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Everyday speech communication typically involves a combination of auditory and visual
modalities — people listen to atalker and can see their lip and facial movements as they speak.
Visual cues are especially beneficial for speech understanding in older adults with hearing loss,
which may help them compensate for age-related decline (Hallam & Corney, 2014). It is unclear
how visual speech affords these benefits, and answering this question has implications for
interventions that improve speech communication in this population. For example, older adults
with hearing loss who use hearing aids often have difficulty understanding speech-in-noise, but
rehabilitation programs that encourage visual cues may remediate these challenges (Bernstein et
al., 2022a). Here we review two lines of evidence that address how visual functioning could be
altered with age-related hearing loss. First, we consider studies that demonstrate enhanced visual
processing or audio-visual integration. Second, we consider neuroplastic brain changes that arise
after hearing loss that could modify how visua information is processed.

Audio-Visual Integration

Visual speech cues aid auditory speech through audio-visual integration, or how the brain
combines information from sight and sound. A basic question is whether older adults are better
integrators of auditory and visual speech or if they integrate these signals differently to compensate
for their hearing loss. There is extensive literature on audio-visual integration and aging, including
many studies finding stronger integration effects in older adults (e.g., see review by Pepper &
Slade, 2023). A mgjor issue with concluding this research is that hearing and visual acuity are often
not measured in participants, affecting amost half of studies (Basharat et al., 2022). Without
assessment of sensory acuity, it is difficult to determine if integration effects arise specifically asa
consequence of sensory decline or because of widespread changes in cognition or perception due to
aging. In addition, hearing acuity is measured using different methods (self-report or audiometry)
or different calculations (better ear pure-tone average below 4 kHz, or PTA across higher
frequencies), limiting conclusions that can be drawn across all studies. So, whileit is plausible that
audio-visual integration is enhanced in age-related hearing loss, firm conclusions are tempered by
mixed findings and inconsi stent methodol ogies.

Studies designed to investigate age-related hearing loss directly suggest that audio-visual
integration occurs differently, where integration could be biased toward the sense of vision as
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compensation. The McGurk effect is one classic form of audio-visual integration, which occurs
when a person experiences an illusory speech utterance from conflicting visual and auditory speech
signals (McGurk & MacDonald, 1976). As an examplein Figure 1, presenting an auditory
phoneme /bal aligned with a video of a person speaking the phoneme /ga/ sometimes yields the
illusory perception of /da/, afusion of the audio and visual phonemes. Whether people perceive the
auditory or visual phoneme, or afusion of the two, can inform whether they weigh one sensory
mode more heavily over another. In support of abiastoward visual input, people with age-related
hearing loss, as well as cochlear implant (Cl) recipients, appear to experience McGurk fusions
more frequently compared to typical-hearing participants (Rosemann & Thiel, 2018; Stropahl &
Debener, 2017). This suggests that the visual modality more influences people with hearing loss
because of hearing loss.
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Figure 1. (A) The McGurk Effect. Hearing the auditory phoneme /ba/ at the same time as seeing a video
of a person speaking the phoneme /ga/ produces the perception of /da/, anillusory “ fusion” of the
auditory and visual phonemes. People with hearing loss are more likely to experience these fusions. (B)
The sound-induced flash illusion. Two tones are played in quick succession, but only the first toneis
paired with a visual flash. The illusion occurs when a person experiences a perceptual “ flash” paired
with the second tone, outlined in red. People with untreated hearing loss are less likely to experience
thisillusion.

The sound-induced flash illusion is another commonly used illusory stimuli for assessing audio-
visual integration (Shams et a., 2000). In thisillusion, two auditory tones are played in quick
succession. The first toneis paired with avisual flash, while the second is not. Participants
sometimes perceive an illusory visual flash with the second tone even though it is absent, which is
the sound-induced illusory flash. Interestingly, adults with untreated hearing loss perceive the
second flash |ess often than hearing aid users with similar hearing loss and age (Gieseler et al.,
2018). Thisillusion may be driven by stronger weighting toward the auditory tone than the visual
flash: participants with better hearing can encode the tone reliably, allowing for integration that
leads to the illusion. Integration islesslikely if the auditory signal islessreliable due to hearing
loss (Geiseler et al. 2018), and theillusion isless frequent. Thisfinding could be the other side of
the same coin concerning the McGurk effect in age-related hearing loss, where both effects suggest
areweighting of sensory integration toward vision and away from hearing. In agreement, other
studies have shown that visual distractors more easily influence people with hearing loss within
auditory tasks than the effects of auditory distractors within visual tasks (Puschmann et a., 2014).

