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Abstract | Digital information has permeated all aspects of life, and diverse forms of information 
exert a profound influence on social interactions and cognitive perceptions. In contrast to the 
flourishing of digital interaction devices for sighted users, the information interaction needs of 
blind and low-vision (BLV) users have not been adequately addressed. Current assistive devices 
often lead to frustration among BLV users due to limited information delivery efficiency, 
reliability, and increased cognitive load. With the expected rise in BLV prevalence due to global 
population aging, there is an urgent need for assistive devices that can deliver information non-
visually and effectively tackle the challenges this community currently faces. Here, we present 
three potential directions to address this issue: multisensory learning and integration, gestural 
interaction control, and the synchronization of tactile feedback with large-scale visual language 
models (LVLMs). We also explore future trends in assistive devices, focusing on metrics for text 
delivery efficiency and the enhancement of image content delivery, thereby enriching the lives of 
BLV users in the digital age. 
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Introduction 
 
Vision impairment is a major global issue, impacting 2.2 billion people (27.5% of the world's 
population. Of these individuals, 70% have low vision and 2% are blind1. With its close link to age, 
the prevalence of blind and low-vision (BLV) is expected to increase rapidly as population aging 
rates accelerate globally2. For the rapidly increasing BLV population, accessing the already 
ubiquitous digital information for education, social interaction, and entertainment can be 
challenging as nearly all current digital interactions rely on vision3,4. This reliance results in 
unintended bias and unfair treatment towards BLV groups. Therefore, there is an urgent need for 
assistive technologies that enable digital interaction for BLV individuals. These devices could 
potentially enhance their daily quality of life, improve their employment opportunities and 
prospects, and promote greater social inclusivity and equality. 

For BLV individuals, interacting with information poses challenges. With impaired vision, BLV 
individuals need to utilize non-visual information delivery (NVID) approaches, including auditory, 
tactile, and multimodal interactions to facilitate content comprehension. Although current 
devices offer plausible substitutes for BLV users, the representation of visual information by these 
devices is often incomplete or even inaccurate3,5,6. Another critical limitation is that these devices 
typically convert visual elements into text descriptions, which are often not timely and may fail to 
fully capture the richness of visual information5,7,8, preventing BLV users from selectively 
comprehending key information. Such inadequacies in information representation arise from an 
insufficient understanding of users’ personalized interaction needs and the complexities of 
multimodal information presentation. Therefore, the research and development of intelligent 
assistive devices that provide efficient and rich information delivery is particularly urgent and has 
significant application value.  

In this Perspective, we will review and summarize the developments and challenges of assistive 
devices in terms of delivery efficiency and cognitive burden, as shown in Fig. 1, and propose design 
ideas for future wearable assistive devices that may break through the knowledge gap, including 
optimizing multisensory learning, synchronizing haptic large-scale visual language models (LVLMs), 
and combining gesture interaction control. Our aim is to provide theoretical and technical insights 
for the development of assistive wearable devices in NVID for BLV people and seeks to raise 
societal awareness regarding the needs of the BLV community in digital information. 
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Figure 1 | Overview of challenges and perspectives for current wearable devices in achieving 
digital information interaction for BLV people9–13. Current wearable devices provide multimodal 
feedback such as audio descriptions of scenes and braille-to-speech translations, but their 
limitations in sequential information output, reliability issues, and low-quality descriptions pose 
significant challenges for BLV users. Utilizing synchronized haptic LVLM, multisensory learning, 
and user gesture interaction may help alleviate these difficulties. 

 

Recent advancements in assistive wearable devices research for BLV people 

 
Current assistive hardware 
 
The rapid advancement of wearable devices aligns with the growing demand for a convenient and 
vibrant life, bringing new application opportunities across various fields14,15. Wearable devices, 
integrating sensors and wireless communication technologies into glasses, headgear, 
smartwatches, fabrics, and e-skins, enable real-time and continuous collection of users’ 
physiological information16. These devices can monitor various parameters, including body 
temperature17, respiration18, posture monitoring19, attention tracking20, and safety assurance21. 
This multifunctionality has spurred applications in virtual and augmented reality (VR & AR)9,22, 
education15, communication23, and assistive technologies24.  

