
Vol-3 Issue-1 2025 

Scientific Research Journal of Business, Management and Accounting 

ISSN: 2584-0592, Peer Reviewed Journal  

 

10362  isrdo.com 70 

Breaking Barriers: AI-Driven Financial Accessibility for 

the Blind and Mobility-Impaired 
Denis Brunetti, Research Scholar,  

Finance Department, Souphanouvong University, Laos 

Abstract 

Financial accessibility is a fundamental prerequisite for social inclusion, independence, and economic 

participation. Yet, millions of individuals with disabilities—particularly those who are blind or have limited 

mobility—face significant challenges in accessing everyday banking services. Automated Teller Machines 

(ATMs), despite being critical touchpoints for financial independence, continue to present usability barriers 

rooted in their reliance on vision, fine motor skills, and inaccessible interface designs. 

The rapid advancement of artificial intelligence (AI), especially in the form of agentic, multimodal systems, 

offers transformative opportunities to dismantle these barriers. By combining speech technologies, 

computer vision, natural language understanding, haptic feedback, and secure edge-cloud hybrid 

architectures, AI systems can reimagine ATMs and public kiosks as universally accessible. 

This paper provides a comprehensive exploration of how AI-driven solutions can enable financial 

accessibility for blind and mobility-impaired populations. It reviews the current state of accessibility in 

banking, highlights technological breakthroughs in AI for assistive interaction, presents a synthesized 

framework for agentic AI-powered inclusive ATMs, and analyzes both the benefits and challenges of such 

approaches. The discussion further explores deployment strategies, ethical considerations, and a roadmap 

toward nationwide, inclusive financial ecosystems. The findings suggest that with careful design, AI has 

the potential to transform financial infrastructure into a universally accessible system, thus breaking 

persistent social and technological barriers. 

Keywords: AI-Driven Accessibility, Financial Inclusion, Assistive Technology, Agentic AI, Multimodal 

Interaction, Inclusive Banking 

 

1. Introduction 

Financial inclusion represents more than access to banking services—it reflects independence, dignity, 

and the ability to participate fully in society. Despite progress in digital transformation, many individuals 

with disabilities remain excluded. Blind and mobility-impaired individuals face particularly steep barriers 

in navigating everyday financial interactions. 

ATMs, once heralded as a democratizing innovation, paradoxically reinforce exclusion when their 

interfaces are not designed for diverse abilities. Touchscreens, small buttons, visually oriented menus, and 

poorly placed input slots make them inaccessible for those who cannot see or who have limited use of 

their hands. Dependence on third parties—family members, bank staff, or even strangers—compromises 

privacy, independence, and dignity. 

Meanwhile, artificial intelligence is rapidly reshaping industries. AI systems that perceive, reason, and act 

autonomously are emerging as powerful tools for accessibility. Unlike traditional accessibility features 
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such as Braille keypads or voice overlays, AI-enabled systems offer adaptive, multimodal, and agentic 

interaction. They can interpret context, engage in natural conversations, and securely execute tasks. 

This paper explores how AI-driven solutions can break financial accessibility barriers. It synthesizes 

literature across assistive technology, AI, and financial services to present a holistic framework for AI-

powered inclusive ATMs and kiosks. By focusing on blind and mobility-impaired users, it highlights not 

only technological opportunities but also design, ethical, and societal imperatives. 

2. Literature Background 

2.1 Accessibility and Financial Inclusion 

Financial exclusion is a global issue, disproportionately affecting individuals with disabilities. Barriers to 

ATM use include reliance on vision, lack of tactile feedback, inaccessible interface layouts, and machines 

physically located at heights unsuitable for wheelchair users. Historically, banks have attempted 

incremental adaptations such as Braille overlays, audio-enabled ATMs, or accessible service desks. While 

helpful, these solutions remain inconsistent and often stigmatizing—separating “accessible machines” 

from standard ones. 

The broader challenge is ensuring that accessibility is not an afterthought but an integrated design 

principle. Inclusive ATMs must function for all users, where accessibility features are seamlessly 

available without labeling or segregation. 

2.2 Artificial Intelligence and Accessibility 

AI has already shown promise in accessibility domains. Speech recognition and synthesis allow voice-

first interactions. Computer vision enables real-time scene interpretation. Multimodal systems integrate 

speech, vision, and haptics for holistic user experiences. In assistive technology, AI-driven applications 

describe surroundings to blind users, enable voice-driven device control, and translate gestures into digital 

input. 

