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The present study examined the relationships between Artificial Intelligence for 
Development (AI4D) usage, instructor attitude towards technology, learners' 
characteristics/wellbeing, and learning outcomes in Open and Distance Learning (ODL) 
environments in India. A quantitative research design was employed using purposive 
sampling (a non-probability sampling method) to ensure that participants had relevant 
experience with ODL platforms. Data were collected from 410 students at Bhopal School 
of Social Sciences (BSSS), Bhopal, who had completed at least one certificate or diploma 
course offered through SWAYAM, a government-supported Massive Open Online Course 
(MOOC) platform widely recognised as India’s flagship ODL initiative.  A self-reporting 
questionnaire was employed to gather data digitally, ensuring convenience and reach. In 
this study, AI4D usage refers to interaction with AI-enabled features on the SWAYAM 
platform, such as personalised recommendations, adaptive content delivery, automated 
feedback, and progress tracking tools. The findings of the study provided insights into the 
extent to which AI4D usage influences learning outcomes, the role of instructor attitude in 
shaping the effectiveness of AI4D, and the moderating effects of learner characteristics on 
this relationship. This study contributes to a deeper understanding of the role of AI4D in 
facilitating effective teaching and learning in ODL environments and offers implications 
for educational practice, policy formulation, and future research in the Indian context. 

 
Introduction 

The integration of Artificial Intelligence (AI) in education is gaining significant attention as 
educators seek innovative methods to enhance teaching and learning. AI shows significant 
promise in Open and Distance Learning (ODL), a mode of education that provides flexible and 
accessible learning opportunities regardless of learners’ geographical location or time 
constraints. AI for Development (AI4D) refers to the application of AI technologies to improve 
educational outcomes, and it has the potential to revolutionise ODL by supporting learner 
autonomy, enhancing digital literacy, and promoting well-being (Kostopoulos et al., 2021). 
Distance education plays a vital role in expanding access to quality education and fostering 
lifelong learning (de Melo-Minardi et al., 2022; Tan et al., 2022). Kurubacak et al. (2022) 
showed that the effective integration of AI4D into ODL environments requires an understanding 
of how AI technologies interact with contextual variables such as learner characteristics and 
instructor attitude towards technology, which influence learning experience. Personalised 
learning experiences (PLE) enabled by AI can offer tailored educational pathways, provide 
instant feedback, and address individual needs. Despite the increasing integration of AI in 
education, limited empirical evidence exists on how AI4D enhances learner autonomy, digital 
literacy, and well-being in the context of India’s ODL platforms. This study addresses that gap 
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by examining the relationship between AI4D usage, instructor attitude towards technology, 
learner characteristics, and PLE, and how these variables collectively influence learning 
outcomes in the ODL environment. AI4D refers to interaction with AI-enabled features 
embedded within the SWAYAM platform — the national Massive Open Online Course 
(MOOC) initiative in India. These features include personalised learning recommendations, 
adaptive content delivery, automated feedback, and progress tracking dashboards that support 
self-paced personalised learning. AI4D usage, as studied here, captures how these AI-supported 
components influenced experiences and outcomes in ODL environments.  

Theoretical Background 

The integration of AI4D into ODL has led to a significant advancement in educational practices 
(Kasinidou et al., 2023), harnessing advanced technologies to enhance teaching and learning 
experiences (Göksel, 2021; Ndhlovu & Goosen, 2022).  

Technological Advancement 
AI4D includes a diverse range of AI and techniques, including machine learning, natural 
language processing, and data analytics, tailored to address the unique challenges and 
opportunities within ODL environments (Göksel, 2021). At its core, AI4D in ODL aims to 
personalise learning experiences, provide real-time feedback, and facilitate adaptive learning 
pathways for learners regardless of geographical location or time constraints (Ngoepe et al., 
2022). AI4D enables the creation of intelligent tutoring systems and virtual learning assistants 
that offer personalised support and guidance to learners, empowering them to take control of 
their learning process and pursue their educational goals autonomously. AI4D facilitates the 
development of adaptive learning environments that dynamically adjust to learners’ pace and 
abilities, promoting active engagement and critical thinking (Dua, 2021). In the present study, 
AI4D was operationalised through learners' reported interaction with AI-enabled features 
integrated into the SWAYAM platform, such as personalised recommendations that support 
individualised learning in an ODL setting 

