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Implementation of assistive technologies for rehabilitation
of children with hearing impairments

Abstract

Relevance. Hearing impairments in children negatively affect speech development, cognitive functions, learning
and social adaptation, whereas the use of assistive technologies helps compensate for sensory deficits, improve
speech perception and promote the child’s more effective integration into educational and social environments.
Aim: To analysed recent scientific publications on assistive technologies for the rehabilitation of children with
hearing impairments, with a focus on the effectiveness of their use in children with cochlear implants.
Materials and methods. A systematic literature review was conducted in accordance with the PRISMA 2020
guidelines, with the research question formulated using the PICO framework. Clearly defined inclusion criteria
and a standardised search strategy were applied across PubMed, Scopus, and Web of Science databases covering
the period from 2010 to 2025.

Results. The analysis of 21 selected studies demonstrated that the use of assistive technologies is associated
with improved speech perception, reduced negative effects of background noise, and increased academic
engagement among children. The most pronounced effect was observed with the combined use of hearing
aids or cochlear implant systems together with signal enhancement technologies (FM systems, induction
loop systems), which improve the signal-to-noise ratio in challenging acoustic environments. The integration
of multiple technological solutions contributes to individualised rehabilitation and enhances its functional
effectiveness.

Conclusions. Technological rehabilitation is a relevant and effective method for supporting patients with
sensorineural hearing loss, ensuring restoration or improvement of sound and speech perception through
hearing aids, cochlear implants, and sound amplification systems. The integration of assistive communication

Suggested Citation:
Marushko Yu, Kondratenko [, Khomych O, Khodakivska S. Implementation of assistive technologies for rehabilitation of children
with hearing impairments. Med Sci Ukr. 2026;22(2):133-143. DOI: https://doi.org/10.32345/2664-4738.2.2026.14

*Corresponding author (khomychov@gmail.com)

Copyright © The Author(s). This is an open access article distributed under the terms of the

Creative Commons Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/)


http://khomychov@gmail.com
https://orcid.org/0000-0001-8066-9369
https://orcid.org/0009-0003-6261-7567
https://orcid.org/0000-0001-9272-7159
https://orcid.org/0000-0002-0082-6561
https://nmuofficial.com/zhurnal-medychna-nauka-ukrayiny/ 

IPAEDIATRICS

I Implementation of assistive technologies for rehabilitation of children with hearing impairments

technologies enables children with hearing impairments to participate more actively in the educational
process, social interactions, and daily life, thereby improving their quality of life and psychosocial well-being.
The practical significance of the results lies in substantiating the early individualised use of assistive technologies
in the rehabilitation of children with hearing impairments.

Keywords: assistive technologies; FM systems; hearing aids; cochlear implant; hearing impairment; rehabilitation

intervention; paediatric patients; speech recognition.

INTRODUCTION

Hearing impairment in childhood remains a major
medical and social concern, with a substantial impact
on child development, including speech and language
acquisition, cognitive function, communication skills,
and social adaptation. The timely identification of
hearing disorders and the implementation of contem-
porary rehabilitation approaches are essential for en-
suring the optimal development of paediatric patients
and improving their quality of life. Advances in early
diagnostic methods, together with the use of assistive
technologies, hearing aids, cochlear implants, and com-
prehensive rehabilitation interventions, have expanded
the opportunities to support children with hearing im-
pairment. At the same time, these developments high-
light the need for further investigation into the effec-
tiveness of modern rehabilitation strategies.

Between 1990 and 2021, the global prevalence
of hearing impairment among children across differ-
ent age groups increased steadily. According to the
Global Burden of Disease Study 2021, approximately
97.83 million children and adolescents under the age
of 20 were living with hearing impairment of varying
severity in 2021, with significant long-term conse-
quences for their physical, cognitive, and psychosocial
development. Between 1990 and 2021, the number
of children affected by hearing impairment increased
from approximately 79.9 million to 97.8 million, while
the prevalence rate per 100,000 population rose from
3,537 to 3,711. These findings indicate a substantial in-
crease in the scale of the problem and emphasise the
need for greater attention to the prevention, early diag-
nosis, and rehabilitation of hearing impairment among
children and adolescents worldwide [1].

According to estimates by the World Health Or-
ganisation (WHO), more than 1.5 billion people world-
wide experience some degree of hearing impairment.
Approximately 430 million of these individuals have
disabling hearing loss, a condition that significantly
limits everyday communication and requires special-
ised treatment and rehabilitation. This number is ex-
pected to continue increasing by 2050 [2]. According
to the project report of The BEARR Trust, approx-
imately 30,600 people in Ukraine were living with
hearing impairment as of 2025 [3]. The same report
indicates that the global prevalence of clinically signif-
icant hearing impairment among newborns is approx-
imately 1-3 cases per 1,000 live births, making it one
of the most common congenital conditions detected
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through universal newborn hearing screening in the
first days of life. In Ukraine, analyses of regional audi-
ological screening programmes indicate a prevalence
of approximately one case per 2,000 newborns. How-
ever, around 40% of cases remain undiagnosed until
after the child reaches six months of age, substantially
delaying timely intervention and rehabilitation. These
findings were obtained during the 2023 assessment
of newborn hearing screening programmes conduct-
ed across 16 regions of Ukraine [4]. Consequently, in
2025, the Ministry of Health of Ukraine approved a
new regulation, “On Approval of the Procedure for the
Provision of Medical Care for the Organisation of Hear-
ing Screening and Diagnosis of Hearing Impairment
in Children”, which establishes the organisational and
methodological framework for hearing screening, in-
cluding screening stages, risk assessment criteria for
hearing loss, and standards for audiological assess-
ment in children up to six years of age [5].

