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ABSTRACT 
Background: Assistive technology (AT) encompasses supportive, adaptive, and rehabilitative solutions that enable individuals 

with disabilities to perform daily activities, engage in education and employment, and participate socially. Recent advances, 

particularly in artificial intelligence (AI)-enabled systems, have expanded the scope of AT from mechanical devices to 

intelligent, personalized solutions. While numerous innovations have emerged across mobility, communication, wearable 

systems, and daily living domains, disparities in access, affordability, and training limit their global impact. Objective: To 

synthesize recent advancements in AT, evaluate their effects on independence and social participation, and identify persistent 

challenges and priorities for future research, policy, and practice. Methods: A narrative review was conducted through 

systematic searches of PubMed, Scopus, Web of Science, and IEEE Xplore from January 2020 to January 2025, supplemented 

with grey literature from international reports and industry sources. Studies were included if they reported innovations in AT 

with demonstrated or potential impact on functional independence or social integration. Data were thematically synthesized 

into four primary domains, with AI integration analysed as a cross-cutting factor. Results: Eighty-two sources were included, 

covering 21 countries. Mobility aids accounted for 31% of innovations, communication devices 27%, wearable systems 22%, 

and daily living aids 20%. AI integration was reported in 43% of all devices, most prominently in communication technologies 

(60%). Positive independence/social participation outcomes exceeded 80% in most categories, with communication devices 

achieving the highest rate (91%) and AI-driven inclusivity tools reporting 100% in early-stage studies. Key barriers included 

economic inaccessibility (64% of studies) and training needs (51%), with lowest adoption rates in low- and middle-income 

countries. Conclusion: Modern AT demonstrates strong potential to enhance autonomy and inclusion across diverse 

disabilities, with AI-enabled solutions offering significant added value. However, equitable adoption requires targeted efforts 

to reduce cost, expand training, and ensure ethical, culturally adaptable design. Aligning innovation with accessibility and 

policy reform can transform AT from isolated advances into scalable, impactful solutions. 

Keywords: Assistive technology, artificial intelligence, disability inclusion, mobility aids, communication devices, wearable 

systems, rehabilitation technology

INTRODUCTION 
Globally, an estimated 15% of the population lives with some form of disability, a prevalence that underscores the need for sustainable 

strategies to promote autonomy, inclusion, and active societal participation among affected individuals (1). Assistive technology (AT), 

encompassing supportive, adaptive, and rehabilitative devices, is a critical enabler in this regard, offering tangible solutions for individuals 

with physical, sensory, cognitive, and communication impairments. By facilitating independence, reducing reliance on caregivers, and 

improving quality of life, AT addresses functional limitations that otherwise constrain engagement in daily living, education, employment, 

and community life (2). Over the past decade, rapid advancements in robotics, artificial intelligence (AI), wearable systems, and digital 

interfaces have expanded the scope of AT from simple mechanical aids to sophisticated, interconnected devices capable of learning user 

preferences and adapting to dynamic environments (3). 

Despite these advancements, access to AT remains inequitable. While innovations such as robotic wheelchairs, exoskeletons, and AI-driven 

communication platforms have been shown to enhance mobility, communication, and participation, their availability is often restricted to 

high-resource settings, leaving many individuals in low- and middle-income countries without functional or affordable options (4). Existing 

literature has documented the benefits of AT in diverse populations, including individuals with stroke, spinal cord injury, visual or hearing 

impairment, and developmental disorders (5–7). However, gaps persist in synthesizing recent innovations across multiple domains—

particularly those integrating AI and emerging sensor technologies—with a focus on their real-world impact on independence and social 

participation. Most prior reviews have examined single-device categories or specific disability types, leaving a fragmented understanding 

of the broader technological landscape and its cross-cutting applications (8). The integration of AI into AT systems presents both 

opportunities and challenges. AI algorithms now enable personalized rehabilitation plans, predictive maintenance of mobility devices, 
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adaptive user interfaces for communication aids, and context-aware environmental controls (9,10). Yet, concerns regarding affordability, 

ethical use, user training, and cultural adaptability remain underexplored in the academic discourse. These considerations are essential for 

ensuring that technological progress translates into equitable health and social outcomes, particularly in under-resourced environments 

(11). Furthermore, there is a lack of consolidated evidence that critically evaluates both the functional benefits and the systemic barriers 

influencing AT adoption on a global scale. 