Among these advancements of wearable devices, a significant emphasis has been placed on 
assisting BLV people to improve their navigation and mobility. These researches use various 
sensors to perceive the environment and relay information to users25,26. A typical example of 
these devices is the LightGuide cap27, which employs a set of sensors and light cues for guiding 
BLV people with a certain level of light sense. These types of aids bring improvements to the 
mobility of BLV users. Compared to the significant efforts to navigation and mobility, however, 
only a relatively small number of research focused on the issues of the accessibility of information 
for BLV people. These devices that help information accessibility come in the form of auditory, 
surface tactile, audio-tactile, or wearable tactile devices, as illustrated in Fig. 2. The typical 
function of auditory devices are audio description and assistive reading, which help BLV users 
recognize text and convert it to audio output. Wearable tactile interaction represents an 
innovative form of assistive technology that greatly enhances the portability of devices and 
provide greater operational freedom. For example, the wearable Braille platform, as shown in Fig. 
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2d28, utilizes the sequential inflation of air capsules to mimic the sensation of sweeping a finger 
across a Braille letter. Additionally, some currently non-wearable technologies such as braille 
displays29–31 and tactile graphics32–34, show potential to become wearable in the future. These 
tools are crucial for helping BLV people access text and images and could be further developed to 
enhance their usability and convenience. Besides, audio-tactile devices, primarily designed for 
educational and creative environments, are also effective in enhancing user engagement and 
understanding. A11yBoard35, for instance, enhances the accessibility of creating digital artworks, 
while T-Pad36 and PantoGuide37 assist BLV students to understand and interpret graphics. While 
these assistive techniques and productions can provide real-time assistive service for BLV users, 
they suffer from deficiencies like the inherent inefficient information delivery rate.  

 

 

Figure 2 | Overview of current methods in achieving information interaction for BLV people. a, 
Scheme for audio interactions, including audio data narratives for charts38, audio description for 
videos and images39 and object shape perception with sonification40. b, Scheme for tactile 
interactions, including refreshable braille displays30,41, lithophanes42, and tactile displays43. c, 

Scheme for audio-tactile interactions, including the accessibility of charts and graphic in 



5 
 

educational environments36,37,44 and image exploration systems in social webpages45. d, Scheme 
for wearable tactile interactions, including the wearable braille recognition platform28 and 
wearable tactile watches46,47. 
 
 
Software design for BLV accessibility 
 
Accessible visualization software for BLV people has been developed to display charts, images, 
and artworks. Current research can convey charts and images through sonification and alternative 
texts (Alt Texts), which are generated descriptive texts to alternatively describe visual items. 
These visualization schemes are compromised solutions since Alt Texts does not support 
autonomous user interaction and exploration, and sonification imposes an additional cognitive 
burden on users. Some chart visualization schemes propose structured navigation and 
conversation interaction to compensate for these shortcomings7,48–50. For image information, 
researchers have explored various algorithms to enhance the visual experiences for BLV users. 
Notably, ImageExplorer45 system has been developed for touch-based exploration, and the 
efficacy of utilizing music and haptic elements for the accessibility of artwork has also been 
demonstrated. Furthermore, with the development of smartphones and artificial intelligence (AI), 
various types of visual assistance apps, such as Seeing AI51 and Be My Eyes52, have become 
available for BLV users53. These apps rely on capturing images to perform AI-driven image 
recognition, providing real-time descriptions of the environment and objects. However, these 
accessible tools also suffer from challenges that will be elucidated in the next section. 

 

Challenges in non-visual information delivery 

 
Low delivery efficiency caused by sequential information output 
 
Current assistive wearable devices mainly utilize speech and braille to convey information11,54,55, 
which present information as sequential letter streams, posing challenges for BLV users who need 
to efficiently locate specific content or skim through large volumes of data. Such sequential 
navigation demands extensive time for key information extraction and requires BLV users to 
retain and mentally manipulate more information than is typically feasible for humans56. 

When engaging with content that embodies spatial, temporal, and structural elements, such as 
images, videos, charts, and maps, BLV users are confined by the analytical capabilities of assistive 
technologies because they hinder users' ability to independently perform in-depth analysis or 
explore information at various levels of detail5,8.  

In addition, BLV users also require time to learn and adapt to the information delivery methods 
of different assistive devices. This learning burden is further complicated by the lack of 
comprehensive accessibility tutorials for many assistive devices, thus impeding independent 
utilization57. NVID is symbiotic with assistive devices, and the effectiveness of information delivery 
is dependent on the capabilities of the particular assistive device. Although current NVID methods 
are plausible solutions for improving information accessibility for BLV users, it is unreasonable to 
expect these users to learn different systems to meet varying information needs. 
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The cognitive burden caused by low-quality Alt texts 
 
BLV users often depend on Alt Texts to decipher images and complex non-textual information58. 
However, previous studies have shown that Alt Texts often lack quality, miss crucial details, and 
struggle to accurately describe complex images or tables6,59,60. Such inadequacies impose 
considerable cognitive demands on users. 

