
I. J. Education and Management Engineering, 2024, 5, 12-22 
Published Online on October 8, 2024 by MECS Press (http://www.mecs-press.org/) 

DOI: 10.5815/ijeme.2024.05.02 

This work is open access and licensed under the Creative Commons CC BY 4.0 License.                             Volume 14 (2024), Issue 5 

Harnessing the Power of Artificial Intelligence 

for Adaptive Learning Systems: A Systematic 

Review 

 

Muhammad Jawad Mustfa* 
Department of Computer Science, Punjab School Education Department, Gujranwala, Pakistan 

Email: muhammadjawadmustfa@gmail.com 

ORCID iD: https://orcid.org/0009-0003-6784-1234 

*Corresponding Author 

 

Sidra Ashiq 
Department of Chemistry, University of Gujrat, Gujrat, Pakistan 

Email: sidraalim0@gmail.com 

ORCID iD: https://orcid.org/0009-0001-9999-8901 

 

 

Received: 09 November, 2023; Revised: 19 December, 2023; Accepted: 04 March, 2024; Published: 08 October, 2024 

 

 

Abstract: This research paper delves into the transformative potential of Adaptive Learning Systems (ALS) in 

revolutionizing education through the integration of Artificial Intelligence (AI). With traditional educational approaches 

often failing to accommodate individual learning needs, the answer to this problem is adaptive learning system which 

focuses on personalized content delivery, instructional methods, and assessments. Through case studies spanning 

various educational contexts, including various countries, higher education, and diverse cultures, we have evaluated the 

effectiveness of different ALS techniques in terms of different educational needs and requirements. By reviewing these 

techniques in terms of their features, capabilities and functionalities, we have tried to figure out, how does the use of AI 

in adaptive learning systems contribute to personalized learning experiences for students. The paper also highlights the 

key challenges and limitations associated with the integration of AI in ALS. It addresses issues like data protection, 

analyzes the ALS principles and investigates the ethical consideration which arises during implementation of AI in 

adaptive learning systems. Furthermore, it underscores the pivotal role educators’ play in collaborating with AI systems 

to create a balanced learning environment. By providing insights into future directions, such as advancements in 

personalization techniques and lifelong learning, this paper contributes to understanding the complex interplay between 

AI and personalized education. Ultimately, the research advocates for the widespread integration of ALS as a 

transformative approach that has the potential to redefine education and cater to the diverse needs of learners in the 

digital age.  
 

Index Terms: Adaptive Learning Systems, Personalized Education, Artificial Intelligence, Knowledge Measurement, 

Learning Process. 
 

 

1.  Introduction 

To be intelligent, one must be capable of perceiving the contexts, associating that contexts with actions, and act 

accordingly. In spite of the fact, it's not a novel idea for machines to replicate intelligent human behavior, AI has 

recently become a hot topic of conversation [1]. In the process of propagating and developing personalized education, 

the introduction of computer-assisted instruction and learning has been crucial. In the 1950s, computer-based 

instruction (CBI) gained popularity, particularly in industrialized countries like the United States. However, during the 

beginning of the 1960s, education technologists from all over the world began to create programs to help tutors and 

assess pupils. The educational technology that was introduced at this time primarily incorporated behavioral psychology 

advances [2].  

A number of years ago, before the advent of computers and other related technology, teachers and students used to 

carry out mechanical instruction and learning. In the 1970s, microcomputers, and subsequently personal computers, 

were introduced, which, according to Flamm, provided greater computing power and signaled the arrival of mass 

market electronic computers [3]. Based on the research of Skinner (1958), In order to identify key characteristics of 
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teaching machines and computer-based instruction, it would be necessary to identify the way in which materials are 

arranged so that students are able to make accurate responses and receive reinforcement when making them. [4].  

Campbell Kelly agreed that the advent of the electronic computer, and the availability of such for a variety of 

entities across a wide range of economic sectors, was precipitated by the advent of personal computers in the 1970s. [5]. 

Individuals and non-governmental organizations can now use computers thanks to the development of personal 

computers. As a result of these transitions, computers proliferated in various sectors of the economy and society. 

