequency-domain analysis. Scientific Reports, 9(1), 10654.
DELCENSERIE, A., GENESEE, F., & CHAMPOUX, F. (2024). Exposure to sign
language prior and after cochlear implantation increases language and cognitive skills
in deaf children. Developmental Science, 27(4), €13481.
https://doi.org/10.1111/desc.13481

DECASPER, A.J., & FIFER, W.P. (1980). Of human bonding: newborns prefer their
mothers’ voices. Science, 208(4448), 1174-1176.
https://doi.org/10.1126/science.7375928

DRAHOTSKA, K. (2020). Hodnoceni vyvoje sluchového vnimani a reéi u déti po

kochlearni implantaci [diplomova prace]. Masarykova univerzita, Pedagogicka fakulta.
DUFF, F.J., REEN, G., PLUNKETT, K., & NATION, K. (2015). Do infant vocabulary
skills predict school-age language and literacy outcomes? Journal of Child Psychology
and Psychiatry, 56(8), 848—856. https://doi.org/10.1111/jcpp.12378

DVORAKOVA, M., KIKOTOVA, N., URBANEC, J., GOETZ, A., & CHLADKOVA, K.
(2025). Detecting foreign rhythm in native-language speech at birth. Preprint at
PsyArXiv. https://doi.org/10.31234/osf.io/irm32 v3

FENSON, L., DALE, P.S., REZNICK, J. S., THAL, D., BATES, E., HARTUNG, J.P.,
PETHICK, S., & REILLY, J.S. (1993). The MacArthur communicative development
inventories: User’s guide and technical manual. Singular.

FITZPATRICK, E. M., HAMEL, C., STEVENS, A., PRATT, M., MOHER, D., DOUCET,
S.P., NEUSS, D., BERNSTEIN, A., & NA, E. (2016). Sign language and spoken



https://doi.org/10.36833/lkl.2025.015
http://hdl.handle.net/20.500.11956/184786
http://hdl.handle.net/20.500.11956/184786
http://hdl.handle.net/20.500.11956/184786
https://doi.org/10.1111/desc.13481
https://doi.org/10.1111/desc.13481
https://doi.org/10.1111/desc.13481
https://doi.org/10.1126/science.7375928
https://doi.org/10.1126/science.7375928
https://doi.org/10.1126/science.7375928
https://doi.org/10.1111/jcpp.12378
https://doi.org/10.1111/jcpp.12378
https://doi.org/10.31234/osf.io/jrm32_v3
https://doi.org/10.31234/osf.io/jrm32_v3

Original article available here: https://doi.org/10.36833/1kl.2025.015

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

language for children with hearing loss: A systematic review. Pediatrics, 137(1),
Article e20151974. https://doi.org/10.1542/peds.2015-1974
GEERS, A.E. (2006). Spoken Language in Children With Cochlear Implants. In P. E.

Spencer & M. Marschark (Eds.), Advances in the spoken language development of

deaf and hard-of-hearing children (pp. 244—270). Oxford University Press.

GEERS, A.E., MITCHELL, C. M., WARNER-CZYZ, A., WANG, N.Y., EISENBERG,
L.S., & CDaCl Investigative Team (2017). Early Sign Language Exposure and
Cochlear Implantation Benefits. Pediatrics, 140(1), €20163489.
https://doi.org/10.1542/peds.2016-3489

GILLIS, S. (2018). Speech and language in congenitally deaf children with a cochlear

implant. In Handbook  of @ Communication  Disorders  (pp.765-792).
doi:10.1515/9781614514909-038

GIRAUD, A.L., & LEE, H. J. (2007). Predicting cochlear implant outcome from brain
organisation in the deaf. Restorative Neurology and Neuroscience, 25(3—4), 381-3.
GOODWIN, C., & LILLO-MARTIN, D. (2023). Deaf and Hearing American Sign
Language—English Bilinguals: Typical Bilingual Language Development. The Journal
of Deaf Studies and Deaf Education, 28(4), 350-362.
https://doi.org/10.1093/deafed/enad026

GUERZONI, L., MURRI, A., FABRIZI, E., NICASTRI, M., MANCINI, P., & CUDA, D.
(2016). Social conversational skills development in early implanted children. The
Laryngoscope, 126(9), 2098-2105. https://doi.org/10.1002/lary.25809

Horakova, R. (2017). sluchové vnimani déti raného véku s postizenim sluchu: funkéni

hodnoceni. Masarykova univerzita.

JARUSKOVA, L., SLOUPOVA, T., SMOLIK, F., CHLADKOVA, K., OCELAKOVA, Z.,
& PAILLEREAU, N. (2024). Developing Dovyko I: The Czech adaptation of the
MacArthur-Bates ~ communicative  development  inventory.  Ceskoslovenska
psychologie, 68(2), 174—185.

