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Abstract
The adoption of Artificial Intelligence (AI) in education sector is potential in transforming learning experiences especially for groups with special needs. However, unequal access to educational resources and opportunities for hearing-impaired students remains a longstanding challenge in higher learning institutions. Despite the availability of advanced artificial intelligence technologies designed to enhance educational access, their deployment remains significantly limited. This study assessed Artificial Intelligence adoption readiness for hearing-impaired students in higher learning institutions, grounded in Technology-Organization-Environment (TOE) theory. The study utilized a mixed-methods approach, integrating both qualitative and quantitative techniques. A total of 171 respondents were selected from the population using simple random sampling for the quantitative component, while ten respondents were chosen through purposive sampling for the qualitative aspect. The findings of the study revealed that while higher learning institutions are equipped with information systems in their learning platforms, the systems are not structured to effectively support hearing-impaired students. The systems lack integration with AI applications such as speech-to-text applications and virtual avatars leaving learning platforms inadequately prepared to meet the diverse needs of hearing-impaired students. Basing on the findings, it is recommended that higher learning institutions should revisit institutional policies and regulation to include the usage of AI applications for inclusivity and accessibility of learning environment for hearing-impaired students. 
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1.0 Introduction
Inclusive education and the role of Artificial intelligence in fostering equitable learning environments are of paramount importance globally (Julien, 2024). The adoption of artificial intelligence (AI) into education presents a transformative opportunity, particularly for students with special needs seeking equitable access to educational resources and opportunities (Chalkiadakis, 2024). Countries like the United States has made significant steps in adopting AI in education sector to assist students with hearing problems but still lacks trained professionals who possess the skills necessary to effectively use AI to support students with hearing impairments (Bhutoria, 2022). Studies shows the prevailing communication barriers and limited access to tailored educational resources significantly hinders the academic success among the hearing-impaired students (Sarkar and Ghosh, 2024; Adeduyigbe et al.,2024). In China, there is rapid advancement in AI technology within the education sector, including applications for students with hearing impairments. However, challenges such as data privacy concerns and the digital divide hinder its widespread adoption (Yuan, 2024). In South Africa, the adoption of AI in education is still in its infancy. While there are efforts to leverage AI for inclusive education, the infrastructure is often inadequate, particularly in rural areas. AI applications to support students with hearing impairments are limited, and teacher training programs on these technologies are lacking (Tarisayi, 2024). Studies show communication barriers rise from a lack of qualified interpreters, insufficient use of sign language, and the absence of accessible communication tools, making it challenging for students with hearing problems to engage fully in classroom discussions and activities (Masuku et al.,2024; Matiba et al.,2024). Additionally, many educational resources are not designed with hearing problem learners in mind, often lacking essential features such as captions, sign language interpretation, or visual aids that facilitate understanding (Borders et al.,2018). This combination of factors can lead to feelings of isolation, reduced participation, and ultimately lower academic performance, underscoring the urgent need for more inclusive educational practices and resources that cater specifically to the needs of hearing-impaired students (Juma and Ntulo, 2024; Myers et al.,2022). Traditional teaching methods often fall short in accommodating the unique learning styles of individuals with hearing problems as they rely heavily on auditory instruction and verbal communication, which leave them at a disadvantage (Chen et al.,2024; Yadav, 2024; Lomas et al.,2017). However, AI technologies can provide personalized learning experiences, utilizing visual aids, interactive simulations, and real-time communication tools that align better with students with hearing problems preferences (Coy et al.,2024; Habib et al.,2020). 
In Tanzania, the introduction of AI technologies in education has seen gradual progress. Various initiatives have been launched to improve access to digital learning resources (Kisanjara, 2024). The government's efforts through Higher Education for Economic Transformation (HEET) programs emphasizes the adoption of technology into learning environments, facilitating online learning, and improving access to information (Mwaitete, 2024). These initiatives aim to enhance access to quality education for underrepresented populations, including women, disabled individuals, and rural communities seek to eliminate barriers that hinder equitable access to educational resources and opportunities (World bank,2021). Higher learning institutions are actively striving to align with the Higher Education for Economic Transformation (HEET) project, recognizing the importance of modernizing their educational practices to meet contemporary challenges (Mandari et al.,2024). They are increasingly equipped with information systems on their learning platforms, reflecting a commitment to modernizing education and enhancing the learning experience (Kisanjara, 2024; Mahenge and Sanga, 2016). These systems often include a variety of digital resources, such as online course materials, learning management systems, and collaborative tools that facilitate communication between students and instructors. By integrating artificial intelligence into educational frameworks, higher learning institutions aim to improve accessibility and engagement, enabling students to access resources anytime and anywhere. The emergence of Artificial intelligence not only support but also empower learners with hearing problems in learning platforms (Almufareh et al.,2024). Although AI technologies utilization can improve accessibility, enhance engagement, and promote equitable educational outcomes, their deployment is limited (Masanja and Mkumbo, 2020). Unequal access to educational resources and opportunities for marginalized groups such as hearing-impaired students remain a longstanding challenge in higher learning institutions in Tanzania (Nazir et al.,2024). Thus, this study specifically assessed readiness of Higher learning institutions to adopt AI for hearing-impaired students. 
  