Furthermore, according to O. Kuzenko et al. [6] and
]J. Wang et al. [7], approximately 15-17% of school-aged
children exhibit some degree of hearing impairment,
ranging from mild to moderate forms that may adverse-
ly affect academic achievement and social adaptation.
Hearing impairment during the school years is often
gradual or subclinical, making timely detection through
routine medical examinations more challenging. At the
same time, this period is critical for the development
of cognitive, linguistic, and socio-communicative skills;
therefore, even mild hearing loss may have cumulative
adverse effects on learning, behaviour, and the child’s
emotional and psychological development. These find-
ings highlight the need for continuous audiological
monitoring not only during the neonatal period but
throughout childhood and adolescence, with particular
attention to school-aged children. In particular, the sys-
tematic review by J. Wang et al. [7] demonstrated the
increasing prevalence of hearing impairment among
children and emphasised the importance of early de-
tection and comprehensive rehabilitation. Similarly, the
systematic review by R.S. Melo et al. [8] reported pos-
itive effects of rehabilitation programmes on balance
and functional performance in children with sensori-
neural hearing loss.

According to the Ministry of Health of Ukraine and
the WHO, approximately 40,000 people in Ukraine live
with a disability related to hearing impairment. Among
pupils attending different types of general secondary



schools, around one-fifth are children with hearing
loss or deafness, highlighting the need to provide spe-
cialised conditions for education, communication, and
rehabilitation [2, 6]. Hearing impairment is one of the
most common developmental disorders identified in
newborns. In approximately 85% of cases, hearing
loss is congenital or develops during the first one to
two years of life, that is, during the pre-linguistic pe-
riod and the earliest stages of speech and language
development, which are critical for subsequent cogni-
tive, linguistic, and social development. According to
published evidence, up to 80% of hearing impairment
cases are sensorineural in origin, for which modern
hearing rehabilitation approaches, including cochlear
implantation systems, may be used [4]. Given the high
prevalence of hearing impairment among children, the
increasing global number of individuals with hearing
loss, and the fundamental importance of hearing for
speech and language acquisition, cognitive develop-
ment, and social integration, cochlear implantation
has become widely established as one of the most ef-
fective interventions for preventing and reducing the
consequences of profound hearing loss. However, the
effectiveness of cochlear implantation is not limited to
the surgical procedure itself; it depends to a large ex-
tent on subsequent rehabilitation incorporating mod-
ern assistive technologies aimed at improving auditory
perception, developing communication skills, increas-
ing the child’s independence, and enabling full partici-
pation in education and social life.

Thus, there remains a need to synthesise current
scientific evidence regarding the role of assistive tech-
nologies in the comprehensive rehabilitation of children
with hearing impairment and to identify promising
directions for their application in improving auditory
perception, communication, and social integration. The
aim of this study was to systematise and analyse cur-
rent scientific evidence concerning the use of assistive
technologies in the rehabilitation of children with hear-
ing impairment, with particular emphasis on children
with cochlear implants.

MATERIALS AND METHODS
A systematic review of contemporary scientific litera-
ture was conducted to evaluate assistive technologies
used in the rehabilitation of children with hearing im-
pairment, including children with cochlear implants.
The literature analysis encompassed studies investi-
gating the effectiveness of vibration and visual alert
systems, FM systems, induction loop systems, as well
as text- and video-based communication devices, with
particular emphasis on their impact on independence,
social integration, and participation in education. The
systematic review was conducted in accordance with
the PRISMA 2020 Statement (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses),
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following the updated recommendations for transpar-
ent and comprehensive reporting [9].

The research question was formulated using the
PICO framework, where Population (P) comprised chil-
dren aged 0-18 years with hearing impairment, includ-
ing those following cochlear implantation; Intervention
() included assistive technologies (hearing aids, coch-
lear implant systems, FM systems, induction loop sys-
tems, vibration and visual alert devices, and text- and
video-based communication technologies); Compari-
son (C) consisted of standard rehabilitation approach-
es or the absence of specialised assistive technologies;
and Outcomes (0) included measures of speech recog-
nition, participation in education, social integration,
and quality of life [9].