These technologies demonstrate that AI can adapt interfaces to human ability rather than requiring 

humans to adapt to rigid machine designs. 

2.3 AI in Financial Services 

Financial services have been quick to adopt AI for fraud detection, risk analysis, customer service 

chatbots, and personalized recommendations. Yet, accessibility applications remain underdeveloped. Pilot 

programs with voice-enabled ATMs or biometric authentication suggest potential but have not scaled due 

to concerns about security, cost, and usability. 

AI’s capacity to interpret multimodal signals and act autonomously provides a path toward accessibility 

that balances convenience with security. 

2.4 Agentic AI as a Paradigm Shift 

Agentic AI differs from traditional AI in that it not only perceives but also plans and acts toward goals. In 

accessibility, this means systems can handle multi-step financial tasks—such as guiding a blind user to 

insert a card, verifying PIN securely, confirming withdrawal, and directing them to the cash slot—without 

requiring step-by-step human memorization. For mobility-impaired users, agentic AI can integrate voice 

or gaze commands with optional robotic assistance for handling cash trays or card slots. 

This paradigm shift from static accessibility features to dynamic, adaptive agents represents the core 

opportunity explored in this paper. 
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Perfect 👍 You want me to expand only Section 3 (Systematic Insights into AI-Driven Accessibility) 

into a much more descriptive, detailed form while keeping it academic and research-paper style. Here’s 

a rewritten and extended version: 

3. Systematic Insights into AI-Driven Accessibility 

Artificial intelligence provides a toolbox of technologies that, when combined, can transform ATMs and 

other financial kiosks into inclusive systems. Each component—speech processing, computer vision, 

haptics, secure architectures, and personalization—addresses distinct barriers faced by blind and mobility-

impaired users. Together, they create a multimodal and adaptive accessibility ecosystem. 

3.1 Speech Technologies 

Speech technologies represent one of the most natural bridges between humans and machines. Speech-to-

text (STT) enables users to issue commands verbally, while text-to-speech (TTS) provides machine 

feedback in audible form. These technologies are especially critical for blind users, for whom visual cues 

are unavailable, and for mobility-impaired individuals, who may struggle to interact with small keypads 

or touchscreens. 

Recent advances in automatic speech recognition (ASR) have focused on low-latency performance, 

robustness in noisy environments, and multilingual capability. ATMs are often placed in busy 

locations such as markets, railway stations, or airports, where background noise can disrupt 

communication. Noise-robust ASR systems, trained on large, diverse datasets, improve recognition 

accuracy even under challenging acoustic conditions. 

Equally important is support for multiple languages and dialects. Financial inclusion requires 

accessibility not only for speakers of global languages but also for users who communicate in regional or 

minority dialects. By integrating multilingual ASR and localized TTS systems, ATMs can interact with 

users in their preferred language, enhancing comfort and reducing the risk of misunderstandings during 

financial transactions. 

The dialogue design of voice-first ATMs is crucial. Research in human-computer interaction shows that 

long, complex prompts increase cognitive load and cause confusion. For blind users, the system must 

adopt slow, concise prompts and confirm critical steps, such as transaction amounts or account 

selections. For example, before executing a withdrawal, the system should state: “You requested to 

withdraw fifty dollars. Please confirm by saying ‘yes’ or repeating the amount.” Such redundancy ensures 

accuracy and prevents costly errors. 

In addition, speaker verification technologies can enhance security by recognizing a user’s unique 

voiceprint. While not a standalone authentication method, voice biometrics can complement PINs or 

biometric data to add another layer of protection. 

In summary, speech technologies serve as the foundation for accessible ATMs, enabling natural, hands-

free, and inclusive interaction. Their effectiveness depends on robust noise handling, multilingual support, 

concise conversational design, and careful integration with security mechanisms. 

3.2 Computer Vision 

Computer vision (CV) plays a complementary role in accessibility by allowing machines to perceive and 

interpret the physical environment. For ATMs, CV systems can recognize the placement of essential 
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components such as the card slot, keypad, cash dispenser, and receipt tray. By integrating this perception 

with speech or haptic output, the system can guide blind users in real time. 

