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While hearing devices significantly improve audibility, they do not fully address challenges such

as speech understanding in noisy environments” or music perception.”® These unmet needs reflect a
combination of technological limitations, peripheral alterations, and changesin central auditory

processing linked to auditory deprivation.”® At the MAPLab, we aim to develop innovative
rehabilitation strategies to mitigate the effects of hearing loss on the brain’s ability to process
complex sounds and to study emerging technologies that could answer the needs of hard-of -
hearing individuals.

Toward integrating music into hearing rehabilitation: from
exploration to validation
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Music isapowerful tool for training the senses. Playing amusical instrument engages multiple
sensory systems simultaneously: vision (score reading), touch (feeling the instrument’ s vibrations),
movement (producing musical notes), and, of course, hearing. This rich multisensory experience
makes music a unique model for studying brain plasticity across the lifespan. Some of our research
projects examine how extensive musical training shapes sensory processing related to hearing,
vestibular function, and touch. These studies show that musicians exhibit enhanced performance in
specific sensory abilities and improved integration across sensory modalities repeatedly engaged

during instrumental practice.***

Previous research has shown that musical training can help preserve certain auditory abilities with

age, particularly in professional musicians.***® However, it has remained unclear whether these

benefits extend beyond professionals and how musical experience, aging, and hearing loss together

influence music perception in older adults. In our recent study,"” we examined 77 adults aged 60 to
90 with varying levels of musical expertise and hearing thresholds ranging from normal hearing to
clinically significant hearing loss. Participants completed tasks assessing their ability to
discriminate rhythm, melodies, and different musical instruments. An important and concerning
finding emerged early in the study: although many participants believed they had no hearing
difficulties, nearly three?quarters were found to have an objective hearing loss in at least one ear
based on audiometric testing. Despite this, only about one-third reported wearing hearing aids
daily. This underscores how easily hearing loss can go unnoticed and emphasi zes the importance
of promoting early hearing assessment. Moreover, our results showed that individuals with musical
experience consistently performed better across all music perception tasks, independent of age and
hearing loss severity. Greater musical experience was associated with higher accuracy in music
perception tasks.

In contrast, hearing loss was associated with poorer performance in participants with no musical
background. Together, these findings indicate that musical experience is associated with preserved
music perception in older adults, even in the presence of age?related hearing loss. This supports the
potential role of musical training as a complementary approach in auditory rehabilitation and

healthy auditory aging™. Preliminary results from an ongoing longitudinal research project suggest
that this may be the case, although final conclusions will be drawn once the study is completed.
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Vibrotactile gloves for supporting auditory processing

Have you ever placed your hands on aloudspeaker? Y ou can feel some acoustic features: rhythm,
frequency, and even emotional content. So why not rely on another sense, such as touch, to help
compensate for hearing difficulties? We therefore equipped a glove equipped with el ectrodynamic
actuators (sorts of loudspeakers without areal membrane). The resulting vibrotactile glove enabled
us to further study this open question: to what extent can acoustic information be perceived
through vibration. Such vibrotactile concept is already familiar within the Deaf community, where
loudspeakers are sometimes placed on the floor at high volume so music can be experienced
through vibrations felt throughout the body. Despite this, very few technologies currently leverage

tactile cues to enhance auditory perception. Our early studies."**** with vibrotactile glove

prototypes explored how individuals with different auditory and musical backgrounds perceive
music through touch. These studies showed that musicians are particularly good at discriminating
vibrotactile frequencies and identifying complex emotions conveyed by music through vibrations

10-11

alone.”  Deaf individuals also perceived frequency information through vibrotactile stimulation

and showed greater accuracy in identifying simple musical emotions, such as happiness.* Building
on these initial findings, a second-generation prototype was developed in collaboration with

Professor Jérémie Voix from Ecole de technologie supérieure™. This glove was designed to better
transmit complex signals, such as speech and music, alowing usto investigate vibrotactile

detection thresholds”, as well as the perception of timbre™ and timing information”. Key findings

from our recent work® showed that humans can reliably perceive both spectral and temporal
acoustic changes through vibrotactile (VT) input. In addition, combined audio-tactile stimulation
improved discrimination of temporal features, with attack time (time to reach peak amplitude after
onset, akey cue to distinguish different sound sources, e.g. instruments or voices) being the most

salient. In parallel, we also developed and validated an MRI2compatible vibrotactile glove™, where
the strong magnetic fields typically prohibit the use of conventional actuators. This new technology
opens the door to advanced behavioral, cognitive, and neuroimaging studies of how the brain
processes and integrates tactile sound information. We are now currently working on a more
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portable version of the prototype, designed to capture real world acoustic environmentsin real
time for everyday use. The development of vibrotactile technologies is currently limited by gapsin
our understanding of how tactile inputs can support auditory perception and how efficiently the
brain integrates tactile and auditory information. Addressing these knowledge gapsis therefore
essential. Our ongoing research focuses on vibrotactile perception to design tools that meet the
needs of individuals with hearing loss while also providing immersive sensory experiences
accessible to a broader population. Beyond rehabilitation, these technologies may also benefit
musicians by supporting better synchronization and coordination when performing in noisy or
acoustically challenging environments.
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Emergence of new technologies in the field of hearing health

To support the translation of emerging sensory technologies into real-world applications, we
developed an interdisciplinary framework to uncover their potential, facilitate discussion of

challenges, and promote better design practices *. By classifying technologies along shared
continua, this framework enables comparisons across fields and provides concrete guidance for
moving technologies, such as vibrotactile gloves, from the laboratory to everyday use. At the same
time, artificial intelligence (Al) is becoming increasingly present in hearing healthcare, from
diagnostic tools to signal processing in hearing aids. While this shift opens exciting possibilities, it
also raises important questions. Patients and their relatives are often exposed to large amounts of
online information of varying quality, and professionals may feel uncertain about how to use or
explain Al-based toolsin clinical practice. To better understand these challenges, we are working
on several research projects examining how Al is discussed, perceived, and adopted in the hearing

health field. In one recent project,” we analyzed Reddit discussions to explore how patients, their
relatives, and professionals discuss Al in hearing aids. Our findings suggest that social media
platforms have strong potential as channels for patient information, but that current content on Al
and hearing aids remains limited and sometimes incomplete. Educating patients about how to
assess the quality of online information therefore represents a key challenge, especially given that

healthcare professionals are not present in all online communities. Another project”™ used a survey
to examine hearing health professionals’ perceptions of Al integration and identify their training
needs. Among professionals, those who already use Al ?based toolsin their practice tend to have
more positive attitudes toward Al and greater confidence in their ability to use these technologies
effectively. Acrossthefield, there is broad agreement on the need to devel op dedicated training
programs to support the responsible and effective integration of Al into hearing healthcare.
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In conclusion, audiology isarapidly evolving field, shaped by continuous technological
innovation. Keeping pace with these advances is essential to deliver optimal care and improve
patient outcomes. MAPLab aims to bridge the gap between fundamental research and clinical
practice by advancing knowledge of auditory and multisensory perception, developing practical
tools, and supporting clinicians in integrating new technologies. Although thisisthe beginning of a
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long journey, our goal is clear: to create tangible benefits for hearing health professionals and for
people with hearing loss, in Canada and beyond.
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