Current Alt Texts are designed to be over-simplistic and lack substantial meaning. The mainstream 
Alt Texts, such as image captioning and scene description, are typically generated by computer 
vision techniques61–63. Such algorithmic methods generally adopt a one-size-fits-all description 
approach, resulting in descriptions with insufficient details. This may hinder contextual 
understanding of images and exacerbate cognitive burden.  

For poor-quality images, the robustness of image description algorithms becomes another issue. 
Images taken by BLV people without visual feedback often suffer from common issues, including 
improper lighting, focusing, blur, and occlusion of areas of interest64–66. These issues may result in 
BLV users receiving inaccurate and incomplete descriptions, potentially leading to dangerous 
situations, or compelling them to expend considerable effort to verify and understand the 
information. 

Alt Texts also struggle to reflect the structure of the spatial layout and the interaction among the 
image elements, making it challenging for users to form vivid mental visualizations67. Images 
convey information in an inherently non-sequential way, and even if the quality of Alt Texts 
improves, the loss of information when sequentially representing this content is inevitable. This 
is particularly true in expressing the spatial structure of the image, the relationships between 
elements, and the emotional atmosphere conveyed by the images8,45,60. Such an information gap 
not only impedes full comprehension of the narrative and context but also restricts the 
imaginative capacity of the user. To bridge this gap, BLV users may have to depend on additional 
sources, such as background knowledge or prior knowledge, to mentally reconstruct and interpret 
the image, further increasing cognitive complexity.  

Designing assistive wearable devices in achieving informative interaction for BLV 
people 

 
Boosting the delivery efficiency through multisensory stimulation 
 
Multimodal sensory stimulation, which leverages the principle of multisensory integration, can 
effectively modulate attention within specific modalities68,69. Such an approach may significantly 
enhance the ability of BLV individuals to acquire a larger volume of information while 
simultaneously reducing the learning efforts. The following table provides an overview 
comparison of the learning costs, cognitive burdens, and amount of information required with 
current assistive technologies. 

Table 1 | Comparison of the assistive technologies dedicated to BLV people 
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Method  Learning  
cost* 

Cognitive 
burden** 

Information 
volume*** 

Data form Interaction 
form 
(A=Audio, 
T=Tactile,) 

Audio narratives38 

 

Low High High Charts A 

Image sonification70 Moderate Moderate Moderate Natural 
Images 

A 

HILM71  Low Moderate Moderate Natural 
Images 

A 

Chart Reader48 

 
Moderate Moderate Moderate Charts A 

Voxlens72 

 
Moderate Low High Charts A 

Tactile line73 NR Moderate Moderate Natural 
Images 

T 

3D-print map74 Moderate Moderate Moderate Tactile 
Graphic 

T 

Tactile heatmaps75 

 
Low Moderate High Charts T 

Braille Key36 High Low Moderate Tactile 
Graphic 

T 

Digital Key36 Moderate Moderate Low Tactile 
Graphic 

T 

ATR76 

 
Low Low High Charts A+T 

A11yBoard35 Low Low NR Digital 
Artboard 

A+T 

ImageExplorer45 High High High Natural 
Images 

A+T 

Angel’s Girl77 Low Low High Digital 
Artboard 

A+T 

AccessComics78 Low Low NR Comic 
Images 

A+T 

TPad System36 Low Low High Tactile 
Graphic 

A+T 

InChorus79 

 
Low Moderate High Charts A+T 

*According to the quantitative analysis or qualitative descriptions related to learning cost in the 
corresponding research.  



8 
 

**According to the quantitative analysis or qualitative descriptions related to cognitive burden or 
mental load in the corresponding research.  
***According to the quantitative or qualitative discussions related to the information volume 
delivered to participants in the corresponding research. We listed the specific evaluation methods 
used in these studies to assess learning costs, cognitive burden, and information volume, along 
with the discussions of our ratings in supplementary table 1. We aim to compare the 
characteristics of different methods, with no intention of providing any objective comments on 
the studies. 
 