Learner Autonomy 
Learner autonomy is the ability of learners to take control of their learning process and make 
informed decisions about their educational journey, which is a central concept in ODL (Naidu & 
Sevnarayan, 2023). Studies have shown that it has gained prominence in the digital learning 
context (Alhumaid et al., 2023; Aljarrah et al., 2021). AI systems, by offering PLE, have the 
potential to empower students to take charge of their learning process (Al-Tkhayneh et al., 2023; 
Vasiliev & Eremeeva, 2023). It was also evident that these systems must be designed to support, 
rather than control, the learning journey and self-assessment of students (Vasiliev & Eremeeva, 
2023). The pedagogical approaches to learner autonomy vary, with some focusing on the 
inherent ability of learners to manage their learning, which emphasises training toward autonomy 
(du Boulay, 2023; Mallik & Gangopadhyay, 2023). Learner autonomy was examined as a key 
learning outcome influenced by AI4D usage in the ODL environment, and was measured 
through a structured scale reflecting learners’ self-directed goal setting, learning management, 
and progress monitoring. 

Well-Being 
Recent studies have increasingly focused on understanding how AI affects the mental health and 
emotional well-being of students in educational institutions. Al has shown PLE learning 
experiences and enhancing motivation among learners (Amreen & Malik, 2021). Adaptive 
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learning technologies have been found to reduce stress and anxiety by providing tailored 
feedback and adapting content delivery to individual learning needs (Denovan & Macaskill, 
2017). The well-being of learners is a crucial consideration in educational settings, and AI4D in 
ODL has the potential to positively impact learners’ mental, emotional, and social well-being 
(Shrivastava, 2023). AI reduces study-related stress, enhances motivation through PLE, and 
promotes a sense of satisfaction among learners (Shrivastava, 2023). The intersection of 
emotional well-being and digital education is increasingly acknowledged as critical for holistic 
development (Khan & Thomas, 2022). Educational systems are encouraged to adopt an 
integrative approach to both the opportunities and challenges posed by digital technologies, 
which includes social-emotional skills and resilience (Khan & Thomas, 2022). Research has 
highlighted issues such as over-reliance on AI, which diminishes students' critical thinking and 
creativity (Hernández-Torrano et al., 2020). The collection and analysis of large amounts of 
student data by AI systems raises significant privacy and ethical concerns, necessitating careful 
management to safeguard student privacy rights (Karapetyan, 2021). Wellbeing was the key 
learner outcome impacted by AI4D usage in ODL and was assessed through items reflecting 
learners' emotional balance, motivation and perceived stress during online learning experiences. 

Digital Literacy and AI4D 
Digital literacy, incorporating the ability to access, evaluate, and utilise digital technologies 
effectively, is essential in the digital age. Studies show that the rapid evolution of digital 
technologies necessitates a strong foundation in digital literacy for learners to thrive (Flores-
Vivar & García-Peñalvo, 2023). The review reveals an increasing focus on digital literacy, 
categorised into literacies, competencies, skills, and thinking, indicating a broad interpretation 
that includes creative and critical use of digital resources (Bacalja et al., 2022). AI, by providing 
access to personalised learning resources and interactive environments, can facilitate the 
development of digital competencies (Tinmaz et al., 2023). Wang et al. (2023) showed that by 
integrating digital literacy education with AI-driven instructional strategies, ODL providers can 
prepare learners to adapt to evolving technological landscapes, engage with digital content 
responsibly, and participate actively in the digital economy. ODL holds promise for promoting 
learner autonomy, well-being, and digital literacy in educational settings (Ocaña-Fernández et 
al., 2020; Yang, 2022). AI evolved to create inclusive and empowering educational experiences 
for learners (Su et al., 2023). Learners are not just consumers but creators in digital spaces, 
which is vital for fostering a deep understanding of digital literacy (Celik, 2023).  