2.0 Theoretical literature review
This study is grounded in the Technology-Organization-Environment (TOE) framework, developed by Tornatzky and Fleischer in 1990, which provides a comprehensive lens for examining the multifaceted factors influencing AI adoption readiness. TOE framework posited that AI adoption readiness for supporting students with hearing problems is influenced by three interrelated factors which are technological, organizational, and environmental. Within the technological context, critical factors include the availability of ICT infrastructure, reliable internet connections, access to online learning platforms, and the presence of skilled ICT personnel, all of which are essential for effective technology implementation. In the organizational context, support mechanisms such as a culture of innovation, strong backing from top management, comprehensive training programs, and adequate financial resources play a vital role in facilitating the adoption readiness of AI technologies. Lastly, the environmental context encompasses external factors, including the existence of AI regulations and pressures from international organizations, which can significantly impact higher learning institution readiness to integrating AI technology into its educational practices.  TOE framework has been widely utilized in various studies such as banking (Kajla et al., 2024), retail (Hasa, 2024), manufacturing (Lim and Park, 2024) demonstrating its robustness and reliability as a theoretical model for understanding AI technology adoption readiness.
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       Figure 1: Proposed Conceptual Framework

2.1 Literature Review
The adoption of Artificial Intelligence (AI) in educational contexts has garnered significant attention, particularly in enhancing accessibility for marginalized groups, specifically hearing problem individuals (Boiko et al.,2024). AI readiness refers to the preparedness of educational institutions to effectively integrate Artificial Intelligence technologies into their systems and practices (Fundi et al.,2024). Artificial Intelligence (AI) refers to the simulation of human intelligence processes by machines, particularly computer systems (Fundi et al., 2024). These processes include learning, reasoning, and self-correction, enabling machines to perform tasks that typically require human intelligence. Artificial Intelligence (AI) plays a transformative role in supporting students with hearing problems, enhancing their educational experience and fostering greater inclusivity (Coy et al.,2024).  AI-powered applications can provide real-time sign language translation and speech-to-text transcription. This allows students with hearing problems to follow lectures and discussions seamlessly, ensuring they have equal access to information shared in the classroom (Graham et al., 2023). Recent advancements in AI offer promising solutions to these challenges. AI tools, such as virtual avatars and captioning services, plays a pivotal role in supporting students with hearing problems by significantly enhancing communication accessibility and fostering engagement within educational environments (Martin & Borup, 2022). Virtual avatars can provide real-time sign language interpretation, allowing students with hearing problems to receive information in a format that aligns with their preferred mode of communication. This not only facilitates a clearer understanding of course material but also promotes a sense of inclusion among peers (Fornauf & Erickson, 2020). Additionally, captioning services deliver accurate, real-time transcriptions of spoken language, ensuring that students with hearing problems can follow lectures and discussions without missing critical information. These tools collectively create a more equitable learning experience by addressing the unique challenges faced by students with hearing problems, enabling personalized learning pathways that accommodate diverse needs (Neild et al., 2022).


