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Abstract

Context and relevance. The article considers the problem of the conse-
quences of early auditory deprivation on the reorganization of visual informa-
tion processing. Auditory deprivation causes a reorganization of visual infor-
mation processing in children with hearing impairments, which affects the
perception of visual teaching materials in the learning process. Objective.
Using eye tracking, track changes in visual information processing in children
with hearing impairments. Using the example of perception of visual teaching
materials, the task was to identify how the specificity of visual information
processing manifests itself in children with hearing impairments in a learning
situation. Hypothesis. The specificity of perception of educational materials
in children with hearing impairments will be associated with the reorganiza-
tion of visual information processing, which can be recorded by tracking eye
movements. Methods and materials. A comparative study was conducted
among a sample of preschool children aged 5-7 years (N = 35), typically
developing children (N =20; M = 6,1; SD = 0,4) and hearing impaired children
with sensorineural hearing loss after cochlear implantation (N = 15; M = 6;
SD = 0). lllustrations from the ABC book for hearing-impaired children by
N.Yu. Donskaya and N.I. Linikova were used as stimulus material. Data were
recorded using a stationary eye tracker GP3. The auditory-visual presenta-
tion of visual aids and with visual lexical supports was varied. Results. The
features of visual information processing in children with hearing impairments
were revealed through the analysis of shifts in visual attention (including
those indicating the features of perception of visual aids in educational mate-
rial). Through markers of fixation duration, number of fixations it is shown that
children with hearing impairment have a large cognitive load, differences in
depth, intensity of visual information processing in the perception of visual
aids of educational materials, differences in the sequence of visual attention,
visual search strategies, spatial distribution of attention, temporal character-
istics of visual information processing are revealed. Conclusions. With the
help of eye tracking it was possible to expand the understanding of the cross-
modal effects of sensory deprivation on the processes of visual information
processing in children with hearing impairment. The understanding of the
influence of forms of using visual aids of educational materials, their presen-
tation in an auditory-visual format or with the use of visual lexical supports in
the process of teaching children with hearing impairment is supplemented.
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AWUTpEKUHr uccnepgosaHue cneuucukn o6paboTkun
3puTenibHOU MHhopMaLumn y geTen ¢ HapyLleHUeM
cnyxa B cuTyauum oby4yeHus

A.K. CmupHoBa
AnTarickuii rocygapcTBeHHbIN yHuBepcuteT, bapHayn, Poccuiickas ®epepauns
< yana.smirnova@mail.ru

