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Abstract 

This review delves into the transformative impact of integrating data analytics and artificial 

intelligence (AI) in education, ushering in adaptive, student-centric, and data-informed learning environments. 

Employing a systematic review, the study informs educators, policymakers, and stakeholders about the 

potentials, challenges, and ethical considerations associated with AI and data analytics in education. The results 

highlight diverse applications of AI tools, including sentiment analysis and predicting academic achievements, 

stressing the need for customized methods aligned with specific educational goals. Addressing challenges in 

education, such as complex visualization in Computer-Supported Collaborative Learning dashboards, is crucial 

for effective AI tool utilization, with practical implications emphasizing hands-on training in content creation 

and problem-solving for teacher education. The review concludes by summarizing key findings, emphasizing 

AI's potential to enhance teaching and learning, and highlighting the ongoing evolution of education through AI 

and data analytics integration, contributing valuable insights for future research in this rapidly evolving field. 
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1. Introduction 

In the landscape of modern education, the dynamic interplay between data analytics and artificial 

intelligence (AI) has been reshaping traditional educational approaches and underpinning a transformative 

shift in instructional methodologies. This review seeks to explore the ever-evolving relationship between data 

analytics, AI technologies, and their profound impact on the educational sector. 

The incorporation of advanced technologies has significantly altered the way education is 

administered, creating a paradigm shift from conventional teaching methodologies to a more adaptive, 

student-centric, and data-informed learning environment (Sosa et a., 2018). This review aims to elucidate the 

multidimensional integration of AI and data analytics in education, examining their influence on instructional 

practices, student engagement, and the trajectory of educational systems. 

Through an in-depth analysis of contemporary literature, this review endeavors to unravel the myriad 

roles AI and data analytics play in the modern educational landscape (Hwang et al., 2020). Specifically, it 
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aims to investigate their contributions to personalized learning, intelligent tutoring systems, and the 

overarching enhancement of pedagogical strategies. 

Moreover, the review seeks to offer educators, policymakers, and stakeholders in the education 

sector an in-depth understanding of the potentials, challenges, and ethical considerations associated with 

integrating AI and data analytics into educational settings. By delving into current research, this review aims 

to illuminate the pivotal role that these technologies play in advancing the future of education. 

The fusion of data analytics and artificial intelligence (AI) has become an instrumental force in 

revolutionizing the landscape of modern education. As emerging technologies continue to reshape various 

sectors, their influence within the educational domain is profoundly altering the traditional paradigms of 

teaching and learning (Ouyang et. al, 2023). The comprehensive review to be presented here aims to 

encapsulate the dynamic interplay between data analytics, AI, and their transformative impact on educational 

methodologies. 

Artificial Intelligence (AI) in education represents a significant evolution in the way learning is 

facilitated and personalized. AI technology is revolutionizing educational practices by offering adaptive and 

personalized learning experiences (Beck, et al., 1996). It provides opportunities to cater to individual student 

needs, optimize teaching methodologies, automate administrative tasks, and offer feedback for both educators 

and students. AI applications in education include intelligent tutoring systems, personalized learning 

platforms, and learning analytics to enhance the quality of education and support students in their learning 

journey. Its potential in revolutionizing education is immense, offering more interactive, customized, and 

efficient learning experiences for students and educators alike. 

Data analytics in education involves the collection, analysis, and interpretation of educational data to 

gain insights into student learning behaviors, teaching methodologies, and educational outcomes (Kwon, 

2013). It encompasses various techniques and tools to make sense of vast volumes of data generated within 

educational environments, such as learning management systems, student assessments, and classroom 

activities. This analysis aids in identifying patterns, trends, and indicators that can inform decision-making 

processes for educators, institutions, and policymakers. By employing data analytics, educators and 

institutions can improve teaching methods, personalize learning experiences, and better understand student 

performance, ultimately leading to more informed and effective educational practices (Nguyen et al., 2020). 

The study's focus is on summarizing recent research in AI and educational data analytics, identifying 

goals, data sources, tools, techniques, participants, and findings. The study aims to understand how these 

technologies impact education to support improved learning and teaching practices. The systematic review 

method is employed to explore literature and identify implications for the future of teaching. 
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2. Methodology 

2.1. Literature Search and Selection: 

• Identification of Research Papers: A thorough exploration and collection of recent research papers 

related to AI and educational data analytics were conducted. Various academic databases and 

platforms such as Google Scholar, ResearchGate, PubMed, IEEE Xplore, Scopus, ERIC, and others 

were utilized for the search. 

• Inclusion Criteria: Only papers that directly address the impact and implications of AI and data 

analytics on educational practices were included. Publications within the last 5 years were considered 

to ensure relevance. 

2.2. Data Extraction and Categorization: 

• Goal Identification: The research goals and objectives from the selected papers were systematically 

extracted to understand the intended outcomes and purposes of each study. 

• Tools and Techniques: Specific tools or techniques applied for AI and data analytics used in an 

educational context. 

• Research Results/Findings: Results of the study and implications. 

2.3. Analysis and Synthesis: 

• Understanding the Impact: Careful analysis of the findings of each study to identify the observed or 

projected impacts of AI and data analytics on educational practices and outcomes. 

• Implications for Teaching and Learning: A synthesis of the individual findings to understand the 

broader implications and potential effects on future teaching methodologies and learning practices in 

educational settings. 

