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Abstract 

Communication for the hearing-impaired community is hindered by a complex web of challenges, spanning linguistic diversity, 

technological limitations, and socioeconomic barriers. These obstacles result in significant social isolation and limit availability of key 

services. Extending a review of these problems, the study then proposes a framework of novel approaches concerning Artificial  

Intelligence (AI) and Human-Computer Interaction (HCI). Concepts introduced include Dynamic Lexical Harmonizer Platform to 

focus upon linguistic variations and Context-Aware Multimodal Sign Language Translation Engine for translation robustness. The 

central aim of the paper is to stimulate the advances in technologies and policies toward bridge the communication gaps. It aspires to 

help build an inclusive society where persons with hearing impairment are considered equals in social life. 
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1. Introduction 

Across the globe, more than 70 million people communicate using one of over 300 unique sign languages [16][17]. These languages 

are linguistically complex, having varying lexicons, grammars, and certain cultural nuances [13]. Barriers such as linguistic diversity, 

technological limitations, education gaps, socioeconomic hurdles, legal issues, emergency access problems, and platform integration 

challenges hinder this community. These barriers often cause hearing-impaired individuals to be socially isolated and denied access to 
basic facilities such as education and health care. This review analyses certain barriers and proposes innovative AI and Human-

Computer Interaction based solutions to enhance accessibility and quality of life for the hearing-impaired community. The very purpose 

is to ultimately build an inclusive society through technological interventions and policy advocacy. 

2. Challenges and Proposed Solutions 

2.1 Linguistic and Standardization Challenges 

2.1.1 The Inherent Diversity and Complexity of Sign Languages 

Challenge: American Sign Language (ASL), British Sign Language (BSL), and Indian Sign Language (ISL) and other sign languages 

have different lexicons, spatial grammars, and iconic elements that create a big challenge when trying to standardize these languages 

for technological recognition due to variations between communities and individuals [13]. Unifying communication tools and achieving 

interoperability becomes majorly hard across these varieties. 

2.1.2 Barriers to Linguistic Standardization and Cross-Dialectal Understanding 

Challenge: With the lack of standardization mechanisms, historical complexities such as creolization, and social views such as those 

of audistic ideology that privilege the spoken language, cross-dialect understanding and the formalization of shared languages become 

within one set of barriers [13][15]. These barriers inhibit the development of larger SL formulations. 

Proposed Solution: Supporting Harmonization and Community-Driven Lexicography Through Computational Linguistics 

 Techniques: The use of neural machine translation models, along with feature extraction, to map lexical and grammatical variations 

across SLs. 

 Technologies: Developing an AI platform for community-driven lexicography and grammar documentation for collaborative input 

from the hearing-impaired communities. 
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 Models: Use multimodal deep learning and generative AI for determining linguistic relations and synthesizing cultural-signing 

style. 

 Unique Solution: The Dynamic Lexical Harmonizer (DLH) Platform analyzes SL datasets, identifies commonalities and variations 

in signing, and then allows community voting for the ever-growing community-approved lexicon. This proceeds without imposing 

rigid standardization, thus allowing some degree of flexibility for mutual understanding. 

2.2 Technological Barriers in Sign Language Recognition and Translation 

2.2.1 State-of-the-Art and Limitations of Current Sign Language Recognition and Translation Systems 

Challenge: In the case of real-time continuous signing, Sign Language Recognition and Translation also have issues of accuracy and 

robustness, especially with spatiotemporal data that rely upon manual feature engineering [2][5][11]. 

2.2.2 Challenges in Data Acquisition, Quality, and Representativeness 

Challenge: There are very few good-quality datasets, especially considering under-resourced languages such as ISL; aggravated by 

the poor quality of the cameras, changing environmental conditions, and the poor variability of signers [2][5][11]. 

2.2.3 Technical Hurdles: Real-Time Performance, Environmental Robustness, and Non-Manual Signals Capturing 

Challenge: Achieving real-time performance, handling environmental variations (e.g., lighting, background noise), and capturing non-

manual signals (e.g., facial expressions, body posture) and co-articulation in continuous signing remain strong technical hurdles 

[2][5][11]. 