The literature search was conducted in the Pu-
bMed, Scopus and Web of Science databases for the
period from 1 January 2010 to 31 December 2025.
Combinations of keywords and MeSH terms were
used: “hearing impairment”, “children”, “assistive tech-
nology”, “cochlear implant”, “FM system”, “assistive lis-
tening devices”, “speech perception”, using the logical
operators AND/OR. In addition, references in relevant
articles were analysed to identify further sources. The
inclusion criteria comprised: (1) studies involving chil-
dren under the age of 18 with various forms of hearing
impairment; (2) a description of the use of at least one
type of assistive technology in the context of rehabilita-
tion; (3) the presentation of quantitative or qualitative
results relating to clinical, functional or psychosocial
outcomes; (4) publication in peer-reviewed journals
in English or Ukrainian. The analysis excluded review
articles without a clear search methodology, expert
opinions, individual case reports without a systematic
assessment of effectiveness, and studies relating exclu-
sively to adult patients.

Results of the systematic search. During the iden-
tification phase, 312 records were identified in the da-
tabases. After removing duplicates (n =44), 268 publi-
cations were retained for further analysis. During the
initial screening of titles and abstracts, 194 studies that
did not meet the predefined inclusion criteria were ex-
cluded. A full-text assessment was carried out for 74 ar-
ticles, of which 21 studies met all selection criteria and
were included in the qualitative synthesis. A schematic
representation of the study selection process in accord-
ance with the PRISMA 2020 guidelines is presented in
Figure 1, which shows the number of records and the
reasons for their exclusion at each stage.

Therisk of bias in the included studies was assessed
using appropriate tools: the Newcastle-Ottawa Scale for
cohort and observational studies, and the AMSTAR-2
tool for published systematic reviews. The analysis was
carried out by two independent researchers; any dis-
crepancies in the assessments were resolved through
discussion until a consensus was reached.
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PRISMA flow diagram of the study selection process in accordance with PRISMA 2020

Duplicate removal

Identificationsa

Records identified through database searching — n = 312
Sources: PubMed, Scopus, Web of Science
Search period: 2010-2025

Duplicate records removed — n = 44
Records remaining for screening — n = 268

Titles and abstracts screened — n = 268
Records excluded after initial screening — n = 194
Main reasons: not relevant to the topic; adult population

Full-text articles assessed for eligibility — n = 74

Full-text assessment

Full-text articles excluded — n = 46

Reasons: absence of clinical outcomes; methodological limitations

“ Studies included in the qualitative synthesis —n =21

Figure 1. PRISMA flow diagram of the study selection process
in accordance with PRISMA 2020
Source: developed by the authors in accordance with the PRISMA 2020 recommendations, based on the results of the systematic search

and study selection

Characteristics of the included studies. The
qualitative synthesis included 21 studies published
between 2010 and 2025. These were predominantly
prospective cohort studies, clinical observations and
comparative studies of the effectiveness of hearing aids
and assistive technologies in children with hearing im-
pairments. In particular, the studies by Z. Guo et al. [1],
J. Wang et al. [7] and R.S. Melo et al. [8] were analysed.
Studies were selected in accordance with the PRISMA
2020 guidelines. The main outcomes assessed were
speech recognition scores, signal-to-noise ratio (SNR),
level of learning engagement, social integration and
quality of life indicators [10].

RESULTS AND DISCUSSION

The analysed studies examined a broad range of as-
sistive technologies used to support children with hear-
ing impairment. These included hearing aids, cochlear
implant systems, FM systems, induction loop systems,
visual and vibration alert devices, and digital commu-
nication technologies, including text- and video-based
communication platforms. Most studies focused on
evaluating the effectiveness of hearing aids, cochlear
implants, and FM systems, whereas visual and vibration
alert devices were generally considered supplementary
tools for supporting daily activities and enhancing the
safety of children with hearing impairment.

A national policy priority is the development and
optimisation of support systems for children with spe-
cial educational needs, including those with hearing
impairment. In Ukraine, international standards of
care for children with hearing impairment are being
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implemented, including universal neonatal hearing
screening, expanded access to advanced hearing re-
habilitation technologies such as cochlear implants,
strengthened early intervention programmes targeting
hearing and speech disorders in newborns and young
children, and the further development of inclusive edu-
cation and social integration initiatives. These develop-
ments highlight the need to improve existing approach-
es to auditory-verbal development in children with
hearing impairment, as well as to modernise the organ-
isational and technological aspects of corrective and
developmental support. According to S.T. Mohamed et
al. [10], the period from 2020 to 2025 witnessed sub-
stantial advances in understanding the special educa-
tional needs of children with hearing impairment, re-
flected in the adoption of more inclusive approaches,
wider implementation of assistive technologies, and
greater emphasis on the individualisation of education-
al and rehabilitation support.