Jungwirthova, I. (2009). Jak komunikovat s malym ditétem s téZkou sluchovou vadou.
In J. MOTEJZIKOVA (Ed.), Kochlearni implantéty: rady a zku$enosti (s. 31-51).
Federace rodicl a pratel sluchové postizenych. ISBN 978-80-86792-23-1

KRAL, A., & SHARMA, A. (2012). Developmental neuroplasticity after cochlear
implantation. Trends in Neurosciences, 35(2), 111-122.
https://doi.org/10.1016/j.tins.2011.09.004

LECANUET, J.-P., GRANIER-DEFERRE, C., COHEN, H., LE HOUEZEC, R., &
BUSNEL, M.-C. (1986). Fetal responses to acoustic stimulation depend on heart rate

variability pattern, stimulus intensity and repetition. Early Human Development, 13(3),
269-283. https://doi.org/10.1016/0378-3782(86)90061-7



https://doi.org/10.36833/lkl.2025.015
https://doi.org/10.1542/peds.2015-1974
https://doi.org/10.1542/peds.2015-1974
https://doi.org/10.1542/peds.2016-3489
https://doi.org/10.1542/peds.2016-3489
https://doi.org/10.1542/peds.2016-3489
https://doi.org/10.1093/deafed/enad026
https://doi.org/10.1093/deafed/enad026
https://doi.org/10.1093/deafed/enad026
https://doi.org/10.1002/lary.25809
https://doi.org/10.1002/lary.25809
https://doi.org/10.1016/j.tins.2011.09.004
https://doi.org/10.1016/j.tins.2011.09.004
https://doi.org/10.1016/j.tins.2011.09.004
https://doi.org/10.1016/0378-3782(86)90061-7
https://doi.org/10.1016/0378-3782(86)90061-7

Original article available here: https://doi.org/10.36833/1kl.2025.015

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

LEE, J. (2011). Size matters: Early vocabulary as a predictor of language and literacy
competence. Applied Psycholinguistics, 32(1), 69-92.
https://doi.org/10.1017/S0142716410000299

LEVINE, D., STROTHER-GARCIA, K., GOLINKOFF, R.M., & HIRSH-PASEK, K.
(2016). Language Development in the First Year of Life: What Deaf Children Might Be
Missing Before Cochlear Implantation. Otology & Neurotology, 37(2), €56—e62.
https://doi.org/10.1097/MAO.0000000000000908

MAHMOUDZADEH, M., WALLOIS, F., KONGOLO, G., GOUDJIL, S., &
DEHAENE-LAMBERTZ, G. (2017). Functional Maps at the Onset of Auditory Inputs in
Very Early Preterm Human Neonates. Cerebral Cortex, 27(4), 2500-2512.
https://doi.org/10.1093/cercor/bhw103

MAMPE, B., FRIEDERICI, A.D., CHRISTOPHE, A., & WERMKE, K. (2009).
Newborns’ cry melody is shaped by their native language. Current Biology, 19(23),
1994-1997. https://doi.org/10.1016/j.cub.2009.09.064

MEHLER, J., JUSCZYK, P., LAMBERTZ, G., HALSTED, N., BERTONCINI, J., &
AMIEL-TISON, C. (1988). A precursor of language acquisition in young infants.
Cognition, 29(2), 143-178. https://doi.org/10.1016/0010-0277(88)90035-2

MILLS, M., & MELHUISH, E. (1974). Recognition of mother’s voice in early infancy.
Nature, 252(5479), 123-124. https://doi.org/10.1038/252123a0

MITCHELL, R.E., & KARCHMER, M. A. (2004). Chasing the Mythical Ten Percent:
Parental Hearing Status of Deaf and Hard of Hearing Students in the United States.
Sign Language Studies, 4, 138-168. https://doi.org/10.1353/sls.2004.0005

MOON, C., COOPER, R.P., & FIFER, W. P. (1993). Two-day-olds prefer their native
language. Infant Behavior and Development, 16, 495-500.
https://doi.org/10.1016/0163-6383(93)80007-U

MINISTERSTVO ZDRAVOTNICTVi CR. (2021). Metodicky pokyn k provadéni
screeningu sluchu novorozencl. Véstnik Ministerstva zdravotnictvi Ceské republiky,
14, 30-36.

NEUBAUER, K. (2018). Diagnostika, terapie a prevence poruch komunikace v klinické

logopedii. In K. NEUBAUER (Ed.), Kompendium klinické logopedie: diagnostika a
terapie poruch komunikace (s. 65-119). Portal.

