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Multisensory neurons
are present in newborn
monkeys, but they
acquire their spatially-
specific multimodal
properties during the
first few months of life in
an experience-
dependent manner

(e.g. Wallace and Stein, 2001).

j dominant modality-specific
response
: . multisensory response

.
O
o
1

—
o
o
I

specific response

% of dominant modality-
0N
o
Eig

neonate adult

Development of multisensory abilities depends
on early perceptual experiences



Cross-sensory calibration theory

Visual experience is crucial
for spatial auditory skills
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How does
multisensory
Integration develop
when vision Is
missing?
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Brain and Multisensory Development
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Wakefulness Sleep
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Perceptual clinical index under 3yo



Brain and Multisensory Development
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Brain and Multisensory Development

Cross-hand tactile
localization

Left-right audiotactile
localization

Cross-hand tactile
localization

Left-right audiotactile
localization
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A Tactile only B Auditory only

uditory stimulus
actile stimulus
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Vision plays an
essential role from
the very first years
of life in the ability

to remap
somatosensory
information into
external space.
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Gori et al., 2021, Current Biology
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ipsi contra

Gorit, Vitalit, et al., 2025 Iscience

ERP amplitude(uV)

ERP amplitude(uV)

%k %k k

ipsi contra

X kK

ERP amplitude(uV)

ERP amplitude(uV)

-©- Sipsi

-©- S contra
SVI ipsi
SVI contra
* kK
left
f
1
B
ipsi contra
CP
* % % TP
LMM: ERP mean~
Group(SVI/S)*Posture(Un
crossed/Crossed)*
Laterality(Ipsilateral/Cont
ralateral)+(1|participant).
ibsi Eontra

13



Vision drives the development of the specific neural mechanisms related to spatial remapping.

Sighted
N=12

Gorit, Vitalit, et al., 2025 Iscience
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Hp: Are the senses they mainly refer to different?

O

Gori et al., 2021, Current Biology
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A Tactile only B Auditory only

uditory stimulus
actile stimulus
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Stronger integration in sighted than in SVI infants
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SVI infants tend to follow tactile stimuli, while S children
respond more to sounds

SVi

100

% of orienting responses directed towards the stimulus
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MSI localization: neural mechanisms involved

Congruent

Earlier processing (105-120 ms)
S stronger activation in auditory areas,
SVI stronger activation in tactile areas

Later processing (180-220 ms)
S stronger activation in Fronto-Central
SVI in Centro-Parietal area

Incongruent

Earlier processing (45-65/105-120 ms)
S stronger activation in auditory and
tactile areas with opposite behaviors,
SVI stronger activation in tactile areas

Later processing (180-220 ms)

S behaviour modulates Fronto-Central
activation

SVI no significant activation is
modulated by behaviors

19
Calafatello et al., in preparation



Brain and Multisensory Development
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Brain and Multisensory Development
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These results highlight
the importance of
sensory interaction in
scaffolding multisensory
integration and body
representation in infancy
and during development.
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From: Madake, J., Bhatlawande, S., Solanke, A., & Shilaskar, S. (2023). A qualitative and
quantitative analysis of research in mobility technologies for visually impaired
people. IEEE Access, 11, 82496-82520.

24



Audio Bracelet for Blind Interaction
designed to facilitate body perception
and movement in children with visual

impairment

After 3 months of rehabilitation with ABBI,
visually impaired children (5-15 y.o.) show
improvements in spatial localization and
movement reproduction tasks.

(Evaluation of the Audio Bracelet for Blind Interaction for improving mobility and spatial cognition in early blind children — A pilot study,
Finocchietti etal., IEEE EMBC 2015)



A smartphone and smartwatch application that
contains a set of active and social "plug-and-
play" audio-motor games based onthe
augmentation of body movements via sounds
and vibrations. This app will allow tracking of the
child's performance over time.

\ Dr. Davide = \ o
Esposito : il Dr. Dr. Nicolo
B  Walter Balzarotti

Setti

https://sobu.app/



It is a multisensory device to promote body
and spatial awareness in visually impaired
infants and children

Petri, S., et al. 2025, IEEE MeMea; Gori M., et al., 2025, Frontiers in Psychology

Body perception

Space perception



Experimental procedure

asa 6 blindfolded children Task

Y 3 types of objects: markers,
iReach 2 (1F meanage6+SD 1.4y.0.) cubes, balls

ABBI 2(2M, meanaged+SDO0y.0.) % '—'-‘
@ 2 (1F, meanage 5+ SD 2.8 Yy.0.)

3 box positions: left, center,
right

18 trials in total

') Children using ABBI and iReach complete the task
faster than those without devices

Hypotheses

,‘,‘) Children using iReach complete the task faster than
those using ABBI
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Preliminary results

S Children using ABBI and iReach complete the task
faster than those without devices

, _ Children using iReach complete the task faster than
Only the trials where the object entered the box those using ABBI

were considered

** p<0.005
g — - 1 ( - - \
b & | Multisensory devices can
£ © _ | help blindfolded children
£ ' to be faster during a
£ T ] ; g playful task
g 7 — —— iReach lets children

complete the task as fast
as with ABBI

ABBl e @

Longer training with iReach would support the child to fully understand
sensory feedback spatial modulation 29



A framework designed to guide blind people along user-
created paths. It relies on the principle of sonification: the

Sonification ?f NaVIg?’Flon and conversion of motion-tracking data into auditory stimuli.
Interactive Activities
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Montagnani, Memeo, Guarischi, Catalano, Crepaldi, Signorini, Gori (2025): SONIA: a Real Time Automated Framework for
Sonification and Interactive Activities in Visually Impaired Children. IEEE EMBC, Copenhagen, Denmark



Table 1. Summary of p-values calculated with the ezPerm function to test
effects in Groups (children vs adults). Condition (ON vs OFF) and their

P Bambini bendati Adulti bendati Hections.
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From: Madake, J., Bhatlawande, S., Solanke, A., & Shilaskar, S. (2023). A qualitative and
quantitative analysis of research in mobility technologies for visually impaired
people. IEEE Access, 11, 82496-82520.

Our technology aims to support therapists in the rehabilitation of
sensory-motor functions, spatial perception, and body awareness.
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Thanks for your attention!
Helene.vitali@iit.it
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