The findings are consistent with contemporary in-
ternational evidence [1-2], confirming the effectiveness
of the comprehensive use of assistive technologies in
children with hearing impairment. The combined use
of hearing rehabilitation devices and signal enhance-
ment systems creates favourable conditions for the
development of auditory-verbal skills, improved aca-
demic achievement, and enhanced social adaptation.
Given the clinical heterogeneity of hearing impairment,
Table 1 presents a classification according to aetiology,
severity (hearing threshold), time of onset, symmetry
of impairment, and audiogram configuration to facili-
tate a systematic approach to assessment.
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Table 1. Classification of hearing impairment according to the main clinical criteria

: By severity : By audiogram
By aetiology (hearing threshold) By time of onset By symmetry configuration
. . Mild: 20-40 dB

Cond;grtllsvc?r?rfjlﬁ‘gig 199% | Moderate: 41-55 dB High-fiLa(;uency

. Moderately severe: Congenital One-way
hearing loss . Low-frequency

. ; 56-70 dB Acquired Two-way
Mixed hearing loss . Dome-shaped /

Central hearing loss Severe: 71-90 dB U-shaped
Profound: over 90 dB

Source: compiled by the authors based on [1-2, 7]

According to Y.C. Hung et al. [11], hearing impair-
ment may be classified into several principal forms ac-
cording to its aetiology, each characterised by distinct
pathogenic mechanisms, clinical manifestations, and
approaches to treatment and rehabilitation. Sensori-
neural hearing loss results from damage to the sensory
structures of the inner ear (the cochlear hair cells), the
auditory nerve, or the central auditory pathways. This
is the most common form of hearing impairment and is
generally permanent or progressive in nature. Its caus-
es include genetic factors, intrauterine infections, peri-
natal injury, ototoxic medications, noise-induced trau-
ma, viral infections, and vascular disorders. A distinct
clinical entity is sudden hearing loss, characterised by
a rapid decline in hearing function occurring within a
period of up to 72 hours. According to O. Kuzenko et
al. [6] and ]. Wang et al. [7], when the pathological pro-
cess involves the inner ear or the auditory nerve, the
condition is referred to as sudden sensorineural hear-
ing loss (SSNHL). When no underlying cause can be
identified despite comprehensive clinical investigation,
the condition is diagnosed as idiopathic sudden senso-
rineural hearing loss, which represents the most com-
mon form of SSNHL encountered in clinical practice.

According to C. Pflug et al. [12] and R.S. Melo et
al. [8], conductive hearing loss is caused by impaired
transmission of sound through the structures of the
outer or middle ear. The most common causes include
inflammatory disorders of the middle ear (acute and
chronic otitis media), otitis media with effusion, tym-
panic membrane perforation, congenital abnormalities
of the auditory ossicles, and other mechanical obstruc-
tions that interfere with sound conduction. In this form
of hearing loss, the inner ear remains functionally in-
tact, and hearing function can often be fully or partially
restored following treatment of the underlying cause.

Mixed hearing loss combines features of both con-
ductive and sensorineural hearing loss, indicating the
simultaneous involvement of the middle and inner ear
structures. According to E. Nightengale et al. [13], cen-
tral hearing loss results from impaired processing of
auditory information within the central nervous sys-
tem, involving the subcortical auditory pathways or the
cerebral cortex. In such cases, the peripheral compo-
nents of the auditory system may remain anatomically
and functionally intact. According to N. Tye-Murray et
al. [14], this type of hearing impairment is frequently

associated with prolonged chronic inflammatory dis-
eases of the middle ear complicated by secondary dam-
age to the sensory apparatus and therefore requires a
comprehensive multidisciplinary approach to treat-
ment and rehabilitation.

A detailed classification of hearing impairment ac-
cording to its type, severity, time of onset, symmetry,
and audiogram configuration not only enables the sys-
tematic organisation of clinical information but also
provides the basis for accurate diagnosis and assess-
ment of a child’s medical and rehabilitation needs. Hear-
ing assessment is critically important throughout all
stages of child development, as the timely identification
of hearing disorders allows appropriate intervention
strategies to be selected and helps prevent secondary
impairments in speech and language, cognitive devel-
opment, and social functioning. However, according to
PravoChuty [4], even after a diagnosis has been estab-
lished, comprehensive rehabilitation remains essential.
This includes the use of modern assistive technologies,
hearing aids or cochlear implantation, auditory-verbal
training, and support for the child’s adaptation to edu-
cational and social environments.

Rehabilitation is essential for patients with incom-
plete recovery of hearing and aims to restore functional
abilities and improve quality of life. Counselling regard-
ing the potential benefits of hearing rehabilitation tech-
nologies and other supportive interventions is recom-
mended, as systematic reviews have demonstrated their
positive effects on functional performance and social
participation. According to E.M. Fitzpatrick et al. [15],
the successful implementation of these technologies re-
quires appropriate counselling and adequate resource
provision. The regular use of hearing devices and com-
plementary rehabilitation measures should therefore be
regarded as an integral component of comprehensive
rehabilitation, promoting optimal functional integration
and social participation for the child.

Rehabilitation of patients with residual sensori-
neural hearing loss following an acute episode is neces-
sary to restore functional abilities and improve quality
of life. According to the Clinical Guideline “Management
of Patients with Sudden and Acute Sensorineural Hear-
ing Loss” [16], approved by the Ministry of Health of
Ukraine in 2022, patients should receive counselling re-
garding the potential benefits of hearing rehabilitation
technologies and other assistive interventions. The use
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of hearing devices contributes to improved auditory
function, enhanced quality of life, and better emotional
well-being, while also increasing opportunities for par-
ticipation in everyday activities.