Proposed Solution: Next-Generation Multimodal AI Architectures and Advanced Synthetic Data Generation Techniques 

 Techniques: Hybrid ensemble methods of Convolutional Neural Networks (CNNs), Random Forest Classifiers (RFCs), and Large 

Language Models (LLMs) can be built for pose estimation and robust feature extraction. 

 Technologies: Multimodal AI architecture for visual, depth, and sensor data shall be implemented and explore transformer-based 

LLMs such as SignGemma for SL processing. 

 Models: Use generative AI, for example, SignGAN and SignSplat-to synthetic data generation to solve data scarcity issues. Develop 

Continuous Sign Language Recognition (CSLR) models for co-articulation using very lightweight architectures for mobile deployment. 

 Unique Solution: The Context-Aware Multimodal SLT Engine (CAM-SLT) is a multi-stream neural engine performing real-time 

processing of manual and non-manual parameters, using LLMs to generate translations that are culturally sensitive and, ensure better 

accuracy and robustness across various SLs as well as environments. 

2.3 Challenges and Acceptance of Sign Language Avatars 

2.3.1 The "Uncanny Valley" Effect and User Perception in the Hearing-Impaired Community 

Challenge: SL avatars in general suffer from an uncanny valley effect of appearing unnatural to a great extent, thus limiting the degree 

to which they are accepted by fluent signers. These signers assess the avatars' limitations in conveying genuine signing [3][6][7][8][14]. 

2.3.2 Limitations in Expressiveness, Realism, and Cultural Nuance 

Challenge: The avatars nowadays are without expressiveness, realism, and cultural genuineness-they cannot convey the whole 

linguistic and emotional content of SLs, which limits their communication and pedagogical capacities [3][6][7][8][14]. 

Proposed Solution: Culturally-Authentic Generative Avatar Framework (CAGAF) 

 Techniques: Employ motion capture and generative models for the user; authors mention reinforcement learning for fine-tuning 

depending on user feedback (GANs and diffusion models). 

 Technologies: High-quality 3D graphic environments coupled with a haptic feedback system for the immersive experiences. 

 Models: Apply neural rendering and behavioral cloning to generate avatars capable of articulating expressions under continuous 

feedback from the community. 

 Unique Solution: The Cultural Immersion Avatar Network (CIAN) creates custom avatars trained on native signer data which are 

adapted in real-time and go through a cultural feedback loop to ground them in authenticity and acceptance by end user. 

2.4 Educational Challenges and Game-Based Learning 

2.4.1 Educational Gaps and Misconceptions for Hearing-Impaired Students 

Challenge: Hearing-impaired students are at an educational disadvantage due to being late learners of SL, and social isolation in 

mainstream settings. With this, the environment further impedes their capacity to reach academic success [4]. 

2.4.2 Barriers to Inclusion for Hearing Impaired Students in Mainstream Education 

Challenge: Hearing-impaired students face enormous impediments in mainstream classrooms due to sequential visual processing, lack 

of specialized vocabulary (e.g., STEM terms), teacher inadequacy, and digital divide [4]. 
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Proposed Solution: Adaptive Game-Based Learning Ecosystem (AGBLE) 

 Techniques: Employ gamification and adaptive learning algorithms to personalize schooling and provide AI tutor support. 

 Technologies: VR and AR environments implementation with hand-tracking for SL interaction and feedback. 

 Models: Define reinforcement learning that maximizes feedback while multimodal feedback targets various sensory requirements. 

 Unique Solution: SignVerse Academy is an AI-integrated VR/AR platform that offers game-based modules, STEM sign labs, and 

virtual community meet-ups for immersive and inclusive learning experiences. 

2.5 Socioeconomic Disparities and Access to Technology 

2.5.1 The Digital Divide, Financial Constraints, and Lack of Awareness 

Challenge: Poverty, lack of access to Internet and devices, high prices of technologies, and lack of awareness incapacitate the hearing-

impaired from realizing the potentials of assistive technologies [1]. 

2.5.2 Communication Access in Healthcare and Essential Services 

Challenge: Due to low employment of professional interpreters for healthcare and essential-services interactions, communication 

problems and health disparities arise for the hearing-impaired [1]. 

