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Abstract                                                                     

Background/purpose. Education continues to evolve along with 
technological advances, and one of the biggest changes is the 
application of artificial intelligence (AI) in the learning process. The 
main problem in this study is the lack of in-depth understanding of the 
factors that influence the effectiveness of using AI in self-paced 
learning models. The purpose of this study is to identify key factors 
that influence the success of AI-based self-paced learning and 
contribute to the development of more adaptive technology-based 
education policies. 

Materials/methods. This study uses a Systematic Literature Review 
(SLR) approach with the PRISMA method. SLR to collect and analyze 
related literature from various academic databases. 

Results. The results of the study indicate that factors such as 
technology and infrastructure that support flexible learning, AI's 
ability to detect and overcome learning challenges, and 
personalization of learning that suits students' needs, play a significant 
role in increasing learning effectiveness. 

Conclusion. Ai in self-paced learning the use of chatbots, language 
support, and assessment automation were also found to contribute 
significantly to creating a more focused and efficient learning 
experience. 
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1. Introduction   

The implementation of AI in the educational environment has enabled a new approach that is 
more responsive to individual needs, both in formal and non-formal education contexts (Baltaci et 
al., 2024; Englmeier & Contreras, 2024). The use of AI has accelerated the evolution of traditional 
learning models towards intelligent digital systems that support lifelong learning processes (Yao et 
al., 2023; Zhao & Liu, 2024). AI has the ability to address important educational difficulties, improve 
innovative teaching and learning techniques, and ultimately accelerate progress towards the 
Sustainable Development Goal 4 (SDG 4) (Saharuddin et al., 2025). Various modern learning platforms 
now use AI not only to facilitate access but also to improve the quality of learning interactions 
(Brubacher et al., 2025; Sangeethapriya, 2024). In addition, this technology supports data-based 
decision-making in the management of educational institutions, from the policy level to 
implementation in the classroom (Aleven et al., 2022; Wu & He, 2023). AI also helps design 
simulation-based learning scenarios that allow students to experiment with difficult concepts visually 
and interactively (Chen et al., 2022; Englmeier & Contreras, 2024). On the teacher side, this 
technology helps in designing materials that are appropriate to the student's level, saving preparation 
time and enabling automatic learning differentiation (Aleven et al., 2022; Baltaci et al., 2024). As a 
result, AI has become a major catalyst in the development of more dynamic, future-oriented, and 
learner-centered learning systems (Brubacher et al., 2025; Yao et al., 2023). 

One increasingly popular approach is self-paced learning, where students have the flexibility to 
learn at their own time, pace, and preferences. In this context, AI plays a vital role in creating a more 
adaptive, personalized, and effective learning experience (Ellikkal & Rajamohan, 2025; Turan & 
Tinmaz, 2025; Wu & He, 2023). Several studies have shown that the use of AI in education can 
increase learning motivation, facilitate content personalization(D. F. Murad et al., 2020), and 
accelerate the assessment and feedback process (Aleven et al., 2022; Chen et al., 2022; Zhao & Liu, 
2024). The presence of features such as chatbots, content recommendation systems, and adaptive 
learning dashboards strengthens the personalization dimension in self-paced learning 
(Sangeethapriya, 2024; Wu & He, 2023; Yilmaz & Karaoglan Yilmaz, 2023). AI not only brings efficiency 
in managing materials, but also enhances a more humane and contextual learning experience 
(Sukumaran & Khair, 2024; Yao et al., 2023). On the other hand, students gain space for self-reflection 
and exploration because the AI system is able to recognize their learning patterns and adjust them in 
real-time (Brubacher et al., 2025; Hardaker & Glenn, 2025; Rufai et al., 2024). AI also facilitates access 
to materials in various formats and languages, allowing for greater inclusivity in learning (Baltaci et 
al., 2024; Chen et al., 2022). Thus, AI bridges students’ need for flexibility and quality of learning that 
is on par with face-to-face models (Baltaci et al., 2024; Zhao & Liu, 2024). 