This review aims to systematically examine recent advancements in assistive technologies across mobility, communication, wearable 

systems, and daily living domains, with a particular emphasis on AI-enabled innovations. It seeks to synthesize evidence on how these 

technologies enhance independence and foster social participation for individuals with disabilities, while identifying persistent barriers 

and future priorities for research, policy, and practice. The overarching objective is to provide a comprehensive, interdisciplinary synthesis 

that can guide clinicians, engineers, policymakers, and stakeholders in developing and deploying AT solutions that are effective, inclusive, 

and scalable. 

MATERIAL AND METHODS 
This review employed a narrative synthesis approach to collate and analyze recent evidence on assistive technology (AT) innovations 

aimed at enhancing independence and social participation among individuals with disabilities. A structured literature search was conducted 

across four major electronic databases—PubMed, Scopus, Web of Science, and IEEE Xplore—to capture both clinical and engineering-

focused publications. The search covered the period from January 2020 to January 2025 to ensure inclusion of the most recent 

developments in AT design, application, and integration with artificial intelligence. Keywords and Boolean operators included 

combinations of terms such as “assistive technology,” “mobility aids,” “augmentative and alternative communication,” “wearable sensors,” 

“artificial intelligence,” “rehabilitation devices,” and “disability inclusion.” Searches were performed without language restrictions, but 

only studies available in English were included to ensure consistency in evaluation (12). 

Eligible sources comprised original research articles, systematic and scoping reviews, technical reports, conference proceedings, and case 

series that presented innovations in AT with demonstrated or potential impact on independence and social participation. Studies were 

included if they described the development, evaluation, or real-world implementation of AT targeting individuals with physical, sensory, 

cognitive, or communication disabilities. Exclusion criteria were studies focusing exclusively on surgical interventions, pharmaceutical 

treatments, or purely theoretical device concepts without functional prototypes or field testing. 

Screening and selection were conducted in two stages. First, titles and abstracts were reviewed to identify potentially relevant studies, 

followed by full-text assessment to confirm eligibility. When available, reference lists of included studies were manually screened to 

identify additional sources not captured by the database searches. To ensure comprehensive coverage of cutting-edge innovations, targeted 

searches were also performed in grey literature sources such as World Health Organization AT reports, market analysis documents, and 

industry white papers. 

Data extraction was performed using a structured template capturing the following variables: author and year, country or region of study, 

target population, AT category, description of the technology, intended outcomes, reported benefits, limitations, and any available economic 

or accessibility considerations. For AI-enabled devices, additional fields were included to capture the type of algorithm, data inputs, and 

level of personalization. Quality assessment was performed for peer-reviewed empirical studies using domain-appropriate tools—such as 

the Mixed Methods Appraisal Tool (MMAT)—to gauge methodological rigor, while non-peer-reviewed sources were appraised based on 

clarity, transparency, and relevance to the review objectives (13). 

The synthesis of findings followed an iterative thematic analysis, grouping innovations into four primary domains: mobility aids, 

communication devices, wearable systems, and technologies supporting daily living. Within each domain, evidence was analyzed for 

patterns in functional benefits, user acceptance, and scalability potential. Cross-cutting themes such as affordability, ethical considerations, 

training needs, and equity in access were identified through comparative analysis across device categories. No quantitative meta-analysis 

was undertaken due to heterogeneity in study designs, outcome measures, and reporting standards. 

All stages of the review adhered to best-practice principles for transparency and reproducibility in narrative syntheses. While ethical 

approval was not required as this review did not involve human or animal participants, all included studies were assumed to have obtained 

ethics clearance where applicable. Data integrity was ensured by maintaining detailed records of search strategies, selection decisions, and 

extraction templates, enabling replication of the review process by other researchers (14). 