2.1.1 Technology Readiness
Technology readiness refers to an organization's preparedness to adopt and integrate new technologies into its operations and practices (Zhang et al., 2020). Numerous innovative technologies, such as real-time captioning, speech-to-text transcription, and virtual sign language avatars, have been developed and proven effective in various educational contexts. These tools hold great promise for transforming the learning experience of students with hearing problems by improving communication and engagement (O'Boyle et al., 2024). Studies shows the presence of skilled ICT personnel is essential for management and deployment of these AI tools. Moreover, the need for updated ICT infrastructure that can accommodate various AI tools is of paramount important (Firouzi et al., 2022). Without modern and updated ICT infrastructure, higher learning institutions may struggle to implement effective AI solutions in their learning platforms (Kisanga, 2020). Unfortunately, many learning management system are designed with general accessibility in mind but are not specifically structured to meet the unique needs of students with hearing problems, which can hinder their ability to benefit access to learning resources (Mohammed, 2021). This can result to missed opportunities for enhancing accessibility and inclusivity in education.  Studies reveal that the lack of a learning management system integrated with sign language interpreters and accessible materials creates a disadvantageous learning environment for students with hearing problems (Majoro, 2021).
2.1.2 Organization Readiness
Organizational readiness refers to the extent to which an organization is prepared to implement and integrate new initiatives, technologies, or changes into its practices and operations (Mladenova, 2022). Organizational readiness is essential for effectively adopting AI to support students with hearing problems, with several key factors playing crucial roles. Literature shows that top management support is vital, as leadership commitment can drive initiatives, allocate resources, and foster a culture of innovation that encourages adoption of new technologies (Cortes & Herrmann, 2021). Additionally, studies show that training designed to equip staff with the necessary skills to effectively use AI tools in their teaching practices is of paramount importance (Hutson & Ceballos, 2023). Most importantly, literature demonstrates that financial support is a crucial component of organizational readiness, as it facilitates the acquisition of essential technologies and the implementation of training programs, ensuring that resources are available to address the diverse needs of students with hearing problems (Nankinga, 2021). In strengthening organizational readiness, study shows the presence of an innovation culture fosters openness to change and experimentation with AI solutions, creating an environment where educators feel empowered to leverage technology to enhance learning experiences for all students (Wekerle et al., 2022). However, studies show fearing of disruptions to established practices can significantly limit the organization readiness to adoption AI technologies in learning platforms. Staff and administrators may be apprehensive about integrating new tools, concerned that these innovations could alter traditional teaching methods or introduce unfamiliar problems (Kukulska-Hulme et al., 2020). This fear often stems from a desire to maintain familiar routines that have proven effective over time.
2.1.3 Environment Readiness
Environmental readiness refers to the external factors and conditions that influence an organization's ability to adopt and implement new technologies (Bhuiyan, 2024). In the context of adopting AI to support students with hearing problems, the availability of clear policies and regulations governing AI usage is crucial, as these guidelines establish the framework for ethical and effective AI usage (Kumar & Nagar, 2024). Such policies ensure that the needs of all students, particularly marginalized groups like students with hearing problems, are addressed in the implementation process. Additionally, international organizations play a significant role in fostering inclusivity in education by advocating for technology integration and providing resources, best practices, and frameworks that promote accessibility (Ramachandran & Sujathamalini, 2024). Their emphasis on the urgent need for inclusive educational practices helps drive awareness and commitment from educational institutions, ensuring that the adoption of AI technologies is aligned with broader goals of equity and inclusion (Eden et al.,2024). 
3.0 Methodology
3.1 Research design
This study utilized a convergent parallel mixed-methods allowing the researcher to collect both qualitative and quantitative data simultaneously. This approach enables a comprehensive analysis by facilitating the comparison and integration of qualitative findings with quantitative results, thereby providing a deeper understanding of AI adoption readiness.