The growing interest in this topic has led to a number of studies highlighting the potential and 
challenges of AI integration in self-paced learning. Many recent studies have shown that AI has a 
major role to play in supporting flexible learning with more effective personalization systems and 
automated evaluations that improve learning efficiency (Aleven et al., 2022; Chen et al., 2022; Ellikkal 
& Rajamohan, 2025). However, most existing studies still focus on the general application of AI in 
learning, without delving into the specific factors that influence the success of AI integration in the 
context of self-paced learning in sufficient detail (Wu & He, 2023; Zhao & Liu, 2024). A notable gap 
in this research is the lack of in-depth analysis on how AI can overcome obstacles that traditional 
learning methods may not detect. Factors such as material adaptation, automatic detection of 
learning difficulties, and context-based feedback have not been widely studied separately, even 
though they play an important role in enhancing the effectiveness of AI-based self-paced learning 
(Sangeethapriya, 2024; Turan & Tinmaz, 2025). In addition, another significant gap is the lack of 
studies on the social and psychological role in students' acceptance of AI. In addition, another 
significant gap is the lack of research on the social and psychological roles in students' acceptance of 

https://doi.org/10.22521/edupij.2025.18.429


                                                                                   Fernando et al. | 3 

https://doi.org/10.22521/edupij.2025.18.429 Published online by Universitepark Press 

AI even though it significantly affects their learning (Panjaitan et al., 2024). Many students may feel 
isolated in the self-paced learning process and experience anxiety related to the use of technology. 
This has the potential to affect their engagement in the learning process (Rufai et al., 2024; Yao et 
al., 2023). Further research is also needed to explore the relationship between individual learning 
styles and how AI can adapt teaching methods in real-time, to optimize a more inclusive and targeted 
self-paced learning experience (Brubacher et al., 2025; Zhao & Liu, 2024). Therefore, a more 
systematic mapping of the key factors that allow AI to contribute significantly to improving the 
effectiveness of this learning model is essential, especially in terms of personal adaptation, social-
psychological challenges, and learning personalization. 

With this background, this study aims to identify key factors that influence the success of AI-
based self-paced learning and contribute to the development of more adaptive technology-based 
education policies. The main focus is on identifying technology and pedagogy aspects that determine 
the success of AI implementation in self-paced learning. The results of this study are expected to be 
a reference in developing technology-based education policies, compiling digital curricula, and 
designing learning systems that are more responsive to the needs of self-paced learning (Brubacher 
et al., 2025; Sukumaran & Khair, 2024). Thus, this study provides a strategic contribution in building 
an inclusive, sustainable, and future-oriented education ecosystem. 

2. Literature Review  

Artificial intelligence (AI) is the ability of computers to accomplish tasks normally performed by 
humans. AI has emerged as one of the most prominent technical advancements of the twenty-first 
century (Razali & Mahamod, 2025). The development of AI technology has revolutionized various 
aspects of life, including in the field of education (Agarwal et al., 2024; Păvăloaia & Necula, 2023). AI-
learning-based approaches have been created within a universal computing framework for a wide 
range of services(Fernando et al., 2022, 2023), and they have made substantial progress towards 
becoming cutting-edge in a variety of technological domains(Razali & Mahamod, 2025). AI not only 
plays a role in the efficiency of administrative processes, but also becomes a key component in the 
transformation of learning that is more adaptive, personalized, and data-driven (Titan et al., 2019; 
Turan & Tinmaz, 2025; Wu & He, 2023). To improve the path and quality of talent training, AI is also 
actively utilized in educational informatization platforms to combine the benefits of educational 
models, reform traditional educational ideas, and implement scientific and systematic educational 
programs (Baratè et al., 2019) to adapt to modern and flexible learning such as online learning (D. 
Murad, 2025). 

The development of AI has opened up new opportunities to support self-paced learning models, 
especially with the presence of adaptive learning technology and intelligent tutoring systems (Chen 
et al., 2022; Rufai et al., 2024; Turan & Tinmaz, 2025). In a study conducted by Turan & Tinmaz (2025), 
it is explained that AI-enhanced technologies have played an important role in personalizing learning 
and increasing student motivation by providing learning materials tailored to the pace of each 
individual. This study also highlights how AI-based approaches can improve the effectiveness of self-
paced learning through the use of learning analytics, gamification, and data-driven adaptive 
evaluation systems. 

In addition to personalization, another challenge in the context of self-paced learning is the 
ability of the system to adapt to different domains, an issue described in research on Open-Set 
Domain Adaptation. According to Hardaker & Glenn (2025), self-paced learning approaches to new 
domains help improve the generalization of AI models when faced with data or conditions that have 
never been trained before, which is crucial for creating flexible and scalable learning systems. This 
finding is reinforced in other studies examining the use of AI in computer-based training systems, 
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which have successfully improved users' ability to adopt new systems more quickly and efficiently 
(Bouri & Reponen, 2021; Ellikkal & Rajamohan, 2025; Naidoo & Sibanda, 2024; Wu & He, 2023). 