Pestome

KoHTeKCcT M aKTyanbHOCTb. Martepuanbl cTaTby MOCBSLLEHbI Npobrneme
peopraHusaummn o6paboTku 3pUTENbHON MHGOPMaLUn BNOCNeACTBUM paH-
Hel CnyxoBOW AenpuBaLmu, a KOHKPETHO — Kak NMpu HapyLleHun cnyxa y
[OLLKOSIbHUKOB U3MEHEHUs B 06paboTKN 3pUTENbHON MHDOpMaLmn BAUSIIOT
Ha BOCNpUATUE HarnsgHOCTElN y4ebHbIX MaTtepuasnios B npouecce obyyeHus.
Llensb. MNpy nomMoLLm auTpeKMHra Yepes aHann3 ABMXeHUs rnas y geTen ¢ Ha-
PYLLEHMEM CryXa BbISBUTb CELMUKY 06paboTKM 3pUTENbHON MHGOpMaLmK,
KoTopas 6ydeT CKasblBaTbCH HA OCOBEHHOCTSX BOCTIPUATUA yHEOHbIX MaTte-
puanos B npouecce obyyeHus. Mmnortesa. Cneunduka BoCnpuaTUS YHEOHbIX
maTepuanos y AeTel C HapyLLEeHneM cnyxa B3aMmMocBs3aHa ¢ peopraHsaum-
el 06paboTKM 3pUTENbHOM MHAOPMAaLIMK, KOTOPYHD MOXHO 3adiMKCupoBaTtb
nyTem oTcnexuBaHus asuxeHus rnas. Metoabl u matepmansl. [MpoBegeHo
CpaBHUTENbHOE UCCNEeAoBaHve BbIOGOPKW OOLLKONbHUKOB 5—7 net (N = 35):
TMNMYHO passuBatolumxcs aeten (N = 20; M = 6,1; SD = 0,4) 1 ¢ HapyLLeHneM
cryxa C CEeHCOHEeBpasIbHOM TYroyxoCTbiO MOCMe KOXSIeapHOW MMMnaHTauum
(N =15; M = 6; SD = 0). B kayecTBe CTUMyNbLHOrO MarTepuana Ucnonb30Ba-
Hbl UnnCcTpaunmn 13 6ykeaps ana cnadocnbiwaimx getern H.KO. OoHckow,
H.N. ITuHnkoBon. ®ukcaumsa faHHbIX OCYLLIECTBAANACH CTaUMOHAPHbIM anTpe-
kepom GP3. BapbrpoBanochk Cnyxo-3puTenbHOe NPeabsaBieHne HarnsgHoCcTu
1 C 3pUTENBHBIMU NEKCUYeckuMm onopamu. PesynbTtatbl. BbisBneHbl 0CO6EH-
HOCTU NepepaboTKn 3pUTENbHON MHpopMaLmK y AeTEl C HapyLLEHNEM Crnyxa
HYepes aHann3 caBuUros 3puUTeNibHOro BHUMaHusA (B TOM 4uUcCrie CBMOETENIbCTBY-
IOLWMX 06 OCOBEHHOCTAX BOCMPUATUS HarnsgHoCTen y4ebHOro marepuana).
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Yepes3 MapKkepbl NPOJOIKUTENBHOCTU (IMKCaLMI, KonndecTsa onkcaumm no-
Kas3aHo, 4YTO y AeTeln C HapyLleHneM criyxa 6onbluasi KOrHUTMBHAA Harpyska,
OTNN4MNA B FNYyO6MHE, MHTEHCUBHOCTU 06paboTKM 3pUTENbHON MHAOpMaLn
npu BOCMPUATUM HArnsagHoOCTeNn y4ebHbIX matepuanos. BbisiBneHbl otnmuns
B NOCrnefoBaTenlbHOCTU 3PUTESIbHOMO BHUMAHWUS, CTpaTerusx Bu3yasbHOro
noucka, NPOCTPAHCTBEHHOro pacnpefeneHns BHUMaHWs, BPEMEHHbIX Xa-
pakTepucTukax obpaboTku 3puTenbHoW uHgopmauun. BeiBogbl. Mpu no-
MOLL aNTpeKnHra yaanocb pacLuMpuTb NPeAcTaBeHns O KPOCC-MoaasbHbIX
apbdpekTax CEHCOpHOW [enpvBaLuyM Ha MpoLecchbl 06paboTKu 3pUTENbHON
MHopMauMK y feTent ¢ HapylueHuem cnyxa. [onosiHeHbl npefcTasfeHus
0 BMUAHUM (DOPM UCMONb3OBAHWA HArnNsAHOCTEN y4ebHbIX Matepuanos, UX
nNpeabABIEHNs B CITyX0-3pUTENBHOM (hopmaTte Uin C NPUMEHEHNEM 3pUTESb-
HbIX TEKCUHECKNX OMOpP B NpoLecce 06yHeHns AeTen ¢ HapyLLeHneMm cryxa.

KnroueBble cyioBa: [OLIKONbHbIM BO3PACT, 3pUTESIbHbIA THO3WUC, 3pUTENbHOE
BHUMaHWe, 06y4eHVe, CIlyXoBasi AenpuBaLus, aTunmyHoe passuTue, HapyLue-

HWe crnyxa, KoxJieapHas UMnnaHTauus, okynorpadus, antpekep

®duHaHcupoBaHue. ViccnenoBaHue BbINOMHEHO Npy hMHAHCOBOW noaaepxke rpaHta Poccuiickoro
Hay4Horo doHpa (PH®) Ne 24-28-20061 «AATPEKUHI uUccnefoBaHve TPYOHOCTEN 00y4eHus, CBs-
3aHHbIX C 0COGEHHOCTAMM BU3YanbHOr0 BHUMaHWS y AeTel C HapyLLeHUeM Cryxa».

[ononHuTenbHble AaHHble. Habopbl JaHHbIX [OCTYNHbI no appecy: https://doi.org/10.48612/
MSUPE/nvu1-epnf-4rk4 CmupHoBa, A.K. (2024). MaTepuanbl anTpekuHr nccnefoBaHmns cneyndukim
rnasopgBuraTenbHOM akTVBHOCTY B MPOLIECCe BOCMPUATUSA BM3yasibHOMO y4e6HOro matepuana getb-
MU C HapyLlueHveMm cnyxa: Habop aaHHbix. RusPsyData: Penosntopuin ncuxonornyeckux nccnepo-

BaHWM 1 MHCTPYMeHTOoB. MockBsa.