Table 1 shows that assistive technologies designed for multimodal interaction typically result in a 
lower learning cost and relatively high information volume for users. Multimodal stimulation 
activates multiple senses concurrently and enhances information processing more effectively 
than single-sense stimuli. Stein et al.80 elucidate the neuroscientific principles of this 
enhancement, showing that multisensory processing activates more complex neural activities 
than single-sensory input. This collaborative neural activity bolsters perception and attention, 
furnishing BLV users with a more comprehensive analytical framework for decision-making—a 
vital support considering their reliance on non-visual sensory input80. The amalgamation of tactile 
and auditory stimuli has also been shown to improve BLV individuals' spatial awareness and 
comprehension of data representations81–83. 

According to the above findings, multisensory learning could effectively improve the efficiency of 
information processing. However, simply combining sensory inputs may not fully account for their 
interactions or harness their potential synergistic effects. Fox et al.84 demonstrated that 
modulating auditory input frequencies can improve tactile perception accuracy through an 
auditory-tactile frequency modulation mechanism, suggesting that sensory interactions can be 
finely optimized. By tuning special frequencies for multisensory integration, one can enhance 
perception accuracy and consistency, which is crucial for the design of assistive devices to ensure 
efficient information processing and comprehension84. 

Moreover, the balance between complementary information and sensory occupancy should be 
carefully considered. Vercillo et al.85 showed that attention to auditory stimuli significantly 
improves auditory accuracy and indirectly affects haptic accuracy when performing spatial 
localization tasks, resulting in an optimized perceptual output during the integration of auditory 
and haptic senses. This evidences the premise that sensory complementarity and the intentional 
direction of modality-specific attention can fortify the veracity of integrated sensory information. 
In the context of assistive device design, the delivery of information should balance between 
primary and secondary modalities: auditory output can serve as the principal channel for holistic 
information description, while haptic feedback can localize and underscore critical data, thereby 
facilitating information transmission and comprehension. Furthermore, the assistive device 
should be able to dynamically adjust the weight of auditory and haptic inputs according to the 
BLV user's attention to further optimize the balance of the multisensory integration process. 

Relieving the cognitive burden through large-vision-language-model 

The advent of AI, particularly through the deployment of large vision models (LVMs) and large 
language models (LLMs), presents a number of potential solutions to alleviate the cognitive 
burden challenges inherent in the information interactions of the BLV people86,87. These systems 
facilitate a range of functions such as assisted reading49,88, target scene recognition51,52 
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appreciation89,90, and creating arts77,91. With the prevalence of large models, commercial assistive 
software and devices integrated with AI have demonstrated exciting prospects, such as Be My 
Eyes52, Seeing AI52, and OrCam eyes Pro92. Although these AI vision assistive methods have been 
recognized by many BLV people to be helpful in daily life, they are still not satisfied with the 
performance when reading nonplanar, unformatted information53,93. It often captures the main 
elements of an image without sufficient details. These systems frequently fail to provide feedback 
according to the prompt for the region of interest, and even require users to re-upload images, 
particularly when the initial images are of low quality. 

Spatial awareness can also impose an extra cognitive burden, which is a critical concern for BLV 
people. Prior researches8,45,60,94 have indicated that spatial awareness of autonomous exploration 
allows users a more profound sense of spatial distribution and element size, fostering a sense of 
agency that enhances their ability to vividly imagine the imagery. Haptic feedback has been 
demonstrated as an effective method for enhancing spatial awareness95–97. Therefore, it is 
essential to design a large visual-language model framework for assistive wearable devices that 
supports synchronized haptic output and is robust to low-quality images. This integration not only 
delivers audio output of image descriptions but also empowers users to actively investigate the 
spatial arrangement of elements via haptic feedback, helping them comprehend the size and 
spatial relationships within image scenes. 

Enhancing the interaction efficiency and reliability through gesture-based interaction 
technologies 
 
Gesture-based interactions offer a unique and significant advantage in the realm of information 
exchange98, especially for BLV individuals. Most of the currently available assistive devices and 
smartphone apps require the use of both hands, which is impractical during many daily operations, 
particularly when a white cane is required. Previous research also demonstrated that BLV users 
prefer not to have both hands fully occupied while traveling99,100. A key benefit of gesture 
interactive controls is that they can alleviate the constraints of having both hands occupied. For 
example, a simple swipe or pinch gesture with a single hand can be used to accelerate or pause 
audio content, providing an efficient interaction form and keeping one hand free. Compared to 
audio or haptic feedback, gestures can also mitigate privacy concerns and minimize attracting 
undesired attention in public spaces 99,101,102. For example, for BLV individuals, operating those 
currently available assistive devices often relies on sounds or vibrations, which may cause 
discomfort or self-consciousness, especially in noisy environments or noise-sensitive 
environments such as crowded transportation hubs and libraries. Consequently, gesture-based 
interactive controls within assistive devices are essential, allowing BLV users the capacity to 
operate the device with one-handed gestures, thereby facilitating efficient access to crucial 
information. 