Furthermore, other studies have shown that AI not only supports the technical aspects of 
learning but also helps improve teachers' experiences in managing students' self-paced learning. For 
example, the development of an AI-based dashboard that helps teachers monitor students' progress 
during self-regulated learning has had a positive impact on the effectiveness of academic tutoring 
(Baltaci et al., 2024; Sukumaran & Khair, 2024; Turan & Tinmaz, 2025; Yilmaz & Karaoglan Yilmaz, 
2023). In a broader context, the development of AI research in education is also moving towards the 
use of advanced techniques such as domain adaptation, federated learning, and intelligent tutoring, 
which aim to create a more intelligent, adaptive, and human-centered self-learning ecosystem 
(Aleven et al., 2022; Englmeier & Contreras, 2024; Yao et al., 2023). 

3. Methodology  

This study uses the Systematic Literature Review (SLR) method by following the guidelines of the 
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. PRISMA 
was chosen because it provides clear stages for selecting and evaluating scientific articles, making the 
results more transparent and reliable (Haddaway et al., 2022; Page et al., 2021; Xiao & Watson, 2019). 
The research process using this method is carried out in four main stages, namely the identification 
stage, screening, feasibility assessment, and data analysis and synthesis. 

In the first stage of identification, researchers collected various articles from relevant scientific 
databases, such as Scopus. The process of searching for this article was carried out using specific 
keywords, including "AI in education", "self-paced learning", and "personalized learning using AI", to 
ensure that the scope of the article was in accordance with the research objectives. The results of 
this initial search produced several scientific articles, which were then selected in the next stage. 
Next, the second stage is the screening stage, where the articles obtained are re-selected based on 
several criteria, such as the relevance of the topic to the application of AI in self-paced learning and 
the methodological quality of the article. At this stage, articles that are less relevant or do not meet 
the criteria are abandoned to maintain the quality of the study (Page et al., 2021; Xiao & Watson, 
2019). 

The third stage is the feasibility assessment stage, where researchers thoroughly read the articles 
that have passed the previous screening stage. Each article is assessed in terms of methodology, 
content relevance, and contribution to the research objectives. The purpose of this stage is to ensure 
that the articles analyzed are truly relevant and of high quality, so that the research findings have 
strong credibility (Haddaway et al., 2022; Xiao & Watson, 2019). The last stage is the data analysis 
and synthesis stage, which involves identifying the main patterns and factors found from the articles 
that have been assessed for their feasibility. The analysis was carried out using a thematic analysis 
approach, where data from various articles were arranged based on the main themes that emerged, 
such as technology, personalization of learning, and challenges in implementing AI in self-paced 
education. The research questions found in this study include: 

1. Describe comprehensively the development, distribution, and direction of research in this 
field, namely: Distribution of article types, Number of Publications Per Year, Number of Countries Per 
Year, Number of Countries Per Year, Author collaboration network, Keyword Frequency from Article 
Titles 

2. Find factors that influence AI-based self-learning. This results in a clearer understanding of the 
role of AI in self-learning. And it is expected to be an important reference in the development of 
technology-based education policies in the future. 

https://doi.org/10.22521/edupij.2025.18.429


                                                                                   Fernando et al. | 5 

https://doi.org/10.22521/edupij.2025.18.429 Published online by Universitepark Press 

 

Figure 1. Prisma Steps in SLR (Not Yet Explained in the Text) 

The diagram above is a PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-
Analyses) flowchart describing the study selection and screening process in a systematic review. The 
process began with the identification of 59 records from databases and registries, which were then 
reduced by 15 records due to duplication and automatic ineligibility, leaving 44 studies to be 
examined. From the title-based selection process, 24 studies were eliminated, and 20 proceeded to 
the abstract search stage, where 5 studies were not retrieved. Fifteen reports were then assessed for 
eligibility, but 4 of them were excluded due to irrelevant content. Ultimately, a total of 11 studies 
met the criteria and were included in the systematic review. This process demonstrates a rigorous 
and transparent selection method to ensure that only relevant studies that meet the criteria are 
analyzed in the review. 