3.2 Study area
The study was conducted at the Tanzania Institute of Accountancy (TIA), one of the public higher Learning Institutions. The selected was based on its extensive network in the country with campuses in Dar es salaam which serves as the head quarter, Mtwara campus, Tanga campus, Zanzibar campus, Mbeya Campus, Singida Campus, Mwanza campus and Kigoma campus. TIA's commitment to inclusive education is further exemplified by its use of online learning platforms that require equal access for all students, including students with hearing problems. Additionally, TIA is one of the few institutions which are implementing the Higher Education for Economic Transformation (HEET) project, which promotes equitable access to education, particularly for marginalized groups like students with hearing problems. This alignment with HEET’s mission highlights the significance of investigating AI adoption readiness for inclusive educational opportunities for all students.
3.3 Population, sample size and sampling strategies
The population of this study comprises 300 TIA teaching staff. Teaching staff were selected as they are directly involved in the educational process. The sample size was computed using Yamane formula was utilized (Yamane, 1967). The Yamane formula is a widely accepted technique for calculating the sample size for a finite population. In the context of this study, the total population size (N) was 300 TIA teaching staff. The desired margin of error (e) was set at 0.05, and the confidence level was 95%. Hence Yamane formula is expressed as: n= where n is the required sample size, N is total population size, e is margin of error (0.05), desired confidence level is 95%.  Hence n== 171.
Thus, the sample size for the study comprised 171 teaching staff, selected using a simple random sampling technique. This method ensured that every member of the teaching staff had an equal opportunity to participate, thereby enhancing the validity and reliability of the research findings. Additionally, a purposive sampling technique was employed to gather qualitative data from key informants, specifically senior personnel, whose insights were crucial for understanding the broader context of AI adoption readiness.

3.4 Data collection
Data were collected using a combination of closed-ended questionnaires and structured interviews to obtain both qualitative and quantitative information. The closed-ended questionnaires provided a systematic way to gather measurable data from a larger sample, enabling statistical analysis and comparison of responses. In contrast, structured interviews allowed for in-depth exploration of participants' perspectives, offering richer qualitative insights into their experiences and attitudes regarding AI adoption readiness. This mixed-methods approach ensured a comprehensive understanding of the subject, combining the breadth of quantitative data with the depth of qualitative insights.
3.5 Data analysis
The collected data were analyzed using both descriptive and content analysis techniques. Descriptive analysis was employed to summarize and quantify the quantitative data gathered from the closed-ended questionnaires, in contrast, content analysis was utilized to interpret the qualitative data obtained from the structured interviews, allowing for an in-depth examination of themes, concepts, and perspectives expressed by participants. This dual approach facilitated a comprehensive understanding of the findings, integrating numerical data with rich qualitative insights to enhance the overall analysis.
4.0 Findings and Discussion
Before conducting the analysis, the internal consistency reliability of the constructs was assessed to ensure the validity of the measures used in the study as presented in table 1.0. 
Table 1.0 Construct reliability
	Construct
	Item code
	Factor loading
	Cronbach’s alpha value