Gestures provide a more convenient and simpler mode of human-machine interaction. By 
integrating assistive devices with gesture recognition technologies, BLV people can interact with 
devices effortlessly, enhancing interaction efficiency. For example, when engaging with audio 
output, BLV users could employ gestures to adjust the speed and the position of reading or to 
command repetitions. This integration requires the utilization of sensitive, adaptable, and reliable 
sensors, as well as high-speed synchronized communication, to deliver an immersive and 
seamless feedback experience. 
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To enhance the user experience quality for BLV individuals, integrating haptic feedback into 
gesture interactions is helpful, as it provides more degrees of freedom (DoFs) for information 
exchange between users and devices, which can significantly improve interaction efficiency and 
reliability. This real-time feedback can prompt users whether the gesture was successfully 
recognized by the device103,104. By ensuring consistent and accurate interpretation of user inputs, 
haptic feedback increases the device’s dependability across diverse situations. Additionally, haptic 
feedback guidance facilitates the learning of new gestures. By providing tangible cues associated 
with specific actions and prediction prompts, users can understand and memorize the desired 
action more quickly. This provides BLV users with a more intuitive and user-friendly assistive 
experience. 

Assistive wearable devices in delivering text and image 

 
We used the word per minute (WPM) metric as the evaluation standard (reading English as an 
example to compare the reading efficiency through different assistive technologies, as presented 
in Fig. 3. As a reference, sighted individuals’ average reading speed is around 251 WPM, with an 
upper limit of 500 WPM due to the physical limitations of the human eye's information processing 
capacity105. Braille users typically read paper-based materials at around 120 WPM, with more 
skilled individuals reaching up to 170 WPM by employing refined hand movement techniques and 
precise localization106,107. Most braille displays, however, are constrained by the limited text lines 
with 12-80 braille units, which further restrict reading speeds to 30-50 WPM108. Meanwhile, 
researchers have found that BLV individuals can develop a more sensitive sense of hearing, 
enabling them to adapt faster audio output speeds, reaching up to 278 WPM109,110 (As a reference, 
people typically speak at an average speed of around 150 words per minute111). By utilizing Text-
to-Speech (TTS) technology, they can achieve higher reading efficiency while maintaining 
comprehension. However, to reach or even exceed the visual upper limit of 500 WPM, current 
assistive technologies need to move beyond a single mode of information delivery and 
incorporate capabilities for text compression and reasoning.  

LLMs utilize their deep understanding of language and context to identify key details and remove 
redundancies, showing the potential to enhance reading efficiency112,113. This capability to distill 
information into concise summaries improves readability, making information consumption 
faster and more accessible. Consequently, assistive wearable devices integrated with LLMs are 
expected to further optimize WPM metrics and improve the efficiency and accuracy of textual 
information delivery. These devices can also customize information based on user preferences 
and context. Ultimately, they may reach or even exceed the visual upper limit of information 
extraction. 

 



11 
 

 
Figure 3 | Comparison of the reading efficiency (WPM) for assistive technologies. Braille and 
braille displays have significantly lower reading efficiency compared to sighted individuals, and 
TTS allows BLV people to read at speeds comparable to or exceeding those of sighted people. 
With the combination of the tactile, TTS, and LLMs, the WPM may approach and even exceed the 
upper bound of optimal reading speed. 
 
 

Another important task for assistive devices is the delivery of image information content. Images 
are at the heart of information in digital communications, and BLV users need to rely strongly on 
image descriptions to access them and stay up-to-date. Coverage of image descriptions on 
mainstream websites was estimated to be approximately 72%114. As research advances in 
optimizing image descriptions, studies have shown that BLV users prioritize elements such as 
emotion, location, color, activity, and objects8. Additionally, they emphasize the significance of 
including the number of people, facial expressions, and gestures in social media descriptions6. 
Although the above studies provide guidelines on how image descriptions should be presented, 
they overlook the information preferences of different BLV users. Research found that one-size-
fits-all image descriptions do not meet the accessibility needs of images, and that contextual 
information is essential for users to understand images115,116. To address these shortcomings, one 
approach used a multimodal model that integrates textual and visual information from social 
media to generate more accurate and contextually relevant descriptions117. However, this 
approach is limited to images with accompanying social media posts and struggles with 
contextless images and text recognition errors.  