2.4. Quality Assessment and Reporting: 

• Assessing Research Quality: An evaluation process to ensure the quality and relevance of the 

selected papers for a comprehensive review. 

• Structured Documentation: The findings from the selected studies are documented and structured to 

facilitate a clear and coherent presentation in the systematic review. 

2.5. Identification of Future Implications: 

• Potential Future Trends: Drawing insights from the collective findings to suggest potential future 

trends and the direction for future research in AI and educational data analytics in the educational 

landscape. 
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                        Fig. 1. Identification of reviewed studies 
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3. Results and Discussions 

Table 1. Summary of the Studies Reviewed 

Study Objectives AI Tools  Data Analytics Results 
Almeqren, M. A., 

Almegren, M., 

Alhayan, F., 

Cristea, A. I., & 

Pennington, D. R.  

(2023) – Saudi 

Arabia 

Develop deep 

learning model for 

Arabic Sentiment 

Analysis during 

COVID-19 

• NLP, Deep 

Learning (Bi-

GRU) 

Regression High accuracy (88%) in 

predicting anxiety levels. 

77% of tweets showed no 

anxiety, 17% mild, 6% 

high anxiety. 

Li, Yanyan & 

Zhang, Muhua & 

Su, You & Bao, 

Haogang & Xing, 

Shuang.  

(2022) - China 

Understand teacher 

behavior in 

interpreting CSCL 

dashboards 

• Machine 

Learning, 

Predictive 

Analytics 

Descriptive 

Statistics, 

Regression 

Varied strategies by 

teachers; challenges in 

complex visualization and 

limited functions. 

Yang, C. C. Y., 

Chen, I. Y. L., & 

Ogata, H.  

(2021) - Japan 

Identify student 

subgroups using an 

ebook system and 

study their learning 

outcomes 

• Machine 

Learning 

• Hierarchical 

Clustering, 

Kruskal–Wallis, 

Mann–Whitney U 

Identified subgroups; 

Comprehensive Learning 

Group showed significantly 

better outcomes. 

Hsu, T.-C., 

Abelson, H., Lao, 

N., Tseng, Y.-H., & 

Lin, Y.-T.  

(2021) - Taiwan 

Develop AI 

instructional tool 

for young students 

• Machine 

Learning 

(Sequential 

behavior 

analysis) 

• Regression Emphasized course design 

effectiveness; hands-on 

activities improved 

learning outcomes. 

Benaoui, Ahmed & 

Abdellah, Kassimi.  

(2021) - Morocco 

Investigate teacher-

trainees' digital 

competence 

perceptions 

• AI Machine 

Learning 

Descriptive Statistics, 

Pattern Recognition, 

Clustering 

Pre-service teachers 

confident in daily tech use; 

lacked confidence in 

content creation and 

problem-solving. 

Bao, H., Li, Y., Su, 

Y., Xing, S., Chen, 

N. S., & Rosé, C. 

P.  

(2021) - China 

Evaluate 

effectiveness of 

CSCL support 

system for teachers 

• Knowledge–

Behavior–

Social 

Dashboard 

(KBSD) 

• Cohen’s Kappa, 

Mann–Whitney U 

KBSD increased 

interventions; facilitated 

identification of learning 

problems within groups. 

Kelleci, Ö., & 

Aksoy, N. C.  

(2021) - Turkey 

Examine 

SimInClass, a 

game-based virtual 

classroom 

simulator 

Game-based 

virtual 

classroom 

simulator 

(SimInClass) 

• Structural Equation 

Modeling 

Successful in offering 

guidance and feedback; 

recommendations for 

providing solution hints. 

Yoo, Jin & Rho, 

Minjeong.  

(2020) - Korea 

Identify predictors 

of teacher job 

satisfaction 

• AI Machine 

Learning 

• Descriptive Statistics, 

Regression 

Discovered 18 predictors 

linked to professional 

development; novel factors 

associated with 
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pedagogical preparedness. 

Cruz Jesus, 

Frederico & 

Castelli, Mauro & 

Oliveira, Tiago & 

Mendes, Ricardo & 

Nunes, Catarina & 

Sa-Velho, Mafalda 

& Rosa-Louro, 

Ana.  

(2020) - Portugal 

Predict academic 

achievement using 

AI techniques 

Random 

Forest (RF), 

Artificial 

Neural 

Networks 

(ANN) 

• Data Mining, 

Logistic Regression 

AI techniques 

outperformed traditional 

methods; key variables 

influencing outcomes 

identified. 

Hayward, Denyse 

& Mousavi, Amin 

& Carbonaro, 

Michael & 

Montgomery, 

Amanda & Dunn, 

William.  

(2020) - Canada 

Provide preservice 

teachers with live 

modeling of UDL 

and BL concepts 

• Machine 

Learning 

Descriptive 

Statistics, 

Regression, 

Correlation 

Intentional design and live 

modeling enhanced student 

engagement and 

achievement. 

Jensen, E., Dale, 

M., Donnelly, P.J., 

Stone, C., Kelly, S., 

Godley, A., & 

D’Mello, S.K.  

(2020) - USA 

Provide detailed 

and actionable 

automated 

feedback for 

teachers 

Random 

Forest (RF), 

AI Machine 

Learning 

• Regression, 

Correlation, Mean 

Absolute Error 

(MAE) 

RF classifier demonstrated 

89% accuracy in assessing 

teacher-student 

interactions. 

Kilian, Pascal & 

Loose, Frank & 

Kelava, Augustin.  