4. Results 

In this section, we present several important findings from the analysis of scientific publications 
discussing the role of artificial intelligence (AI) in supporting independent learning processes. This 
analysis covers the types of articles published, how the number of publications has evolved over the 
years, and the extent to which countries have engaged with this topic. We also analyze the keywords 
that appeared most frequently in article titles to uncover the researchers' main focus. Equally 
important, we describe key factors that show how AI can truly help create more self-directed and 
effective learning experiences. These findings are expected to provide a comprehensive picture of 
the development, distribution, and direction of research in this field. 
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4.1. Distribution of Article Types

The results of the analysis of article types on datasets relevant to the topic of Artificial 
Intelligence and Self-Paced Learning show that the majority of articles come from Conference Papers, 
with a total of 7 articles (63.6%), while the remaining 4 articles (36.4%) are Journal Articles, as shown 
in Figure 2.  The dominance of these conference articles indicates that the discussion of the topic of 
AI in the context of self-paced learning is widely discussed in academic forums that allow direct 
interaction and in-depth discussions regarding the latest technology trends. 

 

Figure 2. Distribution of Article Types 

4.2. Number of Publications Per Year

Publications on AI in self-paced learning have increased significantly in recent years. Referring to 
Figure 3, there is a high concentration in the period 2020 to 2025, reflecting the growing interest in 
the integration of AI technologies in education, especially self-paced learning supported by adaptive 
technologies. Historically, research interest appeared relatively low in previous years, but has grown 
rapidly since the early 2020s. This trend indicates the increasing importance of AI as an essential 
enabling technology in modern education and the great potential for further research in developing 
more effective and personalized learning models. 

 

Figure 3. Number of Articles Related to AI and Self-Paced Learning by Year of Publication 
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4.3. Number of Country Per Year

The results of the analysis of country affiliations show in Figure 4, that the United States (USA) is 
the country with the largest contribution to research related to AI and Self-Paced Learning, with a 
total of four articles from various leading sources such as IEEE and ASEE. Germany is in second place 
with two articles, showing the active role of German institutions in the development of adaptive 
learning technology. Meanwhile, China, the United Kingdom (UK), Canada, India, and Italy each 
contributed one article, showing that research on this topic also has global appeal. The dominance 
of the United States and Germany reflects the strong research and innovation ecosystems in both 
countries in encouraging the integration of AI to strengthen self-paced learning models. 

 

Figure 4. Number of Country Per Year 

4.4. Number of Country Per Year

The results of the Text Network Analysis show in Figure 5. This mapping of keyword linkage 
network clusters shows how research on AI and self-paced learning forms a diverse but closely 
interconnected landscape. Overall, there are six main clusters, each representing a particular 
approach to the development of AI-based learning. The largest cluster revolves around digitally 
enabled collaborative learning, where concepts such as collaborative learning, gamification, and 
constructivism take center stage to create more dynamic and social learning experiences. On the 
other hand, there is a cluster that highlights the domains of learning adaptation and transfer, showing 
how AI is used to adapt learning in different contexts and data. One of the most important clusters 
relates directly to self-paced learning and intelligent tutoring systems, where AI serves as an 
intelligent companion to support self-paced learning and assisted programming, such as OpenAI 
Codex and Copilot. Additionally, clusters focused on personalized learning and formative assessment 
were also found, which prioritize individual learning experiences and adaptive tracking of student 
development. No less interesting is a small group discussing the use of advanced machine learning 
techniques, such as federated learning and adversarial learning, in the context of education, as well 
as a more specific group on problem-solving practices with the help of AI-based tutoring software. 
Overall, this map illustrates that research in this area focuses not only on how to make students learn 
more independently, but also on how AI can make the learning process safer, more collaborative, 
more personal, and better prepared to face the challenges of the ever-changing digital age.  
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Figure 5. Text Network Analysis 

4.5. Author Collaboration Network

The author collaboration network in research on AI that influences Self-Paced Learning shows a 
fairly organized collaboration structure, where each node represents an author and edges describe 
the collaborative relationships between authors in one article. From the visualization, it can be seen 
that most collaborations form small, solid groups, with several authors acting as collaboration centers 
(hubs) connecting many other colleagues, indicating their importance in research coordination. 
These authors build a tight network of connections, while some others appear more solitary with 
limited connections. The network pattern shows that research in this field is collaborative, combining 
various expertise such as artificial intelligence, educational technology, and instructional design to 
enrich self-paced learning innovation. This visualization also opens up opportunities to identify key 
actors in the network, analyze research clusters, and explore new areas for future cross-disciplinary 
collaboration. 
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Figure 6. Author Collaboration Network 