RESULTS / FINDINGS 
The synthesis of 82 eligible sources revealed that innovations in mobility aids accounted for the largest share of reviewed assistive 

technologies, representing 31% of all identified devices. Within this category, robotic wheelchairs equipped with wireless control systems, 

sit-to-stand capabilities, and vibrotactile navigation bands were prominent. Quantitative evaluations demonstrated that the use of evenly 

distributed vibrotactile armbands reduced collision rates by approximately 49%, significantly improving navigation safety for users with 

motor and cognitive impairments (6). Exoskeleton technologies, particularly lower limb powered models and upper limb assistive gloves, 

were shown to enhance gait rehabilitation outcomes and upper-limb motor recovery in post-stroke and spinal cord injury populations (7,8). 

However, their adoption was limited by factors such as high procurement cost, the need for specialized training, and challenges related to 

device weight and portability. 
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Communication devices represented 27% of the identified innovations, with a substantial portion incorporating artificial intelligence for 

enhanced user adaptability. Augmentative and alternative communication (AAC) systems ranged from low-tech boards to advanced 

speech-generating devices and silent speech recognition platforms. Notably, AI-driven silent speech recognition using surface 

electromyography achieved an average error rate of 10.3% in controlled trials, offering an alternative for users with severe speech 

impairment (12). Despite these benefits, device complexity and reliance on battery power remained barriers to widespread use. 

Table 1. Assistive Technology Innovations and Their Impact on Independence and Social Participation 

Category Author, Year Target Population Technology 

Description 

Reported Benefits Limitations / 

Challenges 

Ref. 

Mobility aids Borade et al., 

2021; Rehan 

Youssef & 

Morsy, 2023 

Individuals with 

motor impairments 

Robotic 

wheelchairs with 

wireless controls, 

sit-to-stand 

functions, and 

vibrotactile 

navigation bands 

Increased independent 

mobility, reduced 

collisions (up to 49% 

reduction), improved 

postural transitions 

High cost, 

limited 

availability in 

low-income 

settings 

(5,6) 

Mobility aids 

(exoskeletons) 

Morris et al., 

2022; Oladele 

et al., 2021 

Stroke survivors, 

spinal cord injury 

patients 

Lower limb 

powered 

exoskeletons and 

upper limb 

assistive gloves 

with kinesthetic 

feedback 

Enhanced gait 

rehabilitation, improved 

upper-limb motor 

recovery 

Requires 

training, bulky 

design, cost 

barriers 

(7,8) 

Communication devices 

(AAC) 

Evangeline & 

Moorthy, 

2023; Muñoz 

et al., 2024 

Individuals with 

speech/language 

disorders 

Speech-generating 

devices, AI-driven 

silent speech 

recognition 

systems 

Facilitated expressive 

communication, error 

rates as low as 10.3% in 

silent speech recognition 

Battery 

dependence, 

device 

complexity for 

some users 

(10–

12) 

Wearable systems Kim et al., 

2022; 

Hernández-

Mustieles et 

al., 2024 

Older adults, 

individuals with fall 

risk 

Fall-detection 

pendants, mobile 

emergency alerts, 

biosensor 

wearables 

Improved safety, timely 

emergency response, 

enhanced monitoring 

False alarms, 

variable user 

compliance 

(13,21) 

Daily living aids Keely et al., 

2025 

Adults with feeding 

difficulties 

Kiri-Spoon soft 

robotic utensil for 

robot-assisted 

feeding 

Increased autonomy in 

feeding, adaptable grip 

for varied food textures 

Limited large-

scale adoption, 

cost of robotic 

arms 

(15) 

Education/Employment 

AT 

McNicholl et 

al., 2023; 

Kisanga & 

Kisanga, 2022 

Students/employees 

with visual 

impairments 

Screen readers, 

braille displays, 

navigation apps, 

educational 

robotics 

Increased access to 

learning and work 

environments, improved 

job retention 

Need for 

specialized 

training, 

variable 

institutional 

support 

(16,20) 

AI-driven inclusivity 

tools 

Almufareh et 

al., 2024 

Students with 

learning disabilities 

GPT-based 

adaptive learning 

and accessibility 

platforms 

Personalized 

recommendations, 

enhanced collaboration, 

improved learning 

outcomes 

Ethical 

concerns, 

dependency 

risks, unequal 

access 

(17) 

Wearable systems comprised 22% of the reviewed technologies, primarily in the form of fall-detection pendants, biosensor-integrated 

wearable devices, and mobile emergency alert systems. These devices demonstrated improved safety outcomes through timely detection 

of falls and rapid activation of emergency responses (13,21). However, false alarm rates and inconsistent user compliance were frequently 

reported, underscoring the need for more reliable detection algorithms and ergonomic improvements. 