PLE, Instructors’ Attitude, Learner Characteristics as Other Constructs  
PLE act as mediating constructs for AI’s transformative role in ODL and represent a significant 
shift towards more individualised education (Flores-Vivar & García-Peñalvo, 2023). The review 
suggested that the shift is made possible through AI systems that tailor the learning process to 
meet the unique needs and skills of each learner (Bacalja et al., 2022). Tinmaz shows that 
adaptive learning platforms like Squirrel AI provide personalised pathways through the 
curriculum (Tinmaz et al., 2023). It enhances learners’ autonomy by empowering students to 
take control of their learning journey through the concept of self-directing one’s own learning 
process (Wang et al., 2023).  Personalised learning not only supports academic success but also 
contributes to the well-being of learners (Apoki et al., 2022). PLE enhance learner engagement, 
satisfaction, and achievement, making them a valuable component of modern educational 
environments.  Instructor attitudes toward technology in education also play a crucial role in 
shaping the integration and effectiveness of technology-enhanced learning environments (Selim 
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& Chiravuri, 2015). These attitudes involve educators’ beliefs, perceptions, and comfort levels 
regarding the use of technology in teaching and learning (Hassad, 2013). The review indicated 
that instructors who exhibit positive attitudes toward technology are more likely to embrace 
innovative teaching methods with new educational technologies and adapt their instructional 
practices to accommodate diverse learner needs (Harris et al., 2016). Harris showed that the role 
evolves significantly, requiring a reevaluation of teaching methods and an adaptation to 
technological advancement (Harris et al., 2016; Li et al., 2015). Learners' characteristics 
significantly influence the effectiveness of AI-supported learning (Ha & Jho, 2022). Learners 
with high levels of digital literacy are more adept at using technology-based resources. At the 
same time, Jho suggested that those with diverse cultural backgrounds bring unique perspectives 
to collaborative learning activities (Ha & Jho, 2022).  

Research Gap and Significance  
Existing studies have highlighted the broad potential of AI in education, particularly in 
enhancing personalised learning and impacting learner autonomy, well-being, and digital 
literacy. There is a research gap regarding how AI4D specifically fosters these constructs within 
India’s ODL settings. Previous research primarily examined the isolated effects of AI on learning 
outcomes but there has been a lack of comprehensive studies exploring the interconnected 
dynamics of learner autonomy, well-being, and digital literacy within India’s unique socio-
cultural context. India’s educational landscape presents differing linguistic and socio-economic 
demographics, infrastructural disparities, and varying levels of digital access (Akgun & 
Greenhow,  2022). Understanding how AI4D usage, instructor attitude, and learners’ 
characteristics collectively influence learning outcomes in this context is essential for informing 
evidence-based practices and policy decisions aimed at enhancing ODL experiences and 
outcomes across India. The present study aims to contribute to a deeper understanding of how to 
address these gaps by developing effective support for teaching and learning in ODL 
environments (Crompton & Burke, 2023).  

Research Questions 
RQ1: To what extent does AI4D usage in ODL influence the learning autonomy of 

the learners? 
RQ2: What effect does AI4D usage in ODL have on enhancing well-being? 
RQ3: What effect does AI4D usage in ODL have on improving digital literacy?  
RQ4: How do learner characteristics and instructor attitudes towards technology 

moderate the relationships between AI, for development usage in ODL, and 
the dependent variables affecting the strength and direction of these effects?  

RQ5: What is the mediating role of PLE in the relationship between AI for 
development usage in ODL and the dependent variables (learner autonomy, 
well-being, and digital literacy), and how does AI4D enhance learner 
autonomy, well-being, and digital literacy? 
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Methods 
Research Methodology 
The study employed a quantitative cross sectional research design to collect data at a single point 
in time and showed relationships between AI4D usage in ODL, instructor attitude towards 
technology, learner characteristics, and their impact on learner outcomes in digital literacy, 
learner autonomy and learner well-being, including the mediating role of personalised learning 
experiences.   

Population and Sample 
Purposive sampling, a non-probability technique, was used to ensure participants had relevant 
experience with ODL platforms. The sample consisted of 410 students from The BSSS College, 
Bhopal, India, who had completed a SWAYAM course as part of their undergraduate continuous 
comprehensive evaluation (CCE) process. Students who had completed at least one certificate or 
diploma course from the SWAYAM MOOC platform during the academic years 2022 and 2023 
were included. Participants were identified through institutional records then contacted, and data 
were collected via a structured Google Form survey. The Taro Yamane formula (Yamane, 1967) 
was used to assess the adequacy of the sample size. 