Device-based rehabilitation for children with hear-
ing impairment is based on the use of technological
solutions designed to compensate for hearing deficits
and improve communication abilities. These include
hearing aids, cochlear implant systems, sound amplifi-
cation devices, and vibration and visual alert systems.
Additional support is provided by modern digital com-
munication technologies, including text-based servic-
es and specialised mobile applications. Hearing aids

I Implementation of assistive technologies for rehabilitation of children with hearing impairments

remain one of the principal interventions for auditory
rehabilitation in children with hearing impairment.
Unlike hearing rehabilitation in adults, paediatric hear-
ing aid fitting is intended not only to compensate for
hearing loss but also to facilitate the development of
auditory perception, speech and language, and com-
munication skills. Consequently, specialised paediatric
hearing aids and age-appropriate fitting algorithms are
used, taking into account the developmental character-
istics of the auditory system, the degree of hearing loss,
and the child’s speech and language needs [17]. Specific
requirements apply to paediatric hearing aids, as sum-
marised in Table 2.

Table 2. Functional and safety criteria for paediatric hearing aids

Criterion

Description of characteristics

Flexibility of features

Configured according to the paediatric DSL fitting algorithm with minimal distortion

Mechanical safety

Use of hypoallergenic materials, robust construction,
and the absence of small detachable parts

Acoustic safety

Control of the maximum output sound pressure level, compression (preferably speech
compression), and the option to disable the volume control

Predictability of use

Availability of visual indicators showing device operation, systems for monitoring
the correct placement of the earmould, and remote control functionality

Operational reliability

Reliable operation under a range of operating conditions

Ability to activate/deactivate
“adult” features

Availability of options to activate or deactivate specific features, including the directional
microphone and programme switching, according to the user’s needs

Note: DSL — desired sensation level
Source: compiled by the authors based on [2, 7, 17]

According to J.N. Li et al. [17], contemporary hear-
ing aids are available in a range of designs, the most
common being behind-the-ear and in-the-ear models.
Behind-the-ear devices are worn behind the pinna and
offer extensive opportunities for individual adjustment
according to the degree of hearing loss. In-the-ear mod-
els are custom manufactured to fit the anatomical char-
acteristics of the user’s external auditory canal and are
positioned directly within the ear.

In paediatric practice, behind-the-ear hearing aids
are generally preferred because the anatomical charac-
teristics of the external auditory canal in young children
limit the suitability of in-the-ear devices. Furthermore,
the child’s continuous growth necessitates the regular
replacement of custom earmoulds and periodic adjust-
ment of hearing aid settings to ensure optimal sound
quality. The effectiveness of hearing rehabilitation
depends not only on the appropriate selection of the
hearing device but also on subsequent auditory reha-
bilitation. Following hearing aid fitting, it is essential to
develop the child’s ability to perceive and interpret au-
ditory information. The rehabilitation process includes
gradual exposure to different acoustic stimuli, training
in sound source localisation, discrimination between
speech and non-speech sounds, and the enhancement
of auditory attention and communication skills. Such
a comprehensive approach facilitates successful adap-
tation to hearing aid use and improves auditory-verbal
outcomes [15, 17].
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Cochlear implantation is a modern, high-technology
method of auditory rehabilitation indicated for patients
with severe or profound sensorineural hearing loss
when conventional hearing aids do not provide suffi-
cient speech perception or auditory development [17].
Unlike hearing aids, which amplify acoustic signals and
rely on the remaining function of the auditory system,
cochlear implant systems provide direct electrical stim-
ulation of the auditory nerve fibres, thereby compen-
sating for the impaired function of damaged sensory
cells within the inner ear [18].

According to F. Nassrallah et al. [18], a cochlear im-
plant system consists of two components: an internal
and an external unit. The internal component com-
prises the receiver-stimulator and an electrode array
implanted into the cochlea. The external component
includes the speech processor, transmitting coil, and
connecting elements responsible for transmitting in-
formation between the external and internal parts of
the system. Signal transmission is achieved through
magnetic coupling between the transmitting coil and
the implanted receiver. Studies by J.N. Li et al. [17]
and F. Nassrallah et al. [18] have shown that cochle-
ar implants improve the perception of environmental
sounds, enhance speech intelligibility, and increase
communication effectiveness across a variety of acous-
tic environments. Cochlear implantation is particularly
important in childhood because it provides the foun-
dation for the development of auditory-verbal skills,



educational attainment, and social adaptation. Howev-
er, the effectiveness of cochlear implantation depends
not only on the surgical procedure but also on compre-
hensive post-implantation rehabilitation. Following
device activation, key components of rehabilitation in-
clude individual programming of the speech processor,
ongoing technical support, auditory training, speech
and language development, and the enhancement of
communication skills. It is this combination of tech-
nological hearing restoration and long-term audito-
ry-verbal rehabilitation that enables the full potential
of cochlear implantation to be realised.