4.6. Keyword Frequency from Article Titles

The word cloud produced from the titles of articles related to Artificial Intelligence (AI) and Self-
Paced Learning shows that the main focus of the research revolves around the themes of "learning", 
"self-paced", "AI", and "teaching", which appear dominant with larger letter sizes. This allows that 
the first thing that comes to mind for the authors when they start their research using the keywords 
AI and self-paced, including how the authors transform these thoughts into their writing and start 
with these 2 words. Words such as "education", "training", "systematic", and "adaptation" also 
appear with a fairly high frequency, showing great attention to how AI technology is integrated into 
a more flexible and independent learning approach. The presence of the terms "review", "self-
directed", and "open-set" indicates a tendency to evaluate, adapt, and explore new methods in the 
context of AI-based education. This word cloud emphasizes that the core of the research is not only 
focused on the development of technology, but also on the paradigm shift of education that is more 
personal, adaptive, flexible, and oriented to the needs of learners, in line with the digital 
transformation that increasingly dominates the academic world and modern learning practices. 
Figure 7 shows the frequency of keywords from article titles. 
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Figure 7. Keyword Frequency from Article Titles 

4.7. Comprehensive AI Contribution Factors in Supporting Self-Paced Learning

There are several comprehensive AI contribution factors in supporting self-placed learning, as 
shown in Figure 8 below: 

   

Figure 8. Comprehensive AI Contribution Factors in Supporting Self-Placed Learning 

4.7.1 Technology and Infrastructure 

Technology is the foundation of AI-based self-paced learning, which enables flexible and efficient 
delivery of materials (Ellikkal & Rajamohan, 2025; Turan & Tinmaz, 2025; Wu & He, 2023). 
Automating assessments with BERT (Wijanarko et al., 2023). Digital platforms such as NxTEL are 
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designed to support dynamic learning experiences, providing robust backend services (Wu & He, 
2023; Yao et al., 2023; Zhao & Liu, 2024). This infrastructure also allows students to access materials 
anytime, anywhere, making learning more inclusive (Baltaci et al., 2024; Yao et al., 2023). Integrated 
cloud systems play a major role in storing student interaction data and providing real-time progress 
reports (Bouri & Reponen, 2021; Turan & Tinmaz, 2025; Wu & He, 2023). In addition, this platform 
makes it easier for institutions to manage distance learning. The existence of AI-based technology 
also minimizes dependence on manual processes in learning monitoring(Brubacher et al., 2025; Wu 
& He, 2023). When digital infrastructure is well prepared, students tend to have higher motivation to 
learn independently (Turan & Tinmaz, 2025; Wu & He, 2023; Yao et al., 2023) . Adaptively built 
learning environments make learning experiences more personal and focused [the success of 
implementing AI in education begins with the readiness of its technology (Aleven et al., 2022; Baltaci 
et al., 2024; Turan & Tinmaz, 2025; Yao et al., 2023). 

4.7.2. Learning Challenge Management

AI allows learning systems to automatically detect obstacles experienced by students and 
provide adaptive solutions (Aleven et al., 2022; Wu & He, 2023). This system is able to recognize 
performance declines and suggest appropriate remedial materials or learning alternatives(Bouri & 
Reponen, 2021; Rufai et al., 2024; Zhao & Liu, 2024). This approach supports learning continuity 
without always having to wait for manual intervention from teachers (Turan & Tinmaz, 2025; Wu & 
He, 2023). With the help of AI, students receive relevant guidance according to the context of the 
difficulties they experience (Wu & He, 2023; Zhao & Liu, 2024). Some systems even utilize machine 
learning to anticipate challenges that may arise based on historical data. This makes the learning 
system feel more responsive and intelligent in assisting students (Rufai et al., 2024; Wu & He, 2023). 
With good challenge management, the possibility of students giving up when learning independently 
can be minimized. 

4.7.3. Utilization of Chatbots and NLP

Natural Language Processing (NLP)-based chatbots such as ChatGPT have been widely used to 
support independent learning (Sangeethapriya, 2024; Wu & He, 2023). This technology provides an 
interactive learning experience that resembles a dialogue with a personal tutor (Aleven et al., 2022; 
Bouri & Reponen, 2021; Chen et al., 2022). Chatbots are able to answer questions, explain materials, 
and direct the learning process according to individual needs (Brubacher et al., 2025; Sangeethapriya, 
2024). NLP also enables personalization of communication that helps students understand 
information in a more natural way (Baltaci et al., 2024; Wu & He, 2023). In addition, chatbots can 
provide relevant instant feedback, strengthening student engagement and understanding (Chen et 
al., 2022; Sangeethapriya, 2024).In the context of online education, chatbots minimize the sense of 
isolation that students often experience when learning independently (Brubacher et al., 2025; Wu & 
He, 2023).With interactions that take place naturally, students' emotional involvement increases. 