Instruments 
A structured, self-reporting questionnaire was developed to assess the key variables of the study. 
The tool consisted of 35 items across seven subscales, with each subscale representing one 
construct: AI4D usage in ODL, Learners' Autonomy, Learners' Well-being, Digital Literacy, 
Personalised Learning Experiences, Learners Characteristics, and Instructor Attitudes towards 
Technology. Each subscale initially included seven items, rated on a 5-point Likert scale (1 = 
Strongly Disagree to 5 = Strongly Agree). Based on the outer loading values obtained from 
Smart-PLS, one item (the third item under Learners’ Autonomy) was removed due to low 
reliability. Measurement Model analysis was conducted using PLS-SEM in Smart PLS 4.0 for 
construct validity and internal consistency. Cronbach’s alpha, composite reliability, and average 
variance extracted (AVE) were calculated and are presented in Table 1.  
Table 1: Construct Reliability and Validity of Instrument 

Constructs  Cronbach's 
Alpha 

Composite 
Reliability 

(rho_a) 

Composite 
Reliability 

(rho_c) 

Average 
Variance 
Extracted 

(AVE) 

AI for Development (AI4D)  in ODL 0.969 0.969 0.974 0.842 

Digital Literacy 0.957 0.958 0.965 0.797 
Instructor Attitudes Towards 
Technology 0.970 0.971 0.975 0.847 

Learner Characteristics 0.950 0.955 0.959 0.770 
Learner Well-being 0.960 0.963 0.967 0.808 
Learners' Autonomy 0.954 0.955 0.963 0.812 
Personalised Learning Experiences 0.968 0.968 0.973 0.839 
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Procedure and Data Collection 
Data were collected digitally using Google Forms. The links were shared with eligible students 
through institutional communication channels. Prior to participation, students were informed 
about the purpose of the study and informed consent was obtained. Anonymity and 
confidentiality were assured. The survey was administered in English and took approximately 
10-15 minutes to complete. 

Conceptual Framework and Hypotheses  
In the context of ODL, the present study conceptualised AI4D as the independent variable. The 
primary learner outcomes (learner autonomy, digital literacy, and learner well-being) were 
dependent variables. Two key moderating variables were proposed: learner characteristics and 
instructor attitude towards technology. PLE was modeled as a mediating variable, reflecting how 
AI4D contributed indirectly to the enhancement of learner outcomes. The conceptual framework 
is presented in Figure 1.  
 

 
Figure 1: Conceptual framework illustrating the influence of AI4D tools on learner outcomes in 

ODL, with personalised learning as a mediator and instructor attitudes  
and learner characteristics as moderators 

This framework not only informed the design of the research instrument but also structured the 
hypothesis formulation and statistical analysis approach. Each relationship in the framework was 
tested using Partial Least Squares Structural Equation Modeling (PLS-SEM) by SmartPLS 4.0 
with bootstrapping to assess significance. Based on this, the following five hypotheses were 
formulated:  
 

H1: AI4D usage in ODL positively affects learner autonomy by providing 
personalised learning paths and resources that allow learners to control their 
learning process.  

H2: AI4D usage in ODL enhances well-being by offering supportive, engaging, 
and less stressful learning environments.  

H3: AI4D usage in ODL improves digital literacy through exposure to and 
interaction with advanced digital resources.  
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H4: Learner characteristics and Instructor Attitudes toward technology moderate 
the relationships between AI4D usage in ODL and the dependent variables, 
affecting the strength and direction of these effects.  

H5: Personalised learning experiences mediate the relationship between AI4D 
usage in ODL and the dependent variables, explaining how AI4D enhances 
learner autonomy, well-being, and digital literacy.  

This integrated framework allowed the study to examine both the direct and indirect 
effects of AI4D usage within ODL settings, addressing each of the five research questions 
through hypothesis-based analysis. 

Statistical Techniques 
Direct path analysis was used for RQ1, RQ2, and RQ3 to assess the impact of AI4D usage on 
learners' autonomy, well-being, and digital literacy. Moderation analysis using Interaction was 
applied for RQ4 to analyse the role of learner characteristics and instructor attitudes. Mediation 
analysis was conducted for RQ5 to evaluate the mediating effect of PLE. Bootstrapping was used 
to test the significance of all the paths. Construct reliability and validity were established through 
outer loadings, Composite Reliability (CR), Average Variance Extracted (AVE), and T-statistics. 