In the changing educational landscape, “the one-size-fits-all” approach to teaching and learning has proven more 

ineffective in meeting the different demands and learning styles of pupils. While necessary, traditional educational 

institutions frequently struggle to meet each student's unique needs, which has a variety of effects on students' levels of 

involvement, comprehension, and academic achievement [6]. Technology's quick development, especially in the area of 

artificial intelligence (AI), offers a possible answer to this important problem. With the frequent use of AI techniques 

and algorithms, adaptive learning systems (ALS) have become a transformative force in reinventing education through 

individualized strategies which adjust to each learner's specific characteristics and requirements [7]. 

Personalization of instruction is not a new concept in the classroom; rather educators have long understood how 

important it is to take into the abilities and interests of each and every student account. However, one of the problems 

with the traditional educational model has been that it was unable to provide customized instruction at such a large scale. 

The ALS, on the other hand, makes use of artificial intelligence to quickly gather, examine, and analyze enormous 

quantities of information about students. As a result of this data-driven methodology, ALS is able to modify the 

teaching materials, delivery techniques, and assessment plans to meet the specific needs of every individual student 

based on the results of the data analysis [8]. The combination of AI with personalized education corresponds with the 

digital era's emphasis on customization and responsiveness, allowing education to advance outside of the physical 

limitations of the classroom [9]. 

Even when technology plays a critical role in delivering individualized content, the knowledge and direction of 

educators are still essential for fostering critical thinking, fostering emotional intelligence, and facilitating meaningful 

interactions within the learning process. This partnership between AI and educators aims to provide children with a 

balanced, comprehensive education that will enable them to succeed academically and acquire critical life skills. [10]. 

Traditional education methods frequently face difficulties in catering to the learning requirements of students, 

leading to a demand for adaptive learning systems (ALS). These platforms aim to overcome this obstacle by focusing 

on tailored content delivery teaching approaches and evaluations. These systems are designed to address this challenge 

by emphasizing personalized content delivery, instructional methods, and assessments. In our research, we have 

conducted case studies that span a wide range of educational contexts, including different countries, higher education 

institutions, and diverse cultural backgrounds. By analyzing these studies, we have evaluated the effectiveness of 

various ALS techniques in relation to the distinct educational needs and requirements encountered in these contexts. 

Our assessment involved examining the characteristics, abilities and functions of ALS methods. Through this 

analysis, our goal was to explore the impact of incorporating intelligence (AI) into learning systems on enhancing 

personalized learning for students. We investigated how AI driven ALS techniques can customize content delivery, 

adjust teaching approaches and offer tailored assessments to meet the preferences and requirements of learners. By 

identifying and evaluating these AI powered aspects, we aimed to highlight the advantages and efficiency of utilizing 

AI in learning systems. 

Additionally, our study paper discusses the key challenges and limitations related to the incorporation of AI in 

ALS. We explore topics like data security because using AI requires handling and evaluating a lot of student data. We 

look at the ALS guiding principles and explore the moral issues that come up when artificial intelligence is used in 

adaptive learning systems. In order to ensure the responsible and equitable use of AI in educational contexts, ethical 

problems like privacy, bias, and fairness are closely examined. 

Overall, our research paper presents an in-depth exploration of how ALS techniques, empowered by AI, can 

enhance personalized learning systems The objective of this study is to present a comprehensive analysis of the 

relationship between AI and customized learning by elucidating the fundamental ideas of ALS, evaluating their benefits 

and drawbacks and also investigating their ethical implications. This study will also highlight how crucial educator’s 

collaboration is to successfully integrating ALS into school environments. 

2.  Literature Review 

2.1  Traditional Vs. Personalized Education 

Traditional or conventional educational methods and personalized/individualized education represent two separate 

paradigms in the field of pedagogy. In the past traditional methods have served as the backbone of education for 

centuries, the emergence of personalized education seeks to address the limitations and shortcomings inherent in one-

size-fits-all approaches. This comparative analysis explores the key differences between these two approaches. It also 

highlights the advantages of personalized education in meeting the diverse needs and preferences of learners in today's 

rapidly evolving educational landscape [11]. 
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2.1.1  Approach to Instruction 

Traditional education focusses on standardized curricula and its teaching strategies are central to conventional 

teaching. It supports students’ progress through the curriculum at the same pace, regardless of individual learning 

readiness or proficiency [12]. The teacher is the primary source of information and instruction, and students play a 

relatively passive role. 

While here in personalized education instruction is tailored to the individual learner's abilities, interests, and 

learning styles. Learners have the flexibility to progress at their own pace, allowing for deeper understanding and 

mastery. Moreover, technology and data-driven approaches enable the customization of content delivery and learning 

pathways [13]. 