4.7.4. Language Support

AI helps students develop second language skills through features such as speech recognition, 
text correction, and interactive exercises (Chen et al., 2022; Sangeethapriya, 2024). These systems 
identify pronunciation errors and suggest corrections in appropriate contexts (Aleven et al., 2022; 
Bouri & Reponen, 2021; Turan & Tinmaz, 2025; Wu & He, 2023).With this technology, students can 
learn languages independently without fear of being judged. In addition, AI enables inclusive 
multilingual learning that can be customized for different cultural backgrounds (Baltaci et al., 2024; 
Chen et al., 2022; Ellikkal & Rajamohan, 2025). Such learning platforms also help students build 
academic literacy in a foreign language (Sangeethapriya, 2024; Wu & He, 2023). AI provides exercises 
that can be repeated at any time, allowing for gradual and consistent improvement in competence 
(Sangeethapriya, 2024; Wu & He, 2023). 
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4.7.5. Skills Development

AI enables students to practice practical skills through simulation, pattern recognition, and 
automated feedback (Englmeier & Contreras, 2024; Wu & He, 2023). This technology is used in skills 
training such as programming, logical reasoning, and oral communication (Aleven et al., 2022; Turan 
& Tinmaz, 2025). AI-based exercises provide challenges that are tailored to the student's level of 
understanding and progress (Baltaci et al., 2024; Wu & He, 2023).This makes the learning process 
more adaptive and less boring (Bouri & Reponen, 2021; Brubacher et al., 2025). AI also encourages 
students to learn from mistakes without social pressure (Chen et al., 2022; Englmeier & Contreras, 
2024). With a data-driven approach, skills development becomes more measurable and results-
oriented (Wu & He, 2023; Zhao & Liu, 2024). 

4.7.6. Personalized Learning

AI's ability to read learning patterns enables more personalized learning that is tailored to each 
student's needs (Aleven et al., 2022; Ellikkal & Rajamohan, 2025; Hardaker & Glenn, 2025; Turan & 
Tinmaz, 2025). This system adjusts the content, methods, and sequence of material delivery based 
on student performance data. This personalization makes students more motivated because they 
feel the material being studied is relevant and on target (Bouri & Reponen, 2021; Ellikkal & 
Rajamohan, 2025; Zhao & Liu, 2024). In addition, AI is able to adjust the pace of learning to the 
cognitive abilities of each individual (Wu & He, 2023; Yao et al., 2023). This provides space for 
students to focus on strengthening areas that are still weak without feeling left behind (Turan & 
Tinmaz, 2025; Zhao & Liu, 2024). 

4.7.7. Assessment Automation

AI has made the assessment process easier by providing automatic and instant feedback to 
students (Rufai et al., 2024; Wu & He, 2023; Zhao & Liu, 2024). This technology analyzes students' 
answers, assesses the level of understanding, and offers recommendations for further material. With 
an automated evaluation system, teachers can focus more on pedagogical aspects and personal 
interventions (Baltaci et al., 2024; Wu & He, 2023). AI-based evaluation also minimizes bias and 
increases fairness in assessment (Bouri & Reponen, 2021; Chen et al., 2022). In addition, this system 
is able to store assessment history to monitor student progress in the long term. Automation also 
helps identify patterns of errors that students often make (Brubacher et al., 2025; Rufai et al., 2024). 
This allows for a more targeted and effective corrective approach. 

4.7.8. Motivational Support

AI contributes greatly to maintaining students’ enthusiasm for learning through features such as 
gamification and positive reinforcement (Baltaci et al., 2024; Sangeethapriya, 2024; Wu & He, 2023). 
The system designs adaptive challenges and digital rewards to increase student engagement. 
Providing timely positive feedback can strengthen students’ self-confidence (Bouri & Reponen, 2021; 
Chen et al., 2022). In addition, the element of healthy competition in the AI system triggers 
enthusiasm for learning and provides a fun learning experience through an approach that is tailored 
to students’ learning styles (Baltaci et al., 2024; Brubacher et al., 2025; Wu & He, 2023). This 
motivational support is essential in self-directed learning that requires high discipline. 