According to ].S. Kim & C.H. Kim [19], Assistive
Listening Systems (ALSs), also referred to as Assistive
Listening Devices (ALDs), comprise a group of technol-
ogies designed to improve speech understanding and
sound quality in challenging acoustic environments,
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particularly in public settings where background noise,
distance from the sound source, or reverberation re-
duce speech intelligibility for individuals with hearing
impairment. ALSs operate by improving the signal-
to-noise ratio, which is essential for effective speech
recognition by people with hearing loss in everyday
listening situations, particularly when conventional
hearing aids or cochlear implants alone do not provide
sufficient benefit. An FM system is a wireless type of
ALS that uses frequency modulation to transmit sound
directly from a source, such as a lecturer’s microphone
or a public address system, to the user’s receiver. The
receiver may either be integrated into the hearing aid
or cochlear implant or provided as a separate device
connected to a hearing aid or headphones. Figure 2 il-
lustrates the principal capabilities of FM systems in im-
proving speech perception.

FM system capabilities

Reduce the effects
of background noise
and reverberation

Enhance
the speech signal

Ensure stable
speech perception

Figure 2. Key capabilities of FM systems

Source: compiled by the authors based on [2, 7, 19]

The system presented in Figure 2 amplifies the
speech signal without being affected by background
noise or the distance between the sound source and the
listener. It reduces the effects of reverberation by trans-
mitting the signal on a dedicated radio frequency inde-
pendent of the room’s overall sound field, thereby ensur-
ing stable speech perception even in large halls or open
spaces. Scientific studies have demonstrated that the use
of FM systems significantly improves speech recognition
in noisy environments, which is particularly important in

educational settings. An induction loop is a type of ALS
that generates an electromagnetic field within a defined
area, which can be received wirelessly by hearing aids
or cochlear implant processors equipped with a telecoil
(T-coil). This technology overcomes problems associated
with background noise and distance by transmitting the
signal directly to the hearing device without intermedi-
ate acoustic transmission [20]. Both FM systems and in-
duction loop systems are widely used; their comparative
characteristics are presented in Table 3.

Table 3. Main characteristics of FM systems and induction loop systems

Characteristic FM systems

Induction loop systems

Principle of transmission

Radio-based signal modulation
(radio frequency) to the receiver

Magnetic field generated within a room
and received by the hearing aid/telecoil

Connection
to the hearing aid

Requires a separate receiver or integration

Directly via the T-coil (telecoil)
in the hearing aid or cochlear implant

Signal transmission

Via a dedicated receiver

Direct transmission

Sound quality / SNR

Excellent SNR over distance

Very high SNR over distance

Power consumption

Receivers may increase the hearing
aid’s battery consumption

No impact on the user’s hearing aid battery;
power is supplied by the loop system

Applications

Open spaces, large halls, and classrooms

Public venues, theatres, conference halls,
cinemas, and lecture theatres

Advantages

Flexible transmission range; supports
a large number of users

Easy to use; no separate receivers required

Note: SNR — signal-to-noise ratio
Source: compiled by the authors based on [2, 20]

The findings reported by A. Flores Ramones &
M.S. Del-Rio-Guerra [21] demonstrate that vibration

and visual alert systems are important components of
assistive technologies, providing alternative notification
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channels for individuals who are deaf or have severe
hearing loss. Conventional auditory alerts are often
inaccessible to people with hearing impairment, creat-
ing safety risks and limiting participation in everyday
activities. By using vibration (tactile) and visual (light-
based) alerts, information about important events can
be conveyed through alternative sensory systems, con-
sistent with the principles of sensory substitution and
multisensory support in assistive technologies.

Vibration alert systems use tactile stimulation to
notify users of important auditory events, such as tele-
phone calls, alarm clocks, or emergency warnings. These
systems may take the form of wearable devices, wrist-
bands, vibrating mats, or bed shakers that activate when
the surrounding system detects a relevant sound event.
Practical studies have shown that wearable vibration
devices can effectively detect important sounds and
communicate them to the user through tactile feedback,
thereby improving awareness of environmental events
and enhancing safety in everyday life [22]. According to
“Healthy Hearing” [23], tactile alerts are particularly ef-
fective when auditory signals are unavailable or insuffi-
cient, such as during sleep or in noisy environments.

Visual alert systems employ flashing strobe lights,
LED indicators, or visual notification devices that flash
or vary their light intensity when an auditory event is de-
tected, for example a doorbell, telephone call, or smoke
alarm. These visual notifications enable users to recog-
nise important events immediately without relying on
auditory cues, which is particularly valuable in domestic
and public environments where conventional sound-
based alerts are inaccessible to individuals with severe
hearing loss. Combining visual and vibration alerts fur-
ther improves the reliability of notification systems and
enhances environmental accessibility by engaging multi-
ple sensory modalities simultaneously [24].