2.1.2  Engagement and Motivation 

In traditional education engagement may vary due to a lack of alignment between instructional methods and 

students' interests. Learners who struggle or excel may feel disengaged in a one-size-fits-all classroom [14]. While in 

personalized education, customized content and activities enhance learner engagement and motivation. Students have 

ownership of their learning, as they can explore topics that resonate with them [15]. 

2.1.3  Assessment and Feedback 

In traditional learning assessments are often summative and occur after a set period, offering limited opportunities 

for real-time adjustment. Feedback may be delayed, hindering the learning process. While in the adaptive learning, there 

is a complete opposite. Continuous assessments provide ongoing insights into student performance and understanding 

[16]. Immediate feedback allows for prompt correction and improvement. 

2.1.4  Flexibility and Adaptability 

Traditional education have limited opportunities for collaborative and interactive learning experiences. Critical 

thinking and problem-solving skills may not be emphasized [17]. Whereas in adaptive learning collaborative projects 

and interactive learning experiences foster communication and teamwork. Emphasis on critical thinking and problem-

solving skills enhances learners' ability to apply knowledge. 

2.1.5  Collaboration and Critical Thinking 

Traditional education have limited opportunities for collaborative and interactive learning experiences. Critical 

thinking and problem-solving skills may not be emphasized [18]. Whereas in adaptive learning collaborative projects 

and interactive learning experiences foster communication and teamwork. Emphasis on critical thinking and problem-

solving skills enhances learners' ability to apply knowledge. 

2.1.6  Teacher’s Role 

Teachers are primarily responsible for content delivery and classroom management in traditional learning. 

Tailoring instruction to individual students can be challenging in large classrooms. Teachers become facilitators and 

guides in personalized learning, providing personalized guidance and support. Technology assists educators in tracking 

student progress and adapting instruction [19]. 

2.2  Evolution of Personalized Education 

The evolution of education has been marked by an ongoing endeavor to enhance the effectiveness of instructional 

methods and improve learning outcomes [20]. Famous conventional “one-size-fits-all” techniques of teaching have 

often failed historically in catering to the diverse learning needs and keeping up pace with that of students. It is evident 

that the emergence and evolution of Adaptive Learning Systems (ALS) represents a paradigm shift in education, 

capitalizing on technological advancements to deliver a personalized and dynamic learning experience [21]. This 

section traces the evolutionary trajectory of ALS and explores their pivotal role in shaping modern education. 

With the advent of computer-assisted instruction (CAI) in the middle of the 20th century, the roots of the ALS can 

be traced all the way back to the introduction of technology in education. [22]. In the early days of CAI, there were 

basic types of personalized instruction available where students engaged with computer systems to get content that was 

customized to their unique reaction patterns. [23].This was the first step towards realizing the potential of technology to 

recognizing the potential of technology to adapt instruction to individual learners' needs. 

In order to gain the full advantage of data analytics and machine learning methods, ALS has gone one step further. 

The purpose of this analysis is to identify each student's strengths, weaknesses, and learning preferences by analyzing a 

variety of data, such as assessment results and interactions with learning resources. By doing so, we can say that it is 

now better equipped to spot patterns and trends in the way its students are learning in terms of how they learn. Through 

this data-driven approach, ALS is able to determine the best learning paths for each individual based upon the 

individual's requirements using a data-driven approach [24]. 

We can now process a wide range of data, including student performance, preferences, and learning patterns. The 

integration of artificial intelligence has greatly influenced the evolution of adaptive learning systems [25]. Today's AI-
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based adaptive learning system is a groundbreaking technological advancement that has revolutionized the field of 

education. With its ability to independently implement sophisticated algorithms, this system has the power to 

dynamically adjust content delivery, sequencing, and assessment processes in real time. Gone are the days of static 

instruction platforms, as this application of AI has transformed adaptive learning systems (ALS) into highly adaptable 

and personalized learning environments. 

One of the defining characteristics of ALS is its ability to dynamically adapt the content delivery process. Based on 

ongoing assessments and student interactions, ALS adjusts the level of difficulty, pace, and sequencing of instructional 

materials on a regular basis [26]. Students who can grasp concepts quickly are further presented with more advanced 

challenges, while those who require additional support will receive targeted instructions based on the level their needs. 

Due to this versatility, students are kept engaged and challenged to get best out of their abilities [27]. 