Proposed Solution: Inclusive Digital Access Initiative (IDAI) 

 Techniques: Technology subsidies, community-oriented training workshops, and campaigns for open-source development. 

 Technologies: Low-cost common-interface wearables, offline SL translation apps. 

 Models: Community-driven development and public-private partnerships model for low-cost-scales, affordable solutions. 

 Unique Solution: DeafTech Hubs & Open-Source Toolkit aims to foster community Hubs for technology awareness, while at the 

same time developing an open-source toolkit to facilitate the creation of cost-effective and flexible technology, thus promoting digital 

literacy and access. 

2.6 Legal and Policy Barriers 

2.6.1 Lack of Formal Recognition and Ideological Resistance to Sign Languages 

Challenge: Societal biases and unjust ideologies, such as audism, hinder the acceptance and integration of sign languages within the 

societal framework [15]. 

2.6.2 Limited Practical Rights and Opportunities for Social Advancement 

Challenge: Even though symbolic recognition might exist, practical rights and some degree of social mobility remain nearly non-

existent for the hearing-impaired due to inadequate implementation of policies [15]. 

Proposed Solution: Comprehensive Legislative and Advocacy Framework (CLAF) 

 Techniques: Advocate legislative recognition, enforce accessibility laws, and initiate public awareness campaigns. 

 Technologies: Build digital platforms for legal resources and use AI for policy-gap analysis. 

 Models: Collaborative governance and rights-based approach would be employed for co-creating policies together with the hearing-

impaired community. 

 Unique Solution: SignRights Digital Platform & Policy Incubator acts as a digital hub for legal information and advocacy, alongside 

AI-driven policy analysis, to foster systemic change. 

2.7 Emergency Situations Accessibility 

2.7.1 Challenges in Receiving Emergency Alerts and Information 

Challenge: Ineffective emergency warnings with unqualified interpreters, late captioning, and incompatible notification systems posed 

serious risks to the hearing impaired [10][12]. 

2.7.2 Lack of Accessible Training and Preparedness 

Challenge: Providing inadequate training and preparedness resources to hearing-impaired in emergencies, coupled with inadequate 

post-disaster supports at recovery centers, rather increases their vulnerabilities [10][12]. 

Proposed Solution: Multi-Modal Emergency Alert System (MMEAS) 

 Techniques: The use of haptic feedback, visual alerts, and AI-driven sound recognition for multi-modal notifications. 

 Technologies: IoT, smart wearables, and a real-time signing language translation app for efficient dissemination of alerts and 

communication. 
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 Models: Predictive analytics and integrated platform for alerting and smooth communication on a proactive note. 

 Unique Solution: The Guardian Connect Ecosystem is a cloud-based platform encompassing AI sensors, multi-modal alerting, and 

training modules to duly guarantee comprehensive emergency accessibility. 

2.8 Integration with Mainstream Communication Platforms 

2.8.1 Challenges in Integrating Sign Language into Everyday Digital Platforms and Public Spaces 

Challenge: Limited adoption, focus on static signage, and high development costs combined with lack of standardization, and SL 

integration, hinder the full nationwide deployment of digital platforms and public spaces [9]. 

2.8.2 Societal Stigmas and Misconceptions Preventing Inclusion 

Challenge: Hearing-impairment associated stigmas and lack of common public awareness prevent inclusion in mainstream 

communication spaces [18]. 

Proposed Solution: Universal Sign Language Integration Protocol (USLIP) 

 Techniques: To develop standardized APIs and plugins for real-time SL translation and recognition. 

 Technologies: Promote AI-based browser extensions, video conferencing integration, and intelligent public announcement systems. 

 Models: To be interoperable and user-generated for scaling and accommodating needs. 

 Unique Solution: OmniSign Gateway is an open-source universal SL framework covering integration over digital and public 

platforms and including APIs, plugins, and public space display. 

2.9 Challenges with Limited or Nascent Solutions 

The following issues still lack concrete solutions for research and conception: 

 Ideological Resistance towards the Legitimacy of Sign Language: Deeply ingrained sociocultural biases such as audism demand 

cultural shifts and advocacies to have SLs be legalized as equal to spoken languages [18]. 