	Technological Readiness
	TR1
	0.521
	0.751

	
	TR2
	0.572
	

	
	TR3
	0.597
	

	Organisation Readiness
	OR1
	0.675
	0.784

	
	OR2
	0.598
	

	
	OR3
	0.621
	

	
	OR4
	0.581
	

	Environment Readiness
	ER1
	0.532
	0.769

	 
	ER2
	0.643
	 



Specifically, a Cronbach's alpha coefficient was calculated, with a value of 0.7 or greater deemed sufficient for analysis, Additionally, we conducted a factor loading analysis, accepting items with a loading of 0.5 or higher. 
Interpretation of Mean Score for AI Adoption Readiness
To assess AI adoption readiness, we utilized a five-point Likert scale that enables participants to indicate their level of agreement with various statements. The scale is defined as follows: 1 - Strongly Disagree, 2 – Disagree, 3 – Neutral, 4 – Agree, 5 - Strongly Agree. To evaluate the overall level of readiness based on these responses, we computed the mean score for each participant. The interpretation of the mean score is categorized into different levels of readiness: 1.00 - 1.80: Very Low Readiness, 1.81 - 2.60: Low Readiness 2.61 - 3.20: Medium Readiness, 3.21 - 4.20: High Readiness and 4.21 - 5.00: Very High Readiness.
4.1 Technological Readiness
The results of the technological readiness assessment are summarized in Table 2, which provides a clear overview of the mean scores and status for various constructs related to technology. This table facilitates easy comparison and analysis of the strengths and gaps in readiness across different aspects of technology integration in higher learning institutions.
Table 2. Technological readiness
	Code 
	Construct
	Mean score
	Status

	TR1
	Available ICT infrastructure can accommodate AI tools
	2.21
	Low

	TR2
	Available ICT personnel can manage AI tools
	3.22
	Medium

	TR3
	The classrooms are equipped with permanent smartboards and projector to support AI tools
	2.76
	Medium

	TR4
	I have access to reliable internet services.
	3.33
	High

	 
	Overall Mean
	2.88
	Medium



The results of the Technological Readiness assessment reveal important insights into the capacity of higher learning institutions to support students with hearing problems through AI tools. The low mean score of 2.21 for available ICT infrastructure indicates that the existing systems are inadequate to fully accommodate AI technologies, posing significant challenges for effective implementation. This align with the explanation of one of the respondents who affirmed that "We have an information system in place; however, it is not structured to effectively support students with hearing problems, limiting their access to necessary resources and inclusive learning opportunities"(Respondent 3). In addition, the study revealed the medium score of 3.22 for the availability of ICT personnel suggests a moderate level of support for managing these tools; however, there is a clear need for additional training and resources to enhance their capabilities in assisting deaf students. The score of 2.76 regarding classroom equipment highlights an inconsistent availability of smartboards and projectors, which could hinder the integration of AI tools in the learning environment. On a positive note, the high mean score of 3.33 for access to reliable internet services indicates that students can effectively engage with online resources, which is crucial for their learning experience and AI usage. This align with the conclusion made by Fuentes et al., (2024) who concluded that availability of internet is crucial for online learning system integrated with AI tools. The overall mean score of 2.88 reflects a medium level of technological readiness, suggesting that while there are some strengths, significant gaps remain. To enhance AI readiness, institutions must prioritize upgrading their ICT infrastructure and ensuring that classrooms are equipped with the necessary technology for AI usage to support hearing-impaired students. 
4.2 Organization Readiness
The results of the organizational readiness assessment are detailed in Table 3, offering a concise summary of the mean scores and status for key constructs related to AI adoption readiness. This table highlights the strengths and areas for improvement within the institution's commitment and capacity to support AI integration effectively.
Table 3. Organization readiness
	Code 
	Construct
	Mean score
	Status

	OR1
	Top management is committed to support adoption of new technologies like AI 
	4.32
	Very High

	OR2
	 Innovative culture exists in my institute that may support adoption of AI
	3.56
	High

	OR3
	Staff have been trained with basic skills on how to use AI technology to support students with hearing problems
	2.33
	Low

	OR4
	Sufficient financial resources are available to support adoption of AI technology to support deaf students
	3.2
	Medium