Considering the above findings, future assistive wearable devices should integrate context-
awareness capabilities to recognize key visual elements in images. This involves enhancing the 
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collection and utilization of contextual information and supporting real-time analysis of image 
content and contextual information from different sources. The visual elements of foreground 
and background content that assistive devices need to highlight on different types of images are 
summarized in Fig. 4. In scenes without characters, the foreground comprises the designated 
target and its relative spatial positioning, while the background encompasses locational context 
and accompanying textual details. Conversely, in event-type scenes characterized by the presence 
of characters, the foreground is dominated by the characters and their interactions. In such 
images, users typically prioritize the characters, necessitating a detailed description that 
encompasses aspects such as gender, celebrity status, and facial expressions. Background 
elements in these scenes often include architectural characteristics and any relevant text 
information. This could enable BLV users to access not only the factual narrative of the image, but 
also to understand the spatial layout, the interaction of the elements in the scene, and the 
emotion or atmosphere conveyed, thus making the visual information conveyed by the text 
accessible and meaningful. The cognition difference between congenital BLV and acquired BLV 
people should also be considered. For congenital BLV individuals, descriptions should emphasize 
non-visual details and highlight the functionality of the object. Conversely, descriptions for those 
with acquired BLV can be more effective by leveraging their visual memories and familiar visuals. 

To further help BLV individuals to connect to society, social media and crowdsourcing platforms 
can be connected to future assistive wearable devices via APIs to automatically gather relevant 
information from multiple sources. This would include metadata such as the temporal and spatial 
details of image postings, as well as user comments. These metadata can be used to infer image 
themes and more comprehensive contextual information through LVLMs. By collecting and 
analyzing user preferences and past interactions, as an extra benefit, LVLMs can provide more 
relevant information and personalized content. This can achieve customized services for users. 
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Figure 4 | The Image information content presented from the assistive wearable devices. In 
images depicting events (with characters) or scenes (without characters), assistive wearable 
devices should emphasize distinct visual elements of both foreground and background contents. 
 
 
 

Conclusions and outlook 
 

In this perspective, we discussed current assistive devices and accessible visualization tools for 
NVID and summarized the challenges faced by BLV people. Although the advancement in 
multimodal interaction aids and data visualization demonstrate expectations for addressing these 
challenges, their performance has not yet fully met expectations in terms of efficiency, cognitive 
load, and reliability. We hope our perspective can evoke and foster broader interest in design 
concepts for future wearable assistive devices that may break through the bottlenecks. 
Additionally, we aim to discuss efficiency metrics for assistive devices in delivering textual 
information while emphasizing key areas in conveying image-based information.  

We believe that assistive devices designed to overcome current limitations will significantly 
enhance the digital information experience for BLV users, facilitating their various pursuits in 
education, entertainment, and employment. In the near future, their enhanced productivity may 
in return help alleviate the productivity deficit caused by global population aging and provide 
resilient solutions during economic slowdowns. We also anticipate that these devices will have a 
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broader impact on future elder care. For example, these devices can support elderly individuals 
with deteriorating vision by providing haptic feedback or audio prompts, thereby improving their 
ability to access daily information and enhancing their autonomy and quality of life.  

We forecast that continued innovations in hardware and algorithms can make wearable devices 
more seamless and informative. Achieving this integration requires collaboration between 
distinct domains and BLV communities. As the population ages and technology advances, the 
market size and demand for assistive wearable devices are expected to grow. Major technology 
giants like Microsoft, Apple, and Meta have already invested substantially in enhancing the 
accessibility of their wearable products, driving the development of smarter and more 
personalized assistive devices.  
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Key points  

 
⚫ BLV individuals rely on non-visual information delivery (NVID) when interacting with digital 

information, leading to low information efficiency, reliability issues, and extra cognitive 
burden. 

⚫ Limitations of NVID are related to the sequential information output and low-quality 
alternative texts. 

⚫ There are three design ideas for future wearable assistive devices that may break through 
current bottlenecks: multisensory learning, gesture interaction, and synchronization of 
tactile and LVLMs. 

⚫ Future wearable devices will enhance text and image information delivery for BLV users by 

integrating multimodal interaction, contextual reasoning, and personalized content. 

 

ToC blurb 

 

Blind and low-vision individuals face significant challenges in digital information interaction. This 

perspective highlights the bottlenecks in wearable devices for information accessibility, design 

ideals for future assistive devices, and outlook for improving text and image information delivery. 

 