Results 

RQ1/H1: AI4D Usage and Learner Autonomy  
Table 2 presents the path coefficient from AI4D usage to learner autonomy as 0.848, indicating a 
strong positive relationship (supporting H1). The mean value for this path was 0.837, with a 
relatively low standard deviation of 0.078. The T statistic of 10.856 was highly significant (p < 
0.001), suggesting that AI4D usage significantly impacted and enhanced Learner Autonomy in 
ODL. This supports the hypothesis that personalised learning paths and resources provided by 
AI4D empower learners to control their learning process, aligning with theories of self-directed 
learning.   

Table 2: Path Coefficients, T-Statistics, and Significance Levels for AI4D Usage on Learner 
Outcomes 

Hypotheses Original 
Sample (O) 

Sample 
Mean (M) 

Standard 
Deviation 
(STDEV) 

T Statistics 
(|O/STDEV|) P Values 

H1: AI4D Tool Usage in 
ODL positively affects 
Learner Autonomy by 
providing personalised 
learning paths and 
resources that allow 
learners to control their 
learning process 

0.848 0.837 0.078 10.856 0.000 
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RQ2/H2: AI4D Usage and Learner Well-being  
Table 3 shows that the path coefficient from AI4D usage to Well-being was 0.673, indicating a 
moderately positive relationship. The mean value for this path was 0.660, with a slightly higher 
standard deviation of 0.126 compared to learner autonomy. The T statistics of 5.353 were also 
highly significant (p < 0.001), suggesting that AI4D usage significantly contributed to enhancing 
Well-being in ODL. This supports the hypothesis that AI4D creates supportive, engaging, and 
less stressful learning environments, thereby positively impacting learners’ well-being. These 
results support Hypothesis 2, confirming that AI4D usage contributes to enhancing well-being in 
ODL settings by fostering engaging, supportive, and less stressful learning environments. 
Table 3: Path Coefficients, T-Statistics, and Significance Levels for AI4D Usage on Wellbeing 

Hypotheses Original  
Sample (O) 

Sample 
Mean (M) 

Standard 
Deviation 
(STDEV) 

T Statistics 
(|O/STDEV|) P Values 

H2: AI4D Usage in ODL 
enhances Well-being by 
offering supportive, 
engaging, and less 
stressful learning 
environments. 
 

0.673 0.660 0.126 5.353 0.000 

RQ3/H3: AI4D Usage and Digital Literacy  
Table 4 shows that the path coefficient from AI4D usage to digital literacy was 0.810, indicating 
a strong positive relationship. The mean value for this path was 0.790, with a relatively low 
standard deviation of 0.099. The T statistic of 8.154 was highly significant (p < 0.001), 
indicating that AI4D usage significantly improved digital literacy in ODL. This aligns with the 
hypothesis that exposure to and interaction with advanced digital resources facilitated by AI4D 
contribute to enhancing learners’ digital literacy skills. 
Table 4: Path Coefficients, T-Statistics, and Significance Levels for AI4D Usage on Digital Literacy  

Hypotheses Original 
Sample (O) 

Sample 
Mean (M) 

Standard 
Deviation 
(STDEV) 

T Statistics 
(|O/STDEV|) P Values 

H3: AI4D Usage in ODL 
improves Digital Literacy 
through exposure to and 
interaction with advanced 
digital resources. 

0.810 0.790 0.099 8.154 0.000 
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RQ4/H4: Moderating Effects of Learner Characteristics and Instructor Attitudes 
Figure 2 illustrates the moderating effects of Learner Characteristics (LC) and Instructor 
Attitudes (IA) on the relationship between AI4D usage and learner outcomes, supporting 
Hypothesis 5. Significant interaction effects are visible for IA on Digital Literacy (β = 0.404, T = 
2.010), confirming moderation. While some paths show weaker or non-significant effects, the 
model highlights how these moderators influence the strength and direction of AI4D's impact. 
Table 5 below presents all the corresponding values. 