Ana untnpoBaHua: CmupHoBa, A.K. (2025). AWTpekuHr uccrnenoBaHve cneundunkm o6paboTku
3pUTENbHOM MHDOPMaLMK y AeTEN C HapyLLEHWEM cryxa B cuTyauum obyyenus. [cuxonornyeckas
Hayka u obpasosaHue, 30(2), 87-99. https://doi.org/10.17759/pse.2025300207

Introduction

Sensory deprivation, such as deaf-
ness, can alter the processing of infor-
mation from other sensory modalities
(Pisoni et al., 2007; Conway et al., 2011;
Sur, 2004). Neural plasticity — the brain’s
capacity to adapt and reorganize its
structure — facilitates adaptive changes
following sensory deprivation (Thakur et
al., 2023; Conway et al., 2011). The loss
of one sensory modality may thus trigger
reorganization in intact sensory systems.
Evidence suggests that early auditory
deprivation (Marschark et al., 2019) in-
duces widespread changes in neurocog-
nitive functions (Lima et al., 2023; Lau-

riello et al., 2024), particularly in visual
information processing (Dawson et al.,
2002), which is critical for calibrating vi-
sual functions (Bavelier et al., 2010).
Notably, prior studies have predomi-
nantly focused on visual attention, often
neglecting a comprehensive examina-
tion of visual gnosis and broader visual
information processing strategies. Nev-
ertheless, some research confirms that
children with hearing impairments exhibit
deficits in processing both auditory and
visual information concurrently. Children
with cochlear implants attend to visual
information but may process it differently
from their peers, potentially resulting in
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slower overall responses (Bottari et al.,
2014). This manifests in atypical strate-
gies for processing visual and visuospa-
tial information (Conway et al., 2011), as
well as difficulties in tasks involving visual
sequence discrimination, visual memory,
and visuomotor sequencing (Bottari et
al., 2014).

Historically, it has been assumed that
deaf individuals possess superior visuo-
spatial abilities compared to their hearing
peers, prompting the widespread use of
visual aids in their education (Marschark
et al., 2019; Pisoni et al., 2007; Kornien-
ko, 2021). However, studies on learning
difficulties indicate that these challenges
are frequently linked to visual functions.
For example, 20% of preschool children
experience difficulties with visual analysis
and recognition, impacting their academ-
ic performance (Akhutina et al., 2001;
Korsakova et al., 2022). Furthermore,
children with hearing impairments exhibit
distinct patterns of visual attention during
learning tasks (Monroy et al., 2021) and
perform less effectively in tasks requiring
the monitoring and sequencing of visual
stimuli (Dawson et al., 2002; Kyle et al.,
2011; Thakur et al., 2023). Failure to ac-
count for these specificities in visual pro-
cessing can lead to reduced academic
success (Kyle et al., 2011) and the adop-
tion of ineffective teaching methods. This
is evidenced by a 4% disparity in learning
efficacy between hearing and hearing-
impaired groups, particularly in reading
skills, comprehension, and vocabulary
acquisition (Thakur et al., 2023; Yurkov-
ic-Harding et al., 2022).

Moreover, while deaf children may
possess typical visual attention mecha-
nisms, they often struggle with encod-
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ing and processing stimuli into phono-
logical representations (Almomani et
al., 2021; Chen et al., 2010; Daza et al.,
2013; Pisoni et al., 2007). Their perfor-
mance in visual tasks largely depends
on whether stimuli can be verbally en-
coded or named (Daza et al., 2013; Pi-
soni et al., 2007) and on their preferred
language skills, irrespective of modality
(Marschark et al., 2019). Consequently,
it is imperative to investigate not only the
role of visual aids but also their mode of
presentation.

Drawing on prior research, this study
addresses two key issues. First, it em-
ploys eye-tracking to explore the cross-
modal effects of sensory deprivation on
both spatial and temporal aspects of vi-
sual attention and the overall process-
ing of visual information in children with
hearing impairments. Unlike previous
studies, this research aims to extend
knowledge beyond the reorganization
of visual attention to encompass visual
gnosis and comprehensive visual infor-
mation processing strategies. Second,
it examines the influence of different
presentation formats of visual aids —
such as auditory-visual formats or vi-
sual lexical supports — on the learning
process in children with hearing impair-
ments.