4.7.9. Learning Independence

AI encourages the growth of learning independence by providing tools such as learning planners, 
progress trackers, and task notifications (Turan & Tinmaz, 2025; Wu & He, 2023). The system also 
teaches students how to set realistic learning goals and achieve them gradually (Aleven et al., 2022; 
Baltaci et al., 2024). With better self-monitoring, students become more aware of their strengths and 
weaknesses (Amedu & Ohene-Botwe, 2024; Bouri & Reponen, 2021; Rufai et al., 2024).  The 
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technology also trains time management and responsibility skills (Amedu & Ohene-Botwe, 2024; Wu 
& He, 2023; Yao et al., 2023). AI helps transform students from mere recipients of material into active 
participants in the learning process (Chen et al., 2022; Englmeier & Contreras, 2024; Younas et al., 
2025). 

4.7.10. Adaptation of Materials

AI can adjust learning content based on students' ability levels and learning styles. This system is 
able to arrange the sequence of material delivery to suit students' cognitive development (Turan & 
Tinmaz, 2025; Yao et al., 2023). The material is delivered in a more interactive form, such as videos, 
simulations, or adaptive quizzes (Aleven et al., 2022; Bouri & Reponen, 2021). AI is also able to reduce 
boredom by updating the delivery method according to student preferences (Baltaci et al., 2024; 
Englmeier & Contreras, 2024). This approach helps maintain students' focus and interest in learning. 

4.7.11. Second Language Context

In second language learning, AI provides pronunciation practice features and contextual 
sentence recognition (Chen et al., 2022; Wu & He, 2023). Students can practice speaking with a 
system that provides immediate feedback on pronunciation errors (Aleven et al., 2022; 
Sangeethapriya, 2024). This provides an opportunity to learn a language naturally and repeatedly 
without social pressure (Baltaci et al., 2024; Sangeethapriya, 2024). Voice and text-based systems 
support simultaneous mastery of listening and speaking skills (Englmeier & Contreras, 2024; Wu & 
He, 2023). This accelerates the process of students adapting to new language structures. 

4.7.12. Higher Education Environment

AI has been widely integrated into higher education institutions, supporting flexibility and 
efficiency of learning (Wu & He, 2023; Zhao & Liu, 2024). Universities are starting to use AI in 
academic administration systems, progress tracking, and evaluation systems (Baltaci et al., 2024; Yao 
et al., 2023). This technology helps lecturers design teaching materials that suit the needs of 
heterogeneous classes (Brubacher et al., 2025; Turan & Tinmaz, 2025). On the other hand, students 
gain a more independent and directed learning experience (Aleven et al., 2022; Bouri & Reponen, 
2021). This digital campus environment also supports lifelong learning. 

4.7.13. Speaking Skills Practice

AI can help students practice speaking skills by recognizing voices and providing responses based 
on pronunciation quality. The system can compare students' intonation with standard pronunciation 
models. This allows students to gradually improve their accent and intonation (Aleven et al., 2022; 
Bouri & Reponen, 2021). With unlimited repetition, AI-based exercises build students' confidence 
(Englmeier & Contreras, 2024; Wu & He, 2023). 

4.7.14. New Technology Literacy

AI serves as a medium to introduce future technologies such as IoT, blockchain, and machine 
learning (Yao et al., 2023; Yilmaz & Karaoglan Yilmaz, 2023; Zhao & Liu, 2024). Students not only use 
technology, but also understand it deeply (Aleven et al., 2022; Baltaci et al., 2024; Wu & He, 2023). 
Learning is done through interactive simulations and problem-based projects (Baltaci et al., 2024; 
Bouri & Reponen, 2021; Turan & Tinmaz, 2025). This builds critical thinking and students' readiness 
to face the challenges of digital technology (Englmeier & Contreras, 2024; Yao et al., 2023). 

4.7.15. AI Chatbot Integration 

Chatbots are currently widely employed in a variety of applications, particularly in systems that 
provide intelligence support to users. A chatbot is an artificial intelligence software or conversational 
system capable of mimicking human speech (Azlan et al., 2022). AI chatbots like ChatGPT are used as 
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digital tutors that are available at all times. They answer students' questions, guide learning, and 
provide direct feedback (Chen et al., 2022; Sangeethapriya, 2024; Sukumaran & Khair, 2024; Wu & 
He, 2023). Chatbots also play a role in maintaining learning motivation with a natural communicative 
approach (Aleven et al., 2022; Brubacher et al., 2025). The presence of chatbot provides the user 
with great flexibility and makes learning feel more social and interactive, even though it is done 
online. 