 

Figure 2: Path coefficient with moderating variables 

Table 5 suggests that learner characteristics and instructor attitudes towards technology serve as 
moderators in the relationships between AI4D Usage in ODL and the dependent variables, 
potentially influencing the strength and direction of these effects. Learner characteristics 
demonstrate a significant impact on digital literacy (path coefficient = 0.419, t statistic = 2.386, p 
= 0.017) and learner well-being (path coefficient = 0.832, T statistic = 3.655, p = 0.000), 
indicating their influential role in shaping these outcomes. Learner characteristics significantly 
affect learners’ autonomy (path coefficient = 0.522, T statistic = 2.152, p = 0.031). Instructor 
Attitudes towards technology exhibit varying impacts on relationships. While they significantly 
influence digital literacy (path coefficient = 0.204, T statistic = 1.117, p = 0.264), their direct 
effects on learner well-being and autonomy are non-significant. However, their interactions with 
AI4D usage in ODL significantly affect digital literacy (path coefficient = 0.404, T statistic = 
2.010, p = 0.044), suggesting a potential moderating effect.  
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Table 5: Path Coefficients: Mean, STDEV, T Values, p Values 

 Hypotheses Original 
Sample (O) 

Sample 
Mean (M) 

Standard 
Deviation 
(STDEV) 

T Statistics 
(|O/STDEV|) P Values 

AI for Development 
(AI4D) in Open and 
Distance Learning -> 
Digital Literacy 

0.149 0.147 0.122 1.230 0.219 

AI for Development 
(AI4D)  in Open and 
Distance Learning -> 
Learner Well-being 

0.004 -0.003 0.185 0.020 0.984 

AI for Development 
(AI4D)  in Open and 
Distance Learning -> 
Learners' Autonomy 

0.669 0.641 0.253 2.645 0.008 

Instructor Attitudes 
Towards Technology -> 
Digital Literacy 

0.204 0.264 0.183 1.117 0.264 

Instructor Attitudes 
Towards Technology -> 
Learner Well-being 

0.010 0.083 0.224 0.044 0.965 

Instructor Attitudes 
Towards Technology -> 
Learners' Autonomy 

-0.002 0.010 0.222 0.011 0.991 

Learners' Characteristics -
> Digital Literacy 0.419 0.399 0.176 2.386 0.017 

Learners' Characteristics -
> Learner Well-being 0.832 0.790 0.228 3.655 0.000 

Learners' Characteristics -
> Learners' Autonomy 0.552 0.494 0.256 2.152 0.031 

Learners' Characteristics* 
AI for Development 
(AI4D)  in Open and 
Distance Learning -> 
Digital Literacy 

-0.436 -0.399 0.187 2.335 0.020 

Learners' Characteristics* 
AI for Development 
(AI4D)  in Open and 
Distance Learning -> 
Learner Well-being 

-0.157 0.119 0.483 0.326 0.745 

Learners' Characteristics* 
AI for Development 
(AI4D)  in Open and 
Distance Learning -> 
Learners' Autonomy 

-0.153 0.047 0.398 0.384 0.701 
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 Hypotheses 
Original 
Sample 
(O) 

Sample 
Mean (M) 

Standard 
Deviation 
(STDEV) 

T Statistics 
(|O/STDEV|) P Values 

Instructor Attitudes 
Towards Technology* 
AI for Development 
(AI4D)  in Open and 
Distance Learning -> 
Digital Literacy 

0.404 0.357 0.201 2.010 0.044 

Instructor Attitudes 
Towards Technology* 
AI for Development 
(AI4D)  in Open and 
Distance Learning -> 
Learner Well-being 

0.182 -0.117 0.487 0.374 0.709 

Instructor Attitudes 
Towards Technology*AI 
for Development (AI4D)  
in Open and Distance 
Learning -> Learners' 
Autonomy 

-0.123 -0.236 0.359 0.343 0.732 

Instructor Attitudes 
Towards Technology* 
Learners' Characteristics 
-> Learners' Autonomy 

-0.095 -0.064 0.221 0.429 0.668 

Instructor Attitudes 
Towards Technology* 
Learners' 
Characteristics*AI for 
Development (AI4D)  in 
Open and Distance 
Learning -> Learners' 
Autonomy 