Thus, the primary objective of this
study is to use eye-tracking to identify
the distinctive characteristics of visual
information processing in children with
hearing impairments resulting from
early auditory deprivation. By utilizing
visual educational materials, the study
seeks to determine how these process-
ing specificities manifest in learning
situations, particularly in relation to the
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format of visual aid presentation and
the use of visual, auditory-visual, and
lexical supports.

Materials and methods

Study Sample. The study involved
preschool children aged 5.5-7 years.
The sample included 15 children with
hearing impairments (sensorineural
hearing loss, class H90 per ICD; aver-
age hearing threshold at frequencies of
0.5, 1, 2, and 4 kHz >90 dB), compris-
ing 8 boys and 7 girls, with a mean age
of 6 years. Cochlear implants were fitted
at age 3. The sample was matched for
the timing of hearing defect onset and
cochlear implantation. Post-implantation
rehabilitation occurred in a specialized
kindergarten where the study was con-
ducted. All participants demonstrated
sufficient cognitive development, speech
recognition thresholds, and comprehen-
sion of spoken language to participate.
They also had adequate experience with
sound-amplifying devices. The control
group consisted of 20 typically develop-
ing preschoolers (8 girls, 12 boys; mean
age 6.1 = 0.4 years).

Procedure. Given that post-cochlear
implantation efforts focus on speech de-
velopment and vocabulary expansion, vi-
sual educational materials were selected
to activate the children’s vocabulary. II-
lustrations from the ABC book for hear-
ing-impaired children by N.Yu. Donskaya
and N.l. Linikova were used as stimuli.
These materials establish connections
between auditory and visual representa-
tions of objects and their verbal labels,
serving as visual aids to enhance vocab-
ulary and phonemic hearing. The materi-
als included:

— Subject and plot illustrations for
learning object names and expanding
vocabulary.

— Visual word representations: some
illustrations featured lexical items (object
vocabulary) in frames beside the objects,
functioning as visual word supports (see
Figure 1). Hearing-impaired preschool-
ers, as part of pre-literacy training, use vi-
sual aids such as word cards for speech
development and are proficient in read-
ing them.

lllustrations with and without captions
were employed to assess how visual lexi-
cal supports influence visual attention in
children with hearing impairments. Both
subject illustrations (single objects) and
plot illustrations (scenes) were included,
differing in complexity, with plot illustra-
tions being more abstract and thus more
challenging to interpret.

The method of instruction delivery by
the adult experimenter was varied:

— Verbal instruction only (triggering
auditory-visual perception): The adult
provided a verbal instruction specifying
which object the child should identify and
point to (e.g., “Show me where the doll is
in the picture”).

— Instruction with visual lexical sup-
port (triggering visual perception): The
adult provided the instruction by pointing
to the lexical label of the object (e.g., say-
ing “Show me where...” and indicating
the word “Ball” in the frame).

The control group of typically devel-
oping children underwent the same pro-
cedure under identical conditions.

Equipment. Data were recorded us-
ing a stationary GP3 eye tracker, with a
tracking accuracy of 0.5-1°, a sampling
rate of 60 Hz, and 5- or 9-point calibra-
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tion. The head movement range was
25 cm horizontally and 11 cm vertically,
with a desktop mount setup. Calibration
was accepted if the average error was
less than 0.30° of visual angle. Data
were processed using the “Neurobu-
reau” software (Neuroiconica assistive).

Stimuli were presented on a 15.6-inch
laptop screen (1920 x 1080 resolution,
16:9 aspect ratio). The viewing distance
was 60 cm, and images were 600x480
pixels. Image transitions were controlled
by the experimenter via key presses fol-
lowing the child’s response.

For comparing oculomotor activity
between the two experimental series in

children with hearing impairments, the
Wilcoxon signed-rank test was used. To
compare oculomotor activity between
children with hearing impairments and
typically developing children, the t-test
was applied. Quantitative data were ana-
lyzed using SPSS V.23.0.

Results

Initially, we compared the oculomotor
activity of children with hearing impair-
ments and typically developing children
when identifying objects in educational
illustrations (both with and without visual
lexical supports). The t-test was em-
ployed for this analysis (Table 1).