Oneissueisthat theseillusions may not reflect the audio-visual perception of natural, everyday
communication. For example, performance on the McGurk task is not correlated with audio-visual
speech perception in typical-hearing adults (Van Engen et a., 2017) or Cl users (Buteraet al.,
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2023). Despite this limitation, recent research supports that visual speech benefits age-related
hearing loss. For example, a study using continuous, natural speech-in-noise shows that people
with age-related hearing loss benefit more from seeing the talker, both in speech understanding and
brain responses (Puschmann et a., 2019).

Are people with hearing loss better lip readers, which may explain visual benefits? Findings are
mixed. One study found that people with hearing loss have similar speechreading performance for
phonemes and sentences compared to typical hearing controls. Still, there is a slight improvement
in perceiving isolated visual words (Tye-Murray et al., 2007). However, when audio-visual words
were presented with individualized background babble for each participant, word perception was
similar across both groups (Tye-Murray et al., 2007), making it unclear whether speechreading
supported audio-visual speech perception in noise. These findings imply that lipreading ability
does not emerge tacitly with hearing loss in aging. Alternatively, intentional speechreading training
could be a promising way to improve speech-in-noise perception, and interest in speechreading has
recently emerged. Bernstein and co-authors (2022a) highlight that poor lipreading ability in adults
with and without hearing loss leaves a high ceiling for improvement, and atraining study in
younger typical-hearing adults shows that speech reading can improve audio-visual speech
perception in noise (Bernstein et a., 2022b). A promising recent finding showed similar effectsin
middle-aged and older adults (Schmitt et al., 2023).

Cross-modal Plasticity

Neuroplastic changes to the brain may also influence visual abilities that occur after hearing loss.
Research in deaf humans and animals clearly show that the auditory cortex —which is no longer
receiving input from the ear — can be remapped or repurposed to support visual functions such as
improved acuity in the visual periphery or motion detection (Lomber et a., 2010; Lambertz et al.,
2005). This cross-modal form of plasticity appears to occur in noise-induced or age-related hearing
loss that does not |lead to total deafness, as has been shown in animal models (Schormanset al.,
2017) and human EEG studies (Campbell & Sharma, 2014; Stropahl & Debener, 2017).

One concern with visual cross-modal plasticity is how it affects speech perception. For example,
speech outcomes In Cl users are worse for individuals who show evidence of cross-modal
plasticity in brain recordings made before implantation (Lee et a., 2001). The explanation was that
if auditory cortical neurons were recruited to perform visual functions during the period of
deafness, they would not be available to support auditory speech perception during rehabilitation.
Based on these findings there have been recommendations to limit visual language use if it
encourages cross-modal plasticity. Adults with mild-to-moderate hearing loss also show worse
speech-in-noise perception if they have larger brain responses to visual events (Campbell &
Sharma, 2014), supporting this view. However, more recent research has argued against the view
that cross-modal plasticity is detrimental. Cross-modal plasticity does not appear to interfere with
the responsiveness of the auditory cortex to cochlear implantation in a cat model of hearing (Land
et al., 2016), and in humans, some research shows that cross-modal activation of the auditory
cortex after hearing restoration is related to better, not worse, speech outcomes (Anderson et al.,
2017; Paul et al., 2022). These findings further motivate studies incorporating speechreading to
improve speech-in-noise perception (Schmitt et al., 2023; Bernstein et al., 2022a). Monitoring
visual brain responses during rehabilitation could reveal whether visual cross-modal plasticity
accompanies these benefits.
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Conclusions

The above studies highlight current evidence for altered visual processing in age-related hearing
loss which is supported by (1) increased reliance on visua information or possibly enhanced audio-
visual integration or (2) visual cross-modal remapping of the auditory cortex which could affect
speech perception. However, some of this research is limited by how well findings generalize to
day-to-day speech perception and the inconsistency of methods and measurements across research
studies. Nonetheless, visual speech cues are beneficial for speech perception (especially in noise),
could involve neuroplastic changes in the brain that better support vision, and can be used to
inform more effective courses of rehabilitation for older adults with hearing difficulty.
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