 Full Capture of Linguistic and Cultural Nuances by AI: Due to the lack of non-manual markers and cultural contexts, AI systems 

are unable to capture all such nuances, demanding this cause to be pursued first in multimodal AI and large language models [11]. 

 Universal Cross-Dialectal Interoperability: The varieties of SLs pose the biggest hurdle to universal interoperability, and 

generalized attempts mostly base themselves on specific languages [13]. 

 Bridging the Interpreter Shortage with Reliable AI: There exists a severe shortage of SL interpreters, and while AI will help 

solve this issue to some extent, it can never completely replace human interpreters [11]. 

Table 1: Summary of Challenges and Solutions 

Category Challenge Proposed 

Solution 

Unique Solution References 

Linguistic and 

Standardization 

a) Diversity and 

Complexity of SLs 

b) Barriers to 

Standardization 

Computational 

linguistics, 

community-

driven 

lexicography 

Dynamic Lexical 

Harmonizer 

(DLH) Platform 

[13][15] 

Technological 

Barriers 

a) Limitations of SLR/SLT 

Systems 
b) Data Acquisition Issues 

c) Technical Hurdles 

Multimodal AI, 

synthetic data 

generation 

Context-Aware 

Multimodal SLT 
Engine (CAM-

SLT) 

[2][5][11] 

SL Avatars a) Uncanny Valley Effect 

b) Expressiveness and 

Realism 

Generative avatar 

framework, 

motion capture 

Cultural 

Immersion Avatar 

Network (CIAN) 

[3][6][7][8][1

4] 

Educational 

Challenges 

a) Disparities for Hearing-

impaired Students 

b) Pedagogical Barriers 

Game-based 

learning, VR/AR 

SignVerse 

Academy 

[4] 

Socioeconomic 

Disparities 

a) Digital Divide 

b) Healthcare 

Communication 

Subsidized 

access, open-

source tools 

DeafTech Hubs & 

Open-Source 

Toolkit 

[1] 

Legal and Policy 

Barriers 

a) Lack of Recognition 

b) Limited Rights 

Legislative 

advocacy, AI 

policy analysis 

SignRights Digital 

Platform 

[15] 

http://www.jetir.org/


© 2025 JETIR June 2025, Volume 12, Issue 6                                                             www.jetir.org (ISSN-2349-5162) 

 

JETIR2506828 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org i230 
 

Emergency 

Accessibility 

a) Ineffective Alerts 

b) Lack of Training 

Multi-modal 

alerts, IoT 

Guardian Connect 

Ecosystem 

[10][12] 

Mainstream 

Integration 

a) Platform Integration 

b) Societal Stigmas 

Standardized 

APIs, plugins 

OmniSign 

Gateway 

[9][18] 

 

3. Conclusion 

The review presents a series of challenges to the hearing-impaired in sign language communication, the linguistic, technological, 
educational, socioeconomic, and legal aspects of emergency and integration, that need consideration. Solutions proposed through this 

research include the DLH Platform, CAM-SLT Engine, CAGAF, AGBLE, IDAI, CLAF, MMEAS, and USLIP, each using AI and HCI 

to address varying barriers toward inclusion. However, others remain unexplored: ideological resistances; capturing nuances of the 

language; universal interoperability; shortage of interpreters. Future research should therefore explore how to improve AI models with 

datasets from diverse dialects, especially for under-resourced SLs like ISL; new modalities, such as haptic; ethical implications in the 

use of AI; and the construction of policies to fund such inclusive technologies. Collaboration with the hearing-impaired community 

and interdisciplinary efforts is needed to make this world inclusive and uphold the hearing-impaired as equal participants. 

 

References 

[1] Dalal, J., Martínez, L. C. I., Martínez-R, A., Cuculick, J., Groce, N., & Velarde, M. R. (2025). Health disparities among Deaf 

communities from Colombia: assessing communication, technology and healthcare access. BMJ Global Health, 10(5), e018377. 

https://doi.org/10.1136/bmjgh-2024-018377 

[2] Alsharif, B., Alalwany, E., Ibrahim, A., Mahgoub, I., & Ilyas, M. (2025). Real-Time American sign language interpretation using 

deep learning and keypoint tracking. Sensors, 25(7), 2138. https://doi.org/10.3390/s25072138 