For example, when a user needs to insert a card, the AI assistant can provide precise auditory instructions: 

“The card slot is at three o’clock, about ten centimeters in front of you.” Such instructions transform 

inaccessible visual layouts into spatially meaningful cues. 

For mobility-impaired users, CV can track hand movement or detect the inability to perform certain 

gestures. In such cases, the system could automatically trigger a mechanical assist module—for 

instance, a robotic guide arm that gently presents the cash tray at an accessible angle. These mechanisms 

must be designed with strict safety limits, ensuring that they are non-invasive and stop instantly if 

resistance is detected. 

Another application of CV is user presence detection and privacy control. Cameras can confirm 

whether the user is positioned correctly, detect if multiple people are within close proximity, and activate 

privacy measures such as reducing audible volume or shifting to bone-conduction audio. This protects 

blind users from inadvertently exposing sensitive information in crowded environments. 

CV also supports tamper detection. If an ATM’s card slot has been altered by fraudsters (e.g., with a 

skimmer), a vision model can identify irregularities and alert the user or bank. Thus, CV contributes not 

only to accessibility but also to security and trust. 

In sum, computer vision expands ATM capabilities from static machines into perceptive systems that can 

guide, assist, and protect users who cannot rely solely on vision or physical mobility. 

3.3 Haptics and Multimodal Feedback 

While speech and vision provide powerful interaction channels, they are not always sufficient. Noisy 

environments may obscure audio prompts, and privacy concerns may prevent users from wanting verbal 

feedback in public spaces. In such cases, haptic technology provides a silent, private, and highly 

effective communication channel. 

Haptic feedback can be delivered through smartphones paired with ATMs, wearable devices, or dedicated 

haptic pads mounted on the machine. Different vibration patterns can encode specific messages: 

• Single long vibration: cash has been dispensed. 

• Short rhythmic pulses: move hand slightly left or right. 

• Strong double vibration: error or invalid input. 

These tactile cues allow users to navigate transactions with minimal reliance on vision or audio, 

significantly enhancing independence. 

For mobility-impaired users who cannot perform fine gestures, haptic interfaces can support simple 

binary inputs (e.g., tapping once for “yes,” twice for “no”), reducing the need for complex keypad 

interaction. 

The combination of multimodal feedback—speech, haptics, and possibly visual overlays for low-vision 

users—ensures redundancy and flexibility. If one channel fails or is impractical, others provide a fallback. 

This redundancy principle is essential for accessibility in real-world conditions. 

3.4 Secure Edge-Cloud Hybrid Architecture 
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One of the most critical aspects of AI-driven financial accessibility is security and privacy. Unlike 

entertainment or consumer devices, ATMs deal with sensitive credentials and high-stakes transactions. 

Any solution must guarantee confidentiality, integrity, and resilience against fraud. 

A hybrid edge-cloud architecture balances these requirements. Sensitive operations—such as PIN entry, 

biometric verification, and transaction signing—must occur locally on secure hardware embedded in or 

near the ATM. This ensures that private data never leaves the user’s immediate environment. 

At the same time, cloud connectivity provides value by enabling advanced reasoning, personalization, 

and updates. For instance, cloud-based large language models can improve dialogue fluency or provide 

multilingual support, while the edge device handles critical security functions. 

Security can be strengthened further through secure enclaves, cryptographic modules that isolate 

sensitive data. Short-range encrypted channels, such as Bluetooth Low Energy (BLE) or Near-Field 

Communication (NFC), allow users to input PINs or biometric confirmations privately via their own 

smartphones or wearables. 

This architecture also supports tamper detection: if local modules detect attempts to alter hardware, 

accessibility features can be disabled, and users alerted. 

Ultimately, the edge-cloud hybrid ensures that ATMs are both intelligent and secure, providing advanced 

features without compromising trust. 

3.5 Personalization and Adaptive Interfaces 

Accessibility is not one-size-fits-all. Each user has unique abilities, preferences, and comfort levels. AI 

enables personalized and adaptive interfaces that learn from user interactions while respecting privacy. 

For blind users, personalization may involve setting a preferred speech rate, choosing between male or 

female voices, or enabling confirmations after each step. For mobility-impaired users, personalization 

might prioritize voice-only interaction or simplify transaction flows by providing preset amounts (e.g., 

“withdraw 500” as a default). 