-0.227 -0.147 0.212 1.071 0.284 

* Shows the moderating interaction effect between the constructs  

RQ5/H5: Mediating Role of PLE   
Figure 3 supports H4 by illustrating the mediating role of PLE between AI4D usage and learners' 
outcomes. Significant path coefficients from AI4D to PLE and from PLE to each variable 
confirm the mediation effect. This indicates that AI4D enhances learners' outcomes indirectly 
through personalised learning. Table 6 presents all the corresponding values. 
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Figure 3: Path coefficient with a mediating variable 

Table 6 presents a thorough examination of the proposed associations among AI4D usage in 
ODL, PLE, and key dependent variables: Digital Literacy, Learner Well-being, and Learners’ 
Autonomy. The findings reveal a significant positive link between AI4D usage and Digital 
Literacy (path coefficient = 0.310, T statistic = 2.923, p = 0.003), affirming the role of AI4D in 
enhancing digital literacy skills. A significant positive relationship was identified between AI4D 
usage and Learners’ Autonomy (path coefficient = 0.497, T statistic = 3.767, p < 0.001), 
indicating that these empower learners to assume greater control over their learning process. 
However, the direct impact of AI4D usage on Learner Well-being is non-significant (path 
coefficient = 0.100, T statistic = 0.756, p = 0.450), suggesting that AI4D alone may not directly 
influence learners’ well-being. Nonetheless, AI4D usage was significantly associated with PLE 
(path coefficient = 0.716, T statistic = 6.102, p > 0.001), underscoring its role in creating tailored 
learning environments. The analysis reveals the mediating effect of PLE in the relationship 
between AI4D usage and the dependent variables, with significant positive paths observed to 
Digital Literacy, Learner Well-being, and Learner’s Autonomy. These findings shed light on 
how AI4D enhances learning outcomes and experiences in ODL by fostering personalised 
learning environments. 
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Table 6: Path Coefficients: Mean, STDEV, T Values, p Values 

Hypotheses 
Original 
Sample 
(O) 

Sample 
Mean (M) 

Standard 
Deviation 
(STDEV) 

T Statistics 
(|O/STDEV|) P Values 

AI for Development 
(AI4D)  in Open and 
Distance Learning -> 
Digital Literacy 

0.310 0.277 0.106 2.923 0.003 

AI for Development 
(AI4D)  in Open and 
Distance Learning -> 
Learner Well-being 

0.100 0.090 0.133 0.756 0.450 

AI for Development 
(AI4D)  in Open and 
Distance Learning -> 
Learners' Autonomy 

0.497 0.504 0.132 3.767 0.000 

AI for Development 
(AI4D)  in Open and 
Distance Learning -> PLE 

0.716 0.705 0.117 6.102 0.000 

PLE -> Digital Literacy 0.691 0.710 0.089 7.728 0.000 

PLE -> Learner Well-
being 0.784 0.775 0.121 6.502 0.000 

PLE -> Learners' 
Autonomy 0.482 0.465 0.138 3.505 0.000 

Discussion and Implications 
The findings of this study provide valuable insights into the role of AI4D in ODL environments, 
particularly in the Indian context, where its effect on digital literacy was modest, and its direct 
effect on learner wellbeing was limited. These results underscore the importance of learner 
characteristics and instructor attitude in influencing outcomes (Kasinidou et al., 2023). 
Consistent with prior studies, AI4D was found to foster self-directed learning and autonomy (Lin 
& Wu, 2022). Unlike some previous research, the relationship between AI4D and digital literacy 
was weaker (Tinmaz et al., 2023), suggesting that factors like prior experience and motivation 
(Bacalja et al., 2022) are crucial. Learner traits, such as background knowledge and experience 
(Hsu et al., 2023), strongly influenced all three outcomes, while instructor attitude affected 
digital literacy but not well-being or autonomy (Al Enezi et al., 2022; Motshegwe & Batane, 
2015). The findings imply that effective AI integration in ODL must consider both learner 
readiness and faculty engagement. Institutions should invest in targeted training and support 
systems to maximise AI’s benefits. Policies should address equity, access, and ethical AI use 
while fostering inclusive digital learning environments. Future research should explore the 
longitudinal effects of AI4D and focus on in-depth qualitative studies to understand learner 
experiences across diverse educational and cultural contexts. 
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