These technologies are increasingly integrated into
modern smart home systems incorporating intelligent
sensors, mobile notifications, IoT devices, and weara-
ble technologies, enabling users to receive real-time
alerts with adjustable vibration intensity and visual
indicators according to individual preferences. The de-
velopment of such solutions reflects the broader trend
towards implementing assistive technologies that en-
hance accessibility, independence, and everyday func-
tioning for people with hearing impairment. According
to E. Bahgekapili1 & A. Ayaz [25], the use of visual and vi-
bration alerts in assistive systems is consistent with the
concept of sensory substitution, whereby information
about auditory events is transmitted through alterna-
tive sensory modalities, such as tactile or visual input,
thereby compensating for the loss of auditory informa-
tion. This approach is based on the principle of neuro-
plasticity, which enables the brain to adapt to signals
received through alternative sensory pathways.

Text telephones and devices supporting text- or vid-
eo-based communication are important components of
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contemporary assistive technologies, providing acces-
sible and barrier-free communication for people with
hearing impairment. These technologies enable users to
exchange information through alternative communica-
tion methods, including text messaging, chat interfaces,
and video calls incorporating sign language or real-time
captions. According to P.A. Rodriguez-Correa et al. [26],
modern smartphones equipped with text-based commu-
nication functions support SMS, instant messaging (IM),
chat applications, and adaptive keyboards, substantially
improving access to telephone communication com-
pared with conventional voice calls. Studies have shown
that text-based communication enhances independence
and social participation among individuals with hearing
loss by eliminating reliance on auditory speech percep-
tion, which may be difficult or impossible for these users.

In addition, contemporary smartphones and com-
puter-based platforms support video communication
using sign language, enabling people who use sign
language to participate in video calls and video confer-
encing in which information is exchanged visually. This
mode of communication is particularly valuable for
users whose primary language is sign language rather
than written text, providing a highly accurate and nat-
ural means of interaction. According to the review by
M. Rivas Velarde et al. [27], video platforms supporting
ASL significantly improve communication accessibility
in professional, educational, and social settings.

The effectiveness of these technologies is supported
by research on digital accessibility and inclusive commu-
nication, demonstrating that the integration of text and
video-based communication tools reduces communica-
tion barriers, improves psychosocial well-being, and en-
hances social participation among individuals with sen-
sory impairments. For example, studies by M.]. Myers et
al. [28] and S. Sabbagh et al. [29] have shown that the
use of video communication incorporating sign language
or automatic captioning in customer service settings im-
proves the quality of interactions across healthcare, edu-
cation, and employment.

Overall, the findings indicate that the integration of
assistive technologies into the rehabilitation of children
with hearing impairment is consistent with contempo-
rary evidence-based practice, as reflected in the clinical
and experimental studies included in this review. These
technologies enhance the effectiveness of auditory-ver-
bal rehabilitation, expand opportunities for children’s
communication development, and support their suc-
cessful adaptation to educational and social environ-
ments. Consequently, assistive technologies should be
regarded as an integral component of comprehensive
auditory-verbal and psychosocial support for children
with hearing impairment.

CONCLUSIONS
1. The results of an analysis of 21 scientific publica-
tions released between 2010 and 2025 highlight the



important role of assistive technologies in the compre-
hensive rehabilitation of children with hearing impair-
ments. The most common forms of assistive technolo-
gy remain hearing aids, cochlear implants and remote
sound transmission systems (FM systems), the effec-
tiveness of which has been confirmed by numerous
clinical and review studies.

2. The analysis of the literature showed that the
use of modern hearing rehabilitation technologies
improves auditory perception, speech intelligibility,
speech perception in the presence of background noise,
and overall communication effectiveness. The integra-
tion of assistive communication technologies enables
children with hearing impairment to participate more
actively in educational activities, social interactions,
and everyday life, thereby improving their quality of life
and psychosocial well-being.

3. It was established that, alongside conventional
hearing aids and cochlear implants, additional assistive
technologies play an important role, including FM sys-
tems, induction loop systems, vibration and visual alert
devices, text communication tools, video communica-
tion platforms, and automatic captioning technologies.
Their use expands access to information, enhances
safety, and promotes greater independence for children
in their daily lives.

4. The findings of the analysed studies indicate that
the integration of assistive technologies into educational

Yu. Marushko, I. Kondratenko, 0. Khomych & S. Khodakivsk I

environments has a positive impact on academic achieve-
ment, social adaptation, and the quality of life of children
with hearing impairment. The use of modern communi-
cation support technologies encourages more active par-
ticipation in the learning process, improves interaction
with peers, and facilitates inclusion in society.

5. The practical significance of these findings lies
in confirming the value of the early implementation of
assistive technologies as an integral component of the
multidisciplinary rehabilitation of children with hear-
ing impairment. The selection of specific technological
solutions should be individualised according to the
child’s age, degree of hearing loss, educational needs,
and everyday functional requirements. Future research
should focus on evaluating the long-term effectiveness
of emerging digital assistive technologies, automatic
speech recognition and captioning systems, and their
impact on educational outcomes, social integration, and
the quality of life of children with cochlear implants.
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BrnpoBafykeHHsI aCHCTUBHUX T€XHOJIOTiH
A peabimiTanii fiTel 3 MOPyIIeHHAM CJIyXy

AHoranist

AxTtyanbHicTb. [lopylieHHs cyxy y JiTell HeraTUBHO BIJIMBAIOTh HAa PO3BUTOK MOBJIEHHS, KOTHITUBHI QYHKIL],
HaBYaHHS Ta COLjia/IbHY aJlalTallilo, TO/i AK BAKOPUCTAHHS aCUCTUBHUX TEXHOJIOTIN ;0IOMarae KOMIeHCyBaTU
CEeHCOpHi AedilyTH, MOKPAIUTH COPUUHATTS MOBJIEHHS U cnpusATH edeKTUBHIWIM iHTerpauii AUTHHU B
OCBITHE Ta coLjiajJIbHE cepe/loBULE.