Over time, AI systems can learn recurring patterns—such as common withdrawal amounts, preferred 

accounts, or frequent bill payments—and proactively suggest them. For example: “Would you like to 

withdraw your usual 100 dollars?” Such personalization reduces cognitive load and transaction time. 

Adaptive interfaces also enhance inclusivity in multilingual societies. Users can choose their preferred 

language, and the system can remember this choice for future interactions, ensuring consistency. 

Crucially, personalization must be implemented in a privacy-preserving way. Preferences should be 

stored locally on the user’s smartphone or secure token rather than centralized databases. This allows 

convenience without compromising security. 

In conclusion, adaptive personalization transforms ATMs from rigid machines into responsive, user-

centered assistants. By aligning technology with individual needs, AI ensures that financial accessibility is 

not only possible but also pleasant and empowering. 
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Figure 1: AI-Driven Accessible ATM 

Diagram Description 

• Speech Technologies: Provide natural interaction through speech-to-text (user commands) and 

text-to-speech (machine responses). Enable voice-first ATMs with multilingual and noise-robust 

capabilities. 

• Computer Vision: Helps the ATM perceive the environment—detecting card slots, cash trays, 

hand positioning, and even fraudulent tampering. Outputs are translated into auditory or haptic 

guidance. 

• Haptics & Multimodal Feedback: Adds tactile signals (vibrations, rhythmic pulses) to 

complement speech, especially useful in noisy environments or for private communication. 

• Secure Edge-Cloud Hybrid Architecture: Ensures sensitive operations (PIN, biometrics) are 

handled securely at the edge, while cloud AI supports reasoning, personalization, and multilingual 

updates. 

• Personalization & Adaptive Interfaces: Learns user preferences (language, speech rate, 

frequent amounts) and adapts transaction flows to reduce cognitive effort while preserving 

privacy. 

All these modules converge into the AI-Driven Accessible ATM, creating a system that is intelligent, 

secure, multimodal, and user-centered. 
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Figure 2: AI-Driven Financial Accessibility in Rural India 

Figure2 Description: An elderly blind woman in a saree uses an AI-driven accessible ATM in a rural 

Indian village, guided by a robotic arm, while a man in a wheelchair also waits to use the machine. 

Villagers observe in the background. (Generated by AI) 

4. Benefits of AI-Driven Financial Accessibility 

1. Independence and Dignity 

Users no longer rely on third parties, preserving privacy and personal control. 

2. Universal Design 

The same ATM serves everyone, reducing segregation and stigma. 

3. Scalability 

AI modules can be retrofitted onto existing ATMs, lowering cost barriers. 
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4. Multimodal Access 

Multiple input and output channels (voice, haptics, biometrics) accommodate diverse 

impairments. 

5. Error Reduction 

Intelligent prompts, confirmation steps, and adaptive learning reduce transaction errors. 

6. Regulatory Alignment 

AI-driven accessibility helps financial institutions comply with accessibility mandates and 

corporate social responsibility goals. 

5. Challenges and Limitations 

1. Security Risks 

Voice and gesture interfaces risk impersonation. Secure multimodal authentication is necessary. 

2. Cost and Infrastructure 

Deploying AI modules at scale requires hardware investment and maintenance. 

3. Bias in AI Models 

Speech recognition often underperforms in regional dialects; computer vision can struggle with 

diverse appearances. Inclusive datasets are essential. 

4. Usability in Noisy Environments 

ATMs in crowded areas may face challenges with accurate voice detection. 

5. Regulatory Hurdles 

Banking regulations demand rigorous security audits, slowing deployment. 

6. User Trust 

Blind and mobility-impaired users may hesitate to adopt unfamiliar systems without clear 

assurances of privacy and reliability. 

6. Case Studies and Global Perspectives 

6.1 Audio-Enabled ATMs in India 

In India, several public and private banks have piloted audio-enabled ATMs that integrate headphone 

jacks and voice-based navigation systems. These ATMs provide step-by-step auditory prompts in 

regional languages, enabling blind or low-vision users to perform tasks like cash withdrawal and balance 

inquiry without external assistance. 

However, the adoption has remained limited for several reasons: 

• Awareness Gap: Many visually impaired users are unaware that such ATMs exist or how to 

operate them. 