Daily living aids, making up 20% of innovations, included robotic feeding devices such as the Kiri-Spoon, which utilized a soft, deformable 

kirigami sheet to adapt grip based on food texture. Trials reported significant increases in user autonomy during feeding, with the 

technology enabling a greater variety of food types to be handled safely (15). Despite its functionality, large-scale adoption remained 

minimal due to the expense of robotic arm integration and the limited availability of such systems outside research environments. 

Education- and employment-focused AT solutions featured across multiple categories, with strong representation in screen readers, braille 

displays, navigation assistance applications, and educational robotics. These technologies were linked to measurable gains in academic 

participation, improved workplace retention, and enhanced job performance among individuals with visual impairments (16,20). 

Nonetheless, training requirements and inconsistent institutional support limited broader integration into mainstream settings. 

AI-enabled inclusivity tools, though representing a smaller proportion of total devices, demonstrated considerable potential for 

personalized adaptation to user needs. GPT-based platforms were highlighted for their ability to deliver tailored educational content, 

facilitate collaboration, and enhance accessibility for students with learning disabilities (17). While early findings indicate positive 
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outcomes in user engagement and learning efficiency, ethical considerations, risks of dependency, and unequal access to AI platforms 

require further evaluation. 

Across all domains, AI integration was present in approximately 43% of innovations, with its highest concentration in communication 

technologies and adaptive learning systems. Common limitations included economic inaccessibility (reported in 64% of reviewed studies) 

and user training challenges (51%). Regional disparities were evident, with fewer than 15% of individuals in low- and middle-income 

countries having access to advanced AT despite clinical need. Furthermore, longitudinal evidence was scarce, with few studies assessing 

long-term durability, cost-effectiveness, or sustained functional gains, indicating a pressing need for follow-up and implementation 

research. 

 

Figure 1 Thematic Flow of Assistive Technology Innovations 

The thematic flow chart visually organizes the assistive technology innovations into five main categories—mobility aids, communication 

devices, wearable systems, daily living aids, and AI-driven inclusivity tools—each branching into their specific subtypes. The layout 

clearly shows how mobility aids include robotic wheelchairs, sit-to-stand systems, and vibrotactile navigation; communication devices 

feature speech-generating tools and silent speech recognition; wearable systems encompass fall detection pendants, mobile alerts, and 

biosensor wearables; daily living aids are represented by the Kiri-Spoon robotic utensil; and AI-driven inclusivity tools are exemplified by 

GPT-based adaptive learning platforms. This structure highlights both the distribution and functional diversity within the reviewed 

technologies.  

 

Figure 2 Positive Impact of Assistive Technology 

The plot shows that communication devices have the highest estimated positive impact rate at about 91% (n=22), closely followed by 

mobility aids at roughly 85% (n=26) and wearable systems at around 83% (n=18), with relatively narrow confidence intervals in the first 

two categories reflecting their larger evidence bases; daily living aids demonstrate a lower impact rate of approximately 75% (n=16) with 

a wider interval indicating greater uncertainty, while AI-driven inclusivity tools, despite achieving a perfect 100% positive impact rate 

(n=8), have the widest confidence interval due to their smaller and more recent evidence pool, highlighting that established categories 
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benefit from sustained, stable datasets, whereas newer AI-centric innovations, though promising, require further validation before broad 

application. 

DISCUSSION 
The findings of this review demonstrate that assistive technologies across multiple domains—particularly mobility aids, communication 

devices, wearable systems, daily living aids, and AI-driven inclusivity tools—consistently improve independence and social participation 

for individuals with disabilities, with most categories showing positive outcome rates above 80%. These results align with prior evidence 

indicating that well-designed assistive devices can significantly reduce reliance on caregivers, enhance functional mobility, and promote 

inclusion in educational and occupational contexts (15,16). However, the distribution of technological maturity, integration of artificial 

intelligence, and real-world adoption rates vary considerably across categories, reflecting differences in research intensity, market 

investment, and user accessibility (17,18). 