Over the short span of past few years, ALS has revolutionized the arena of instructional learning by providing 

learners with immediate and targeted feedback, which has made teachers continuously aware of learner’s levels of 

understanding about the topic. Traditional education is often based on delayed assessments, which hinders learners' 

ability to make timely improvements in their learning [28]. On the other hand, ALS provide instant insight into 

performance which allow learners to address misconceptions and gaps in their knowledge as soon as possible. This real-

time feedback loop enhances the learners understanding and facilitates the teacher for further personalization. 

Furthermore, the real-time feedback increases understanding and simplifies mastery of the material. The best war 

to engage learners, is the use of gamification elements, interactive simulations, and collaborative tools which ultimately 

result in enhancing the learning experience and promoting the experiential learning [29]. Additionally, ALS has 

seamlessly integrated with Learning Management Systems (LMS) and other education technology platforms, creating a 

cohesive and interconnected educational experience. 

3.  Research Objectives and Methodology 

To provide a comprehensive overview of the most recent insights into the application of artificial intelligence (AI) 

and adaptive learning systems (ALS) within the educational sector, an in-depth systematic literature review was 

meticulously carried out. For the purpose of this review, a structured and repeatable systematic search methodology was 

employed, ensuring a high degree of thoroughness and repeatability. The search was conducted over a period spanning 

from March 2023 to August 2023. 

During this timeframe, an exhaustive full-text examination of relevant publications was completed. This process 

involved a careful selection based on specified inclusion and exclusion criteria that are typical of a systematic review. A 

systematic review, by its nature, is an intentional and highly structured process. It seeks to aggregate information 

systematically from a broad array of individual case studies. This methodical compilation of data and evidence is 

directed towards tackling predefined research questions. The approach is designed to minimize bias and to provide a 

clear and comprehensive synthesis of current evidence. Such insights are valuable to practitioners, policymakers, and 

scholars who aim to understand the current landscape of AI and ALS in educational contexts and to discern patterns, 

challenges, and opportunities within this rapidly evolving field [30].   

We used the PRISMA-P (Preferred Reporting Items for Systematic Reviews and Meta-Analysis Protocols) method 

of systematic review proposed by Moher et al. [31] for identifying and analyzing reliable literature in our systematic 

review. As part of the PRISMA-P method, systematic reviews are conducted in a structured manner to facilitate the 

development of systematic review protocols through the use of a 17-item checklist. 

As part of our effort to cover as wide a variety of educational journals as possible, the following databases were 

searched: “Web of Science", an online library that provides access to leading academic publications, “IEEE Xplore”, an 

extensive collection of scientific journals, “Science Direct”, a significant repository of academic and professional 

articles and “Others”, various other small platforms. To find the necessary articles, a combination of five groups of 

keywords was used: (1) adaptive learning systems, (2) AI in education, (3) enhancing education with AI, (4) AI 

powered adaptive learning systems, and (5) machine learning for personalized education. 

 

 

 

 

 

 

 

Fig. 1. Venn diagram of search articles

“Adaptive Learning 

Systems” OR “AI in 

Education”  

“Enhancing 
education with AI” 

OR” AI powered 

learning systems” 
OR “Machine 

learning for 

personalized 
education” 
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By entering the search strings into the apps of the aforementioned databases, we were able to find documents with 

the search terms in their titles, abstracts, and keywords. The following standards were used in compliance of PRISMA 

guidelines to choose which articles to be included in the final revision: (a) articles exclusively related to artificial 

intelligence and ALS in education; (b) Research articles that present empirical and primary findings; (c) articles 

published in English; and (d) articles published between 2020 and 2023. 

Table 1. Inclusion and exclusion criteria 

Criteria For Inclusion Criteria For Exclusion 

 Articles exclusively related to 
artificial intelligence and ALS 

 Articles presenting primary 

research 

 Articles published in English 

 Articles published between 2020 
and 2023 

 

 Articles not related to artificial 
intelligence and ALS 

 Articles not presenting primary 
research 

 Articles not published in English 

 Articles published before 2020 

 

We conducted inductive and deductive analyses of the chosen publications, involving reading and rereading data to 

find analysis-relevant themes [32]. The technique involved two researchers who independently reviewed each paper, 

yielding an inter-rater reliability of 81% (Cohen's kappa coefficient). Differences were settled by conversation until 

consensus was attained. Frequency tables are used to display the themes. 