Merta. AHaJi3 Cy4yacHUX HAyKOBUX NyO6JiKallil, MPUCBAYEHUX aCHCTUBHUM TEXHOJIOTiAM y peabiaitTanil fiTer
i3 MOpYyLIEHHAMH C/yXY, 3 aKL[eHTOM Ha epeKTHUBHICTb IX BUKOPUCTAHHSA Y JliTeH i3 KOX/IeapHUMH iMIJIaHTaMH.
Marepiain Ta Metoau. [IpoBeJleHO CHCTEMaTUYHHUM OTIJIs[ JiTepaTypd BiamoBigHo g0 BuMor PRISMA
2020 i3 BU3HAYEHHSIM [JIOCJAIAHULBKOTO NMUTaHHSA 3a Mozesuito PICO, 4iTKMMU KpUTEPIIMU BKJIOYEHHS Ta
CTaHJAPTHU30BaHOIO CTPaTeTier nomykKy B 6azax PubMed, Scopus Ta Web of Science 3a 2010-2025 poxku.
PesynbraTn. AHasmiz 21 BifjibpaHoro AOC/iIKeHHsS 3aCBi[YMB, 10 3aCTOCYBAaHHS ACUCTUBHHUX TEXHOJIOTiH
aCOI{IOETHCS 3 MOKpALIeHHSM pO3Mi3HAaBaHHsS MOBJIEHHS, 3MeHIIEeHHsSIM HeraTUBHOrO BILJIMBY (OHOBOrO
HMyMy Ta MiJBUIIEHHAM akaZieMidyHol akTUBHOCTI fAiTedl. Halbinbil BupaxkeHUH edeKT crocTepiraBcs mnpu
KOMOiHOBaHOMY BHKOPHCTAaHHI CJAyXOBHX amapaTiB abo cHCTeM KoxJieapHOi iMIaHTalii 3 TeXHOJIOTiAMHU
nifcusnienusa curHany (FM-cucremwu, iHAYKIidHI meTsi), 1m0 3a6e3mMevyy0Th MOKpAIleHHS CHiBBiAHOIIEHHS
CUTHAJ/IIYM y CKJIaJJHUX aKyCTHYHHUX YMOBaX. |HTerpamisi [eKiJIbKOX TeXHOJIOTiYHHX pillleHb CHPHSIE
inauBigyasnizauii pea6iniTauii Ta migBueHHO i pyHKIiOHAIBHOT pE3yIbTaTUBHOCTI.

BucHoBku. AnapaTHa peabigiTanis € akTyaJabHUM i edeKTHBHHUM 3aco00M HiATPUMKU MalieHTIB i3
CEHCOHEBpPAJIbHUMU MNOPYUIEHHSIMU CJyXy, 3abe3nedyloyd BiJiHOBJEeHHs ab0 MOKpallleHHs CIPUHHSATTSA
3BYKIB I MOBJIEHHA 3a J0IIOMOI0I0 CJIYXOBUX allapaTiB, KOXJIeAPHUX IMIIJIAaHTIB Ta CUCTEM IiJACUTIE€HHA 3BYKY.
[HTerpanisa JONOMIXXKHUX TEXHOJIOTIN AJi KOMYHIKalLil J03BOJIFA€ AiTAM i3 NOPYIIEHHAMHU CJIyXy aKTUBHille
O6paTy y4acTh y HaBYaJbHOMY MIpOleci, coliaJIbHUX B3a€EMO/JiIX Ta MOBCIKJEHHOMY KHTTIi, MOKpaL[yIOYH
iXHI0O AKICTb KUTTS Ta ICUXOcCOIjasbHe OGJsiaromoJiydus. [IpakThUuHe 3HAYeHHs pe3yJbTaTiB IOJSrae B
OOI'pyHTYBaHHI paHHBOTO iHAWBiIyasi30BaHOr0 3aCTOCYBaHHSA AOTOMIXXHUX TEXHOJIOTIH y peabiniTanii giTen
i3 IOPYLUEHHAMU CJIYXY.

KnrouoBi croBa: JonoMixkHi TexHosoril; FM-cucrema; ciyxoBi amapaTy; KoxJeapHHUM IMIJIAHT; C/IyXOBi
NopyIleHHs; peabiniTaniiiHe BTpyYaHHs; NALi€EHTH JUTAYOTO BiKy; pO3Mi3HABaHHS MOBJIEHHS.
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