Mobility aids and communication devices exhibited the most robust and stable evidence, supported by large sample sizes and sustained 

development over several years. Their higher proportions of positive outcomes are consistent with previous systematic reviews showing 

that advanced wheelchairs, exoskeletons, and adaptive AAC systems achieve measurable gains in autonomy and quality of life (19,20). 

The integration of AI—seen in features such as collision avoidance in robotic wheelchairs and predictive text in AAC devices—appears 

to further enhance usability and personalization, although cost remains a substantial barrier in low-resource settings (21). Wearable systems 

also showed strong benefits, particularly in safety monitoring and emergency response, yet their adoption is tempered by issues of false 

alerts, limited battery life, and user compliance, challenges that echo earlier concerns about the long-term adherence to wearable health 

devices in vulnerable populations (22). 

Daily living aids presented a more modest impact rate, partly due to their smaller evidence base and slower market penetration. 

Technologies like robotic feeding devices demonstrate high potential for fostering independence in users with severe motor impairments, 

yet their implementation remains limited by high cost, integration complexity, and the need for specialized maintenance (23). This lower 

adoption reflects broader challenges in translating laboratory prototypes into widely accessible consumer products, a trend previously 

noted in rehabilitation robotics research (24). By contrast, AI-driven inclusivity tools emerged as a rapidly evolving category with 

uniformly positive reported outcomes; however, the limited number of studies and recent introduction of these platforms raise concerns 

regarding the generalizability of early results. Similar patterns have been observed in other emerging health technology fields, where initial 

trials report high efficacy but subsequent large-scale evaluations reveal variability in performance and equity of access (25). 

The overarching barrier across all categories is inequitable access, with economic constraints, infrastructure limitations, and training 

deficits disproportionately affecting individuals in low- and middle-income countries. Evidence from global assistive technology reports 

indicates that fewer than 15% of people who need advanced AT can access it in such settings, despite its proven benefits (26). Addressing 

this gap requires not only reducing device cost through scalable manufacturing and open-source designs but also investing in user training 

and technical support systems. Additionally, ethical considerations—particularly around AI-driven AT—demand careful attention to bias, 

data privacy, and cultural adaptability to prevent the reinforcement of existing inequalities (27,28). 

Future research should prioritize longitudinal evaluations of AT performance in real-world conditions, as most included studies reported 

short-term outcomes without tracking durability, maintenance requirements, or user satisfaction over time. Furthermore, comparative 

effectiveness research is warranted to determine which AI features deliver the most meaningful improvements in independence relative to 

cost and training effort. Policymaker engagement will be essential to develop regulatory frameworks that incentivize inclusive design and 

equitable distribution while safeguarding user rights. Such a multi-stakeholder approach, integrating engineers, clinicians, policymakers, 

and end-users, offers the best prospect for translating technological innovation into tangible and sustainable improvements in the lives of 

individuals with disabilities. 

CONCLUSION 
In summary, recent innovations in assistive technology demonstrate substantial potential to enhance independence and social participation 

across a wide spectrum of disabilities, with the strongest and most consistent benefits observed in mobility aids, communication devices, 

and wearable systems. AI integration, particularly in adaptive communication platforms and intelligent mobility solutions, has amplified 

functionality and user personalization, while emerging AI-driven inclusivity tools show exceptional promise despite a limited evidence 

base. Persistent barriers, including high cost, limited access in low-resource settings, and the need for specialized training, continue to 

restrict equitable adoption and impact. Addressing these challenges through affordable design, inclusive policy frameworks, and 

interdisciplinary collaboration will be essential to ensure that technological progress translates into real-world gains for all individuals in 

need. By aligning innovation with accessibility, ethical safeguards, and user-centered design, assistive technologies can evolve from 

isolated advancements into scalable solutions that redefine disability support on a global scale. 
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