Table 1

Descriptive statistics of oculomotor activity in children with hearing
impairment and typically developing children

t-test
o
- 2
M (SD) t g S .8
¢ | %
T+ =y
»n
number of fixations typically developing children 0 —4,58 23 0,003
before the first fixation | children with hearing impair- | 0,75
ments (0,16)
time to first fixation typically developing children 0 —4,52 23 0,003
children with hearing impair- 0,24
ments (0,05)
total viewing time typically developing children 10,47 -5,37 23 0,0001
(0,73)
children with hearing impair- | 26,62
ments (2,91)
number of returns to | typically developing children 2,81 -4,83 23 0,0001
the area of interest (0,4)
children with hearing impair- | 14,85
ments (2,46)
average duration of typically developing children 0,41 -2,18 23 0,051
fixations (0,03)
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t-test
o
= %
M (SD) t g S 3
o3 =
S = =]
»n
children with hearing impair- 0,71
ments (0,13)
total number of fixa- typically developing children | 28,36 -2,37 23 0,030
tions (3,95)
children with hearing impair- 54
ments (10,04)

Children with hearing impairments
exhibited a higher number of fixations
before the first fixation on the target
area, longer time to first fixation, and
increased average fixation duration.
These findings indicate prolonged
temporal characteristics of visual infor-
mation processing compared to typi-
cally developing children. Additionally,
these children made more fixations
and spent more time viewing the il-
lustration before identifying the target
object, suggesting that objects were
less noticeable or harder to detect.
The extended viewing time and higher
average fixation duration point to an in-
creased cognitive load during percep-
tion, further supported by the greater
number of returns to the area of inter-
est and the elevated total number of
fixations during the viewing period.

Next, we analyzed how oculomotor
activity in children with hearing impair-
ments varied when identifying subject
and plot illustrations under different pre-
sentation conditions: auditory-visual pre-
sentation (verbal instruction with visual
aid) and presentation with visual lexical

support (instruction with a visual word la-
bel). The Wilcoxon signed-rank test was
used for this comparison (Table 2).

When visual aids were presented
with visual lexical supports, children with
hearing impairments exhibited fewer
returns to the area of interest, fewer
fixations, and fewer saccades, indicating
easier perception and reduced cognitive
load compared to identification via au-
ditory instruction alone. The total scan
path length was also shorter with visual
lexical supports, suggesting less need
for detailed scanning and reinforcing the
reduction in cognitive load. Additionally,
the ratio of the area of interest to the total
stimulus area decreased with visual lexi-
cal supports, reflecting a more focused
search area and clearer identification of
the target region. These patterns were
consistent across both subject and plot
illustrations.

Further analysis of eye movement
graphs and heat maps (Figure 1) con-
firmed that visual lexical supports reor-
ganized visual attention and information
selection in children with hearing impair-
ments.
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Table 2

Descriptive statistics of oculomotor activity of children with hearing
impairments with different forms of presentation of visual aids

M (SD)
")
£ © k) S £
3 g - a (2] a o g g.
So%| 85 | 83 | £= c £
Subject illustrations 85| 5 E ES iy 52
SSE| Sx | ES | 22 o8
o+ = © = T 0 ] ©
EQ ° o o I
=1 - - - =
c
M (SD)
Visual clarity without lexical designation 14,85 54 38,14 | 150,30 0,82
(2,46) | (10,04) | (8,43) | (26,06) | (0,000001)
Visual aids with lexical designation 8,28 29,71 20,42 71,43 0,75
(1,72) (9,19) | (7,61) | (21,38) | (0,000001)
Criterion statistics
Z -2,17 -2,35 | -2,11 -2,35 -3,74
Significance 0,03 0,01 0,03 0,018 0,000
M (SD)
0
. © S £ £
3 o a o = ‘C-U' E
Egy 82| B8 | E: | B
Plot illustrations 6%5| 5% ES 8 e 32
ESE| SEx | EQ| 22 o=
27| E¥ | 5o | = g
E2Q o ° o <]
=] - - - -
o
A series of experiments without lexical 8,8 41,8 32 167,84 0,88
designation (0,57) | (11,77) | (9,235) | (50,64) (0,0001)
A series of experiments with lexical 3(1,05) 24,4 20,4 91,84 0,86
designation (8,04) | (7,013) | (27,625) | (0,0001)
Criterion statistics
Y4 -2,53 -2,81 | 2,53 -2,11 -3,162
Significance 0,011 0,005 | 0,011 0,035 0,002

When visual aids were paired with
lexical supports, children with hearing
impairments displayed fewer fixations
and transitions, shorter scan paths, and
more targeted fixations. Fixations were
more sequential, with reduced need to
revisit previously viewed areas, and the
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areas of interest were more clearly de-
fined (narrowing the operational search
field and reducing chaotic scanning). The
spatial density of fixations was more con-
centrated, with attention focused on cen-
tral areas of interest. In contrast, audito-
ry-visual presentation resulted in broader
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Fig. 1. Eye Movement Graphs and Heat Maps of Children with Hearing Impairments

attention distribution, with peripheral ar-
eas processed more extensively.