• Low Deployment: Only a small fraction of ATMs in metropolitan areas are equipped with audio 

support, leaving rural and semi-urban users without access. 

• Inconsistent Design: Different banks use different audio interfaces, leading to a lack of 

standardization and potential confusion. 
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• Security Challenges: Users often feel unsafe plugging headphones in public spaces or speaking 

PINs aloud, even when prompted carefully. 

Takeaway: While promising, the solution highlights the need for standardized design guidelines, wider 

deployment, and multimodal accessibility (speech + haptics + vision cues) to build confidence and 

usability. 

6.2 Biometric Banking in the Philippines 

Banks in the Philippines have deployed biometric authentication systems—particularly fingerprint and 

facial recognition—as alternatives to PIN-based verification. This model has been beneficial for users 

with literacy barriers, since they no longer need to enter numbers or remember passwords. 

Still, accessibility gaps remain: 

• Fingerprint Reliability Issues: Manual laborers, elderly users, and people with certain medical 

conditions may have faded or unrecognizable fingerprints, limiting system effectiveness. 

• Facial Recognition Barriers: Lighting conditions, camera quality, and user positioning often 

affect accuracy, creating frustration for users with mobility impairments. 

• Exclusion Risk: Users without reliable biometrics (or those uncomfortable sharing biometric 

data) may be excluded, raising both accessibility and privacy concerns. 

• Infrastructure Dependency: Power outages or network issues in rural areas often disrupt 

biometric verification, reducing trust in the system. 

Takeaway: Biometrics can improve inclusivity but cannot be the sole accessibility mechanism. Instead, 

they should complement other adaptive methods such as voice authentication, haptics, or smart cards. 

6.3 Inclusive Design in Western Europe 

In Western Europe, universal accessibility laws—driven by EU directives and national disability rights 

frameworks—require banks to make ATMs accessible to all. This includes tactile buttons, Braille 

labeling, wheelchair-friendly designs, and voice guidance systems. 

Despite this strong policy environment, deployment challenges persist: 

• High Costs: Retrofitting older ATMs with advanced accessibility features is seen as financially 

burdensome, especially for smaller banks. 

• Inconsistent Enforcement: While laws exist, monitoring and compliance vary widely across 

countries and regions. 

• Limited Innovation: Many ATMs meet only the minimum compliance standards, without 

exploring advanced AI-driven enhancements like personalization or multimodal interaction. 

• Awareness & Training: Even where accessible ATMs exist, many users are unaware of how to 

use them, and bank staff are not adequately trained to guide customers. 

Takeaway: Western Europe demonstrates the importance of policy enforcement and inclusive design 

culture, but also shows that regulations alone cannot guarantee accessibility without continuous 

innovation, education, and user-centered AI adoption. 
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7. Future Directions 

1. Agentic Multimodal Assistants 

ATMs with local AI agents capable of dialog management, multimodal perception, and adaptive 

action planning. 

2. Wearable Integration 

NFC-enabled wristbands, smartphones, or smart glasses providing private channels for PIN entry 

and secure authentication. 

3. Robotic Assist Modules 

Gentle mechanical assistance for cash and card handling for users with no hand mobility. 

4. Privacy-Preserving AI 

Federated learning and edge-based processing ensuring sensitive data never leaves the device. 

5. Standardization 

Global protocols for accessible financial agents ensuring interoperability across banks and 

geographies. 

8. Conclusion 

Financial inclusion cannot be achieved without addressing the persistent accessibility barriers faced by 

blind and mobility-impaired individuals. ATMs and kiosks, as central nodes of financial infrastructure, 

must evolve from exclusionary designs to universally accessible systems. 

Artificial intelligence—especially in its agentic, multimodal form—provides a unique opportunity to 

achieve this transformation. By integrating speech, vision, haptics, personalization, and secure 

architectures, AI-powered systems can enable independent, dignified, and secure financial interactions. 

The transition requires careful attention to challenges of security, bias, regulation, and user trust. 

However, with collaborative efforts between banks, technology developers, policymakers, and disability 

advocacy groups, AI-driven accessibility can become the new standard. 

Breaking barriers in financial accessibility is not only a technological imperative but also a moral and 

societal responsibility. With the right vision and commitment, agentic AI can redefine inclusive banking 

for the twenty-first century and beyond. 
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