During the initial search, a total of 526 articles were identified. To ensure relevance, the titles of these articles were 

carefully scrutinized, resulting in a narrowed pool of 299 potentially relevant articles. Further refinement was carried 

out by removing 49 papers that were deemed similar based on their abstracts, leaving a total of 255 papers for the next 

stage of screening. The next step involved subjecting these 255 papers to a thorough screening process, where inclusion 

and exclusion criteria were applied. The application of these criteria resulted in the identification of 105 papers that met 

the specified requirements and were eligible for further evaluation. 

However, upon closer examination, it was discovered that 28 of these 105 papers were either loosely related or 

unrelated to the subject of the study. To ensure the integrity and validity of the research, a discussion was initiated 

among the researchers to address any disagreements regarding the inclusion or exclusion of these papers. Through a 

collaborative effort, a consensus was reached, and the unrelated papers were subsequently removed from consideration. 

After this rigorous screening process, a final set of 15 articles remained for in-depth analysis. These articles were 

selected based on their strong alignment with the research objectives, inclusion of relevant data, and overall quality. 

Now we had a focused and manageable set of articles to thoroughly analyze, extracting key insights and information to 

support their study as explained in Fig. 2. 

 

 
Fig. 2. PRISMA flow diagram of the systematic review process
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4.  Results 

This comprehensive review incorporates an analysis of 15 research studies that are geographically distributed 

across 11 different countries, demonstrating a broad international interest in the field of AI in education. The breakdown 

of the studies per country is as follows: China is represented with five studies, illustrating a significant contribution to 

the research body, while the remaining countries are represented by a single study each, namely Canada, Czech 

Republic, Ghana, Germany, Greece, India, Malaysia, Norway, Turkey, and the United States. 

The purpose behind this extensive literature review was to critically examine previous investigations and to 

evaluate the current status of artificial intelligence (AI) applications within the educational sector. By conducting this 

extensive review, insights into the advancements, challenges, and emerging trends in this dynamic field were sought. 

Through the selected papers, the evaluation gave rise to three pertinent research questions, which are subsequently 

addressed in the analysis. Such questions would typically explore the effectiveness of AI educational tools, the 

perception of AI among educators and students, the technical challenges involved, the impact on educational outcomes, 

and possible future directions of AI in enhancing learning experiences. 

The first research question is the following: How does the use of AI in adaptive learning systems contribute to 

personalized learning experiences for students? In answer to this query, the chosen articles were grouped in accordance 

with their educational focuses, and Table 2 provides a summary of the features of the included research. 

Table 2. Summarized details of selected studies  

Author(s) 

and Year 
Country Category AI Tools Ethics Results 

Newmann et 

al.,   

(2021)[33]. 

Germany 2 

Chatbots: Feedbot for 

self-study, 
Litbot: for mentoring 

students’ reading 

Not 
Followed 

Promising results that bear the potential 
for digital mentoring to support students. 

Yilmaz and 

Yilmaz  
(2020)[34] 

Turkey 2 LMS log data 
Not 

Followed 

Provided self-assessment 
and personalized learning, improved 

academic performance, and instilled a 

positive attitude toward the course 

 Sapci and 
Sapci 

(2020)[35] 

US 1 
Data analytics, data 

visualization and real-

time data analytics, 

N/A 
The paper proposes a framework for 

specialized AI training in medical and 

health informatics education. 

Wang and 
Christensen 

(2020)[36] 

China 2 Squirrel AI Learning 
Partially 

Followed 

The students who used Squirrel AI 
Learning independently outperformed 

those who were taught it traditionally. 

Hayward et 

al.. 
(2020)[37] 

Canada 1 Moodle platform N/A Moderate student engagement. 

Ashraf Alam 
(2022)[38] 

India 2 

Intelligent tutoring 

robots, Virtual 

Classrooms 

Partially 
Followed 

The use of artificial intelligence improves 

both the quality of instruction provided 
by teachers as well as student learning 

outcomes 

Malinka et al. 

(2023)[39]. 

Czech 

Republic 
2 ChatGPT N/A 

ChatGPT can be used to cheat, but also 
have potentially significant benefits to the 

educational system 

Ahmad et al. 
(2021)[40] 

Malaysia 1 AI N/A 

AI influences 

situational knowledge, teaching 
strategies, and both intrinsic and 

extrinsic motivation. 