Compared to typically developing
children, children with hearing impair-
ments exhibited differences in the spa-
tial distribution of attention, including the
direction and sequence of visited areas,
repeatability, and number of shifts. Their
operational field dynamics (areas of in-
terest and search zones) were broader,
often encompassing peripheral and
non-target areas. Typically developing
children showed more sequential fixa-
tions in target zones, with clearer areas
of interest and less need for detailed
scanning.

Discussion

The primary aim of this study was to
investigate the unique characteristics of
visual information processing and the

reorganization of visual attention in chil-
dren with hearing impairments when per-
ceiving educational visual aids. Analysis
of eye movement patterns revealed sev-
eral key insights.

First, our eye-tracking data comple-
ment previous findings that auditory
deprivation in children with cochlear
implants alters the sequence of visual
information processing (e.g., Marschark
et al., 2019), the spatial distribution of vi-
sual attention (e.g., Bavelier et al., 2010),
and results in a broader attentional range
(e.g., Chen et al., 2009; Tharpe et al.,
2005). We also observed distinct visual
search strategies and frequent attention-
al shifts and distractions in children with
hearing impairments.

Consistent with earlier research, our
results suggest that children with hearing
impairments may employ parallel rather
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than sequential processing of visual in-
formation (Stivalet et al., 1998), leading
to an expanded search area and a shift
of interest boundaries to the periphery.
Additionally, their processing strategy
appears more “bottom-up,” character-
ized by chaotic, non-sequential selection
of informational features, frequent strate-
gy changes (particularly under difficulty),
and less efficient perceptual actions.

The study also supports the view that
temporal (sequential) processing of visu-
al information is altered in children with
hearing impairments, potentially affect-
ing visual-temporal processing thresh-
olds (e.g., Nava et al., 2008; Iversen
et al., 2015; Heming et al., 2005). This
may influence the time required to detect
stimuli, identify and compare multiple
stimuli, and the order of stimulus inspec-
tion. Increased temporal characteristics
(e.g., detection time, viewing time) may
be attributed to delays in auditory signal
input from the cochlear implant, disrupt-
ing the synchronization of auditory and
visual stimuli. This effect may be com-
pounded by the cognitive complexity
of perception due to limited vocabulary
and challenges in linking word sounds
to visual objects.

Furthermore, our findings indicate that
children with hearing impairments exhibit
variations in the depth and intensity of
visual information processing, as well as
in the noticeability (“recognizability”) of
images and the mental load associated
with perceiving educational visual aids.

Conclusions

Through eye-tracking, this study has
expanded our understanding of the cross-
modal effects of sensory deprivation on
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both spatial and temporal processes in
visual information processing among
children with hearing impairments.

Additionally, it provides new insights
into the impact of different presentation
formats of educational visual aids — spe-
cifically auditory-visual formats versus
visual lexical supports — on the learning
process in these children.

Our results confirm that the effective-
ness of visual perception in children with
hearing impairments depends on the mo-
dality of presentation, including whether
stimuli can be verbally encoded (Dawson
et al., 2002; Pisoni, 2007) or supported
by visual lexical cues. The presentation
format significantly influences how visual
attention is structured in these children.
Specifically, using visual aids with audi-
tory instructions alone is less effective
than combining visual aids with visual
lexical supports. The latter reduces cog-
nitive load, requires less detailed scan-
ning, and facilitates faster, more efficient
selection of visual information. Auditory-
visual presentation is less effective, likely
due to delays in auditory input from the
cochlear implant, which may hinder the
processing of sequential auditory-visual
stimuli. This is further complicated by
difficulties in linking auditory word repre-
sentations to visual objects, exacerbated
by limited vocabulary. Thus, a bimodal
approach incorporating visual supports
is essential.

These findings have practical impli-
cations for the education and rehabilita-
tion of children with hearing impairments
post-cochlear implantation. Effective pro-
cessing of sequentially presented visual
stimuli, such as educational visual aids,
is vital for speech development, vocabu-
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lary acquisition, and reading skills. In the
learning and rehabilitation process, tran-
sitioning from auditory-visual to purely
auditory perception of spoken language
is a key goal for children with cochlear
implants. Our data illustrate how visual
aids can be integrated into this process
to support this transition.

Limitations. The primary limitations
stem from the small and unique sample
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