PAILLEREAU, N., SMOLIK, F., SLOUPOVA, T., CHLADKOVA, K., JARUSKOVA, L.,
FIALOVA, T., DVORAKOVA, B., OCELAKOVA, Z., UNGROVA, V., KYNCLOVA, K.,
PESEK, J., & KADAVA, S. (2023). Dovyko | a Dovyko Il — Dotazniky pro screening
Jjazykového vyvoje u déti od 8 do 30 mésici: pfirucka a normy. Dostupné z:

https://www.dovyko.cz/manual-a-normyk-dotaznikum-dovyko-i-a-ii/



https://doi.org/10.36833/lkl.2025.015
https://doi.org/10.1017/S0142716410000299
https://doi.org/10.1017/S0142716410000299
https://doi.org/10.1017/S0142716410000299
https://doi.org/10.1097/MAO.0000000000000908
https://doi.org/10.1097/MAO.0000000000000908
https://doi.org/10.1097/MAO.0000000000000908
https://doi.org/10.1093/cercor/bhw103
https://doi.org/10.1093/cercor/bhw103
https://doi.org/10.1093/cercor/bhw103
https://doi.org/10.1016/0010-0277(88)90035-2
https://doi.org/10.1016/0010-0277(88)90035-2
https://doi.org/10.1038/252123a0
https://doi.org/10.1038/252123a0
https://doi.org/10.1353/sls.2004.0005
https://doi.org/10.1353/sls.2004.0005
https://www.dovyko.cz/manual-a-normyk-dotaznikum-dovyko-i-a-ii/
https://www.dovyko.cz/manual-a-normyk-dotaznikum-dovyko-i-a-ii/
https://www.dovyko.cz/manual-a-normyk-dotaznikum-dovyko-i-a-ii/

Original article available here: https://doi.org/10.36833/1kl.2025.015

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

PONTECORVO, E., HIGGINS, M., MORA, J., LIEBERMAN, A.M., PYERS, J., &
CASELLI, N. K. (2023). Learning a Sign Language Does Not Hinder Acquisition of a
Spoken Language. Journal of Speech, Language, and Hearing Research, 66(4), 1291—
1308. https://doi.org/10.1044/2022 JSLHR-22-00505

SMOLIK, F., TURKOVA, J., MARUSINCOVA, K., & MALECHOVA, V. (2017). Dotaznik

vyvoje komunikace Il. Dovyko Il. Dotaznik pro diagnostiku jazykového vyvoje ve

vékovém rozmezi 16 az 30 mésicu: prirucka a normy. Univerzita Karlova, Filozoficka
fakulta.

STALLINGS, L.M., GAO, S., & SVIRSKY, M.A. (2002). Assessing the language
abilities of pediatric cochlear implant users across a broad range of ages and
performance abilities. The Volta Review, 102(4), 215-235.

STARR, A., AMLIE, R.N., MARTIN, W. H., & SANDERS, S. (1977). Development of
auditory function in newborn infants revealed by auditory brainstem potentials.
Pediatrics, 60(6), 831-839.

TAMATI, T.N., PISONI, D.B., & MOBERLY, A.C. (2022). Speech and Language
Outcomes in Adults and Children with Cochlear Implants. Annual Review of Linguistics,
8, 299-319.

THAL, D., DESJARDIN, J.L., & EISENBERG, L.S. (2007). Validity of the
MacArthur-Bates Communicative Development Inventories for measuring language
abilities in children with cochlear implants. American Journal of Speech-Language
Pathology, 16(1), 54—64. https://doi.org/10.1044/1058-0360(2007/007)

UNIVERZITA PALACKEHO V OLOMOUCI. Sluchové postizeni nebo oslabeni
sluchového vnimani [online]. Katalog podplrnych opatfeni, Olomouc: Univerzita
Palackého % Olomouci, [cit. 30. 7. 2025]. Dostupné Z
http://katalogpo.upol.cz/sluchove-postizeni-nebo-oslabeni-sluchoveho-vnimani/
URBANEC, J., CHLADKOVA, K., & KREMLACEK, J. (2024). Neural processing of

speech sounds at premature and term birth: ERPs and MMR between 32 and 42 weeks

of gestation. Developmental Cognitive Neuroscience, 70, 101444.

WERMKE, K., TEISER, J., YOVSI, E., KOHLENBERG, P. J., WERMKE, P., ROBB, M.,
etal. (2016). Fundamental frequency variation within neonatal crying: does ambient
language matter?  Speech, Language and Hearing, 19, 211-217.
https://doi.org/10.1080/2050571X.2016.1187903

WILSON, B.S., & DORMAN, M.F. (2008). Cochlear implants: current designs and
future possibilities. Journal of Rehabilitation Research and Development, 45(5), 695—
730. https://doi.org/10.1682/jrrd.2007.10.0173



https://doi.org/10.36833/lkl.2025.015
https://doi.org/10.1044/2022_JSLHR-22-00505
https://doi.org/10.1044/2022_JSLHR-22-00505
https://doi.org/10.1044/1058-0360(2007/007)
https://doi.org/10.1044/1058-0360(2007/007)
http://katalogpo.upol.cz/sluchove-postizeni-nebo-oslabeni-sluchoveho-vnimani/
https://doi.org/10.1682/jrrd.2007.10.0173
https://doi.org/10.1682/jrrd.2007.10.0173