Gerogianni et 

al. 
(2020) [41] 

Greece 2 

Simulation modeling 
Utilized machine 

learning as an 

assistive artifact 

Partially 

Followed 

The application of machine learning can 
complement modeling and simulation in a 

number of ways to facilitate effective 

learning 

 Baidoo-Anu 
and Ansah 

(2023)[42] 

Ghana 2 
The generative AI 

tools like ChatGPT 

Not 

Followed 

Highlights some inherent limitations and 
provide recommendations to maximize 

teaching and learning 

Ouyang and 
Jiao (2021) 

[43] 

China 1 
Artificial Intelligence 

paradigmatic 

approach 

N/A 
Present paradigm approach on  how 

artificial can be used to address 

educational issues 

Wang et al. 

(2020) [44] 
China 1 

Science vs others 

approach 
Followed 

AI techniques are more helpful for 

science learning than others 

Z. He and X. 

Niu (2021) 

[45] 

China 1 
Human computer 

learning symbiosis 
Followed Insight on use of AI in sports education 

Chen et al. 

(2021) [46] 
China 2 

Artificial intelligence 

based robots 

Partially 

Followed 

AI can have a game changing effect if 

used with caution 

Kabudi, 

Pappas, and 
Olsen (2021) 

[47] 

Norway 2 

Machine learning 

algorithms and 

student models 

Partially 
Followed 

An analytical mapping of AI-enabled 

adaptive learning research, revealing key 
themes as well as gaps to guide further 

investigation 

https://mededu.jmir.org/search?term=A%20Hasan%20Sapci&type=author&precise=true
https://papers.ssrn.com/sol3/cf_dev/AbsByAuth.cfm?per_id=5681117
https://papers.ssrn.com/sol3/cf_dev/AbsByAuth.cfm?per_id=5681956
https://ieeexplore.ieee.org/author/37089347711
https://ieeexplore.ieee.org/author/37089345240
https://ieeexplore.ieee.org/author/37089345240
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In order to categorize the selected articles and provide a comprehensive analysis, two distinct categories were 

established based on the emphasis of each publication. Articles that placed a greater emphasis on examining the 

effectiveness of adaptive learning systems were classified as Category 1. On the other hand, studies that focused more 

on exploring various AI techniques and algorithms to enhance personalized learning were categorized as Category 2. 

Out of the 15 articles that were selected for analysis, 6 of them, accounting for 40% of the total, fell under 

Category 1. These articles delved into investigating the effectiveness of adaptive learning systems and likely explored 

factors such as learner outcomes, engagement, and overall instructional impact. The researchers of these studies aimed 

to assess the extent to which adaptive learning systems positively influenced the learning experience and educational 

outcomes. 

Conversely, the remaining 9 articles, comprising 60% of the total, were categorized as Category 2 (Fig. 3). These 

publications were primarily concerned with exploring different AI techniques and algorithms that could be employed to 

enhance personalized learning. To be specific, these studies likely investigated various AI based approaches to create 

adaptive learning environments that catered to individual learners' needs and preferences. 

 

 

Fig. 3. Classification of selected articles 

Most Category 1 studies investigated effectiveness of adaptive learning system in various contexts and situations. 

For example, Sapci and Sapci [35], the review highlighted the growth of AI education in medical and health informatics 

programs to build valuable skills for students, but also identified opportunities to improve teaching methods and 

resources to enhance learning. Another systematic review conducted by Hayward et al. (2020) [37], the paper provides a 

useful framework for understanding different AI approaches in education and their opportunities and challenges. The 

paper categorizes AI applications in education into three main paradigms: (i).Intelligent tutoring systems (ITS) (ii). 

Intelligent learning environments (ILE) (iii). Educational data mining (EDM). Collaboration between AI experts, 

educators, and learning scientists is needed to develop effective and ethically-sound applications. 

Physical education is as crucial as the academic education because physical education provides diverse and 

significant benefits for students' physical, mental, social, and academic growth and development. It is an essential part 

of the educational experience. Our next authors  Z. He and X. Niu (2021) [45] explains the impact of AI in physical 

education. The paper makes a case for integrating AI into PE programs in schools to create a new paradigm for physical 

education that is adaptive, engaging, and data-driven. AI should complement rather than replace PE teachers, enhancing 

human instruction rather than automating it entirely. Thoughtful design and ethical principles are necessary to use AI 

appropriately in education. 