[3] Aziz, M., & Othman, A. (2023). Evolution and Trends in Sign Language Avatar Systems: Unveiling A 40-Year Journey via 
Systematic Review. Multimodal Technologies and Interaction, 7(10), 97. https://doi.org/10.3390/mti7100097 

[4] Cosmod, E. S., & Villarente, S. V. D. (2025). Lived Experiences of Secondary Teachers: Fostering inclusive learning environments 

for deaf learners in mainstream classrooms. International Journal of Research and Innovation in Social Science, IX(III), 1991–2010. 

https://doi.org/10.47772/ijriss.2025.903sedu0154 

[5] Damdoo, R., & Kumar, P. (2025). An integrative survey on Indian sign language recognition and translation. IET Image Processing, 

19(1). https://doi.org/10.1049/ipr2.70000 

[6] De Martino, J. M., Silva, I. R., Bolognini, C. Z., Costa, P. D. P., Kumada, K. M. O., Coradine, L. C., Da Silva Brito, P. H., Amaral, 

W. M. D., Benetti, Â. B., Poeta, E. T., Angare, L. M. G., Ferreira, C. M., & De Conti, D. F. (2016). Signing avatars: making education 

more inclusive. Universal Access in the Information Society, 16(3), 793–808. https://doi.org/10.1007/s10209-016-0504-x 

[7] Ebling, S., & Glauert, J. (2015). Building a Swiss German Sign Language avatar with JASigning and evaluating it among the Deaf 

community. Universal Access in the Information Society, 15(4), 577–587. https://doi.org/10.1007/s10209-015-0408-1 

[8] Efthimiou, E., Fotinea, S., Dimou, A., Goulas, T., & Kouremenos, D. (2015). From grammar-based MT to post-processed SL 

representations. Universal Access in the Information Society, 15(4), 499–511. https://doi.org/10.1007/s10209-015-0414-3 

[9] Ezra, D., Mastitz, S., & Rabaev, I. (2024). Signsability: Enhancing Communication through a Sign Language App. Software, 3(3), 

368–379. https://doi.org/10.3390/software3030019 

[10] Kshirsagar, U., Oh, T., Tomaszewski, B., & Behm, G. (2025). Inclusive Emergency Alerts: a cloud- based haptic and visual 

notification system for the deaf and hard of hearing. Proceedings of the . . . International ISCRAM Conference. 
https://doi.org/10.59297/xgzym310 

[11] Madhiarasan, D. M., & Roy, P. P. P. (2022). A Comprehensive review of sign language recognition: different types, 

modalities, and datasets. arXiv (Cornell University). https://doi.org/10.48550/arxiv.2204.03328 

[12] NAD - National Association of the Deaf. (n.d.). https://www.nad.org/about-us/position-statements/position-statement-on-

accessible-emergency-management-for-deaf-and-hard-of-hearing-people/ 

[13] Power, J. M. (2022). Historical Linguistics of Sign Languages: Progress and Problems. Frontiers in Psychology, 13. 

https://doi.org/10.3389/fpsyg.2022.818753 

[14] Quandt, L. C., Willis, A., Schwenk, M., Weeks, K., & Ferster, R. (2022). Attitudes toward signing avatars vary depending on 

hearing status, age of signed language acquisition, and avatar type. Frontiers in Psychology, 13. 

https://doi.org/10.3389/fpsyg.2022.730917 

[15] REAGAN, T. (2011). Ideological Barriers to American Sign Language: Unpacking Linguistic Resistance. Sign Language 

Studies, 11(4), 606–636. http://www.jstor.org/stable/26190771 

[16] United Nations. (n.d.). International Day of Sign Languages | United Nations. https://www.un.org/en/observances/sign-

languages-day 

[17] International Week of Deaf People 2020 - World Federation of the Deaf. (n.d.). World Federation of the Deaf. 

https://wfdeaf.org/international-week-of-deaf-people-2020/ 

[18] Terry, D. R., Lê, Q., Nguyen, H. B., & Malatzky, C. (2017). Misconceptions of the Deaf: Giving voice to the voiceless. Health 
Culture and Society, 9, 47–61. https://doi.org/10.5195/hcs.2017.211 

 

http://www.jetir.org/