5. Discussion 

Artificial Intelligence technology has been shown to change the traditional learning paradigm by 
enabling more personalized, flexible, and adaptive self-paced learning. AI serves as a key driver in 
automatically providing relevant content, providing real-time feedback, and supporting students' skill 
development. This encourages students to be more independent in managing their learning process, 
adjusting the pace, and selecting materials according to their needs. Although AI shows much 
potential in supporting self-paced learning, existing research is still limited in mapping the factors 
that directly affect the effectiveness of its implementation. Factors such as material adaptation, 
automatic detection of learning difficulties, and context-based feedback are still under-explored in 
the literature, even though these factors have a significant impact on learning outcomes 
(Sangeethapriya, 2024; Sukumaran & Khair, 2024; Turan & Tinmaz, 2025). Therefore, a more 
systematic and in-depth mapping of these factors is needed to improve the quality of AI 
implementation in self-paced learning. 

One area that is still rarely researched is the role of social and psychological factors in the 
acceptance and success of AI in self-paced learning. Students who feel isolated or experience 
technology anxiety may not fully engage in AI-supported self-paced learning (Rufai et al., 2024; Yao 
et al., 2023). Further research is needed to examine how AI can support more natural social 
interactions and reduce the anxiety that may arise from using new technologies. One of the most 
significant aspects of the application of AI in self-paced learning is its ability to adapt learning to 
individual preferences. AI is able to identify students' learning patterns and provide the most relevant 
materials according to their abilities and learning styles. This not only increases learning effectiveness 
but also supports student motivation, which is often a major challenge in self-paced learning 
(Sangeethapriya, 2024; Turan & Tinmaz, 2025; Wu & He, 2023). 

The success of AI in self-paced learning is highly dependent on the readiness of the technology 
infrastructure. Although AI offers great potential, its implementation requires support from reliable 
digital infrastructure and the ability of institutions to manage this technology. Cloud-based platforms, 
data management, and robust backend systems are key to ensuring that adaptive and flexible 
learning can run smoothly (Naidoo & Sibanda, 2024; Yao et al., 2023; Zhao & Liu, 2024). 

The optimize the potential of AI in self-paced learning, a technology-based education policy is 
needed that supports the development of adaptive digital learning systems. These policies must be 
responsive to the diverse needs of students, including individual needs in terms of accessibility, types 
of learning content, and seamless system integration between technology and pedagogy (Baltaci et 
al., 2024; Bouri & Reponen, 2021; Turan & Tinmaz, 2025). 

One of the main contributions of this study is the importance of developing sustainable digital 
learning systems. Systems designed with students' needs and technological flexibility in mind will be 
a strong foundation for creating inclusive, sustainable, and future-oriented learning(Brubacher et al., 
2025; Sukumaran & Khair, 2024). Holistic design can provide long-term benefits for various groups of 
students, not just those who are familiar with technology. The results of this study indicate that the 
integration of AI in education can influence the design of the curriculum and teaching methods used 
by educators. Curricula that are responsive to technological developments and student needs will 
enable more competency-based learning and more relevant outcomes. Thus, educational policies 
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and curriculum design need to consider the use of AI as a tool in creating more flexible and adaptive 
learning experiences. 

6. Conclusion 

This study has successfully identified and mapped the role of AI in supporting self-paced learning, 
which has been shown to increase the flexibility, personalization, and efficiency of self-paced 
learning. AI plays a crucial role in creating a more adaptive learning experience by adjusting content, 
providing real-time feedback, and automating evaluation. Technologies such as chatbots, content 
recommendation systems, and adaptive learning dashboards allow students to learn at their own 
pace, enhancing a more personalized and targeted learning experience. Factors such as content 
adaptation, automatic detection of learning difficulties, and context-based feedback have not been 
studied in depth, although they are very important in enhancing the effectiveness of this learning 
model. In addition, many social and psychological challenges have not been widely studied in the 
literature related to the acceptance of AI by students. Issues such as student engagement, technology 
anxiety, and student perceptions of the use of AI in self-paced learning need to be further considered, 
as these affect their learning outcomes. Therefore, to improve the effectiveness of AI implementation 
in self-paced learning, further research is needed to explore the social, psychological, and 
pedagogical factors that support the success of this learning model. Overall, this study emphasizes 
the importance of systematic mapping of key factors that influence the use of AI for self-directed 
learning. The results of this study are expected to be the basis for developing more inclusive 
technology-based education policies, as well as designing digital learning systems that are adaptive 
and responsive to student needs. This study provides a strategic contribution to building a 
sustainable, inclusive, and future-oriented education ecosystem. 
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