In our research, we identified many AI techniques and algorithms for specialized learning activities. In their 2021 

article, Newmann et al (2021) [33], demonstrates the potential of AI chatbots to mentor and motivate students in higher 

education by providing personalized, conversational support for critical self-management skills. Students reacted 

positively and found the chatbot useful, trusting, and motivating. The conversational approach was preferred over just 

searching content. Chatbots can allow more personalized support for students at scale, complementing other learning 

resources. More research is needed on design strategies. Challenges include managing conversations on complex topics, 

maintaining engagement, and ensuring student privacy. 

Omiros et al (2020), [41] presents an AI-enhanced framework to generate integrated, personalized learning 

pathways that adapt to each student's knowledge and interests. Initial results are promising. A prototype system called 

                               Adaptive Learning System 

 

                       

 

 

 

 

 

 

 

Different AI techniques and algorithms 

 

 Overview of various AI 

algorithms and techniques 

 Analysis of strength and 
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approaches 
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techniques 
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https://ieeexplore.ieee.org/author/37089347711
https://ieeexplore.ieee.org/author/37089345240
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TRAILS was developed and tested in a pilot study with 63 students over 5 months. Results indicated significant 

increases in competency development compared to a control group, demonstrating potential learning benefits. 

Challenges include accurately modeling complex competencies and student journeys, as well as scaling robust data 

infrastructure. 

Keeping in mind the above mentioned papers we have found an answer to first question i.e. How does the use of 

AI in adaptive learning systems contribute to personalized learning experiences for students?  AI personalization helps 

students feel recognized as individuals in the learning process, enabling them to have more focused and efficient 

learning experiences tailored to their specific backgrounds, objectives, strengths, and weaknesses. This has the potential 

to improve educational outcomes. Careful design considering ethics and student agency is crucial however. 

Our second research question involved determining the challenges and limitations associated with the integration 

of AI in ALS. Chen et al (2021) [46] highlights the key challenges involve high development costs, need for specialized 

personnel, and limitations in fully recreating real patients. More research is still needed on optimal instructional uses, 

measurable outcomes, and how to combine robot simulation training with real experiences. 

Wang et all (2020) [44] explains the challenges of artificial intelligence in adaptive learning systems. Challenges 

include limited teaching resources on AI, lack of teacher experience, and fitting new curriculum into packed schedules. 

Strategies include starting with short modular activities, leveraging online resources, providing teacher training, and 

focusing on real-world applications of AI skills. Assessment should evaluate skills application, not just knowledge, 

through students' AI projects and artifacts. With thoughtful implementation, AI literacy education can prepare students 

to participate responsibly in an AI-driven society. 

Baidoo-Anu and  Ansah (2023) [42] have some say on limitations and challenges. To maximize benefits, teachers 

should guide appropriate uses, set boundaries, detect AI-generated content, and focus on developing students' deeper 

skills. Generative AI is best used as a teaching aid, not a replacement. Curricula and activities should be re-designed 

around human-AI collaboration. Overall, generative models have excellent potential to enhance education but require 

careful oversight. Teachers, researchers, technologists, and policymakers must collaborate on ethical integration. 

Following a systematic review of all these papers, we have compiled a list of the challenges and limitations 

associated with the integration of AI into ALS research. Adaptive Learning Systems (ALS) present a number of 

challenges and limitations in the integration of artificial intelligence (AI): 

 

 Data Quality and Availability: To function effectively, artificial intelligence requires a large amount of high-

quality data in large volumes. In adaptive learning, obtaining accurate and comprehensive data about each 

learner's interactions and progress can be challenging. 

 Lack of Interoperability:  Integrating AI with existing educational technology systems can be complex due to 

interoperability issues, especially if the systems use different data formats or standards. 

 User Acceptance and Resistance:  Students and educators might be hesitant to embrace AI-driven adaptive 

learning due to concerns about job displacement, changes in teaching dynamics, or discomfort with technology. 

 Data Privacy and Security: AI-driven adaptive learning systems rely heavily on student data for personalization, 

which raises concerns about data privacy and security. 

 Bias and Fairness: If the training data used for the AI models is biased, it can lead to biased recommendations 

and personalized learning experiences, potentially disadvantaging certain groups of students. 

 Content Adaptation Complexity: Creating adaptive content that matches the learning needs of various students 

while maintaining educational quality requires careful planning and content expertise. 

 Limited Customization: Some AI models might struggle to adapt to highly specialized or niche subjects, 

limiting their effectiveness in certain educational domains. 