	 
	Overall Mean
	3.35
	High



The Organization Readiness assessment indicates a promising environment for adopting AI to support students with hearing problems, highlighted by a very high mean score of 4.32 for top management's commitment to new technologies, which is crucial for driving initiatives and resource allocation. This aligns with the study of Barham et al. (2020) who revealed that op management support is vital for the adoption of new technology, as it provides the necessary resources, sets a clear vision, and fosters a culture of innovation. Additionally, the score of 3.56 reflects an innovative culture within the institution, suggesting that staff are open to exploring new solutions that can enhance educational practices. However, the low score of 2.33 for staff training in basic AI skills reveals a significant gap, as insufficient training may hinder effective integration of AI tools. Furthermore, the medium score of 3.20 for available financial resources suggests that while there are some funds allocated, they may not be adequate for comprehensive support. This is supported as one of respondents affirmed that “Awareness of AI tools to support students with hearing problems is still low, which may result into insufficient funds allocated for their deployment” (Respondent 6). The overall mean score of 3.35 demonstrates a high level of organization readiness; yet, addressing the training and financial resource gaps will be essential to fully leverage AI technologies for creating an inclusive educational environment for hearing-impaired students. 


[bookmark: _GoBack]4.3 Environment readiness
The results of the environmental readiness assessment are presented in Table 4, providing a comprehensive overview of the mean scores and status for various factors influencing AI adoption.
Table 4. Environmental readiness
	Code 
	Construct
	Mean score
	Status

	ER1
	There are clear policies and regulations in place regarding the use of AI technologies in higher learning institutions.
	1.25
	Very Low

	ER2
	International organizations emphasize the urgent need for technology integration in education to foster inclusivity, ensuring that all students, including students with hearing problems, have equal access to learning opportunities and resources.
	4.33
	Very High

	 
	Overall Mean
	2.79
	Medium



The Environment Readiness assessment highlights significant challenges and opportunities for supporting AI adoption for students with hearing problems in higher learning institutions. The very low mean score of 1.25 for the presence of clear policies and regulations regarding AI technologies indicates a critical deficiency in the institutional framework, which could hinder effective integration and consistent practices necessary for providing equitable access to educational resources for students with hearing problems. This is supported as one of the respondents said "We currently lack an AI usage policy and regulations, which hinders our ability to effectively and responsibly implement AI tools within our organization" (Respondent 3). In contrast, the very high score of 4.33 reflects strong external advocacy from international organizations emphasizing the urgent need for technology integration to foster inclusivity. This suggests a recognized commitment to ensuring that all students including students with hearing problems benefit from AI tools. This have been supported by respondents who said "We are lucky to be part of the HEET project, funded by the World Bank, which advocates for the use of technology in learning platforms and promotes inclusivity for marginalized groups" (Respondent 8). Overall, the mean score of 2.79 indicates a medium level of environmental readiness, underscoring the need for institutions to prioritize the development of comprehensive policies that support the effective use of AI technologies, thereby creating a more inclusive educational environment.
5.0 Conclusion 
The study identified both opportunities and challenges regarding AI adoption readiness. On one hand, there is a strong organizational readiness marked by high leadership commitment and an innovative culture that encourages the integration of new technologies. However, this potential is hindered by the lack of clear policies and regulations governing the use of AI technologies, which presents significant challenges to its adoption readiness. Additionally, the study highlighted a high level of readiness from external organizations emphasizing the urgent need for technology adoption to promote educational inclusivity example HEET project. This highlights the necessity for institution to bridge the gap between their internal capabilities and the external advocacy for inclusive practices, ultimately ensuring that AI tools can be effectively utilized to support all students, including students with hearing problems 
5.1 Recommendations
Based on the findings of this study, it is recommended that Tanzania Institute of Accountancy (TIA) should revisit its policy and regulations to include the use of AI technologies within learning platforms for enhancing educational inclusivity, particularly for marginalized groups, including hearing-impaired students. Additionally, TIA should prioritize upgrading ICT infrastructure to effectively accommodate AI technologies. This involves ensuring that learning platforms are equipped with AI tools such as virtual avatars, speech-to-text applications together with reliable internet access, which are crucial for integrating AI into teaching and learning practices.
Furthermore, TIA should invest in staff training to equip them with the necessary skills and capacity to effectively utilize AI tools for hearing-impaired students. Finally, TIA should engage in promoting awareness of the benefits of AI technologies among all education regulators such as TCU and NACTVET. Raising awareness can help foster broader acceptance and support for technology integration, ultimately contributing to a more inclusive educational environment for all students.
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