 Complexity of AI Models:* Designing, developing, and fine-tuning AI models for adaptive learning requires 

advanced technical skills and resources that might not be readily available in all educational settings. 

 Scalability: Ensuring that AI-driven adaptive learning solutions can scale to accommodate a large number of 

students while maintaining effectiveness can be a challenge. 

 Teacher Training: Educators need training to effectively integrate AI tools into their teaching practices, and 

this training can be time-consuming and resource-intensive. 

 

Our third question regarding the research was: What are the ethical considerations which arises during 

implementation of AI in adaptive learning systems? Wang and Christensen (2020) [36] highlights crucial ethical issues 

regarding implementation of AI based ALS. The study should be conducted ethically by respecting student privacy, 

agency, and welfare while responsibly leveraging data to advance learning. Ongoing oversight is needed. Ensuring 

students and parents were fully informed about the purpose of the study and use of the motivation data collected. 

Consent was likely obtained but not reported. 

Hayward et al. (2020) [37] has explained various ethical issues regarding artificial intelligence based adaptive 

learning systems. According to authors, key priorities are respecting participant autonomy, minimizing risks/harms, and 

ensuring robust, unbiased methodology to generate actionable knowledge that improves inclusive educational practices. 

Participation must be completely voluntary. Since it involves a course, extra care is needed to avoid coercion. 

Grades/standing cannot be tied to participating. 

https://papers.ssrn.com/sol3/cf_dev/AbsByAuth.cfm?per_id=5681117
https://papers.ssrn.com/sol3/cf_dev/AbsByAuth.cfm?per_id=5681956
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5.  Conclusion 

This systematic review synthesized research on the integration of artificial intelligence (AI) into adaptive learning 

systems to enhance personalized learning experiences. The findings indicate that AI holds significant promise for 

advancing key capabilities of adaptive systems, including customized content recommendation, intelligent tutoring, 

data-driven learner modeling, and dynamic learning path adaptation. In particular, machine learning, neural networks, 

and natural language processing techniques, and data mining are being applied to enable more granular analysis of 

learner needs and performance as well as more dynamic and individualized instructional experiences. However, the 

review also highlights important limitations and challenges involved in effectively implementing AI in adaptive 

learning contexts. Ethical issues regarding learner privacy, accountability, and autonomy require careful consideration. 

Overall, this review underscores the significant potential of AI to upgrade adaptive learning systems, but also gives 

reason for measured optimism. Purposeful integration of AI in education calls for collaborative efforts across 

disciplines paired with critical reflection on both capabilities and limitations. As adaptive technologies continue 

proliferating amidst increasingly vast amounts of learner data, developing ethical, effective, and accessible AI-enhanced 

personalized learning systems remains an important priority for improving education. Further interdisciplinary research 

on AI in education will help delineate responsible paths forward. 

6.  Limitation 

To ensure that the systematic review process was as efficient as possible, a number of efforts were made in order to 

do so; however, there were still many limitations. Some peer-reviewed academic literature databases may not be able to 

contain all studies, or some studies may be published in languages other than English in the peer-reviewed academic 

literature databases. Although this is a systematic review of the field, artificial intelligence is a relatively new technical 

discipline, especially when it comes to education. Consequently, only a limited number of articles were included in this 

review as a result of this limitation. Additionally, further research is needed to establish optimal AI algorithm design, 

validate learning outcomes, outline best practices for human-AI interaction, and investigate long-term impacts of 

prolonged AI exposure on learner development. While AI provides tools to enhance learning personalization, human 

oversight and pedagogical principles must remain central to the design process. 

7.  Future Direction 

It was generally found that there was no specific information provided in the selected publications about how 

different jobs require different skills and what curriculum needs to be followed. Educators need to adopt new learning 

methods in order to keep up with the emergence of intelligent systems in the classroom. It is very important that a 

student has a working understanding of how to assess biased data and evaluate innovative AI technologies through the 

use of AI applications and prediction modeling techniques. It is important for educators to become familiar with the 

implementation of appropriate machine learning algorithms and the development of innovative adaptive learning 

modules. It is also essential that they acquire the hands-on skills necessary to extract data, manage large datasets, and 

develop complex AI systems. To collaborate with data scientists, computer science students need to possess specialized 

skills. They should also become familiar with the programming languages Python, R, and SQL, as well as data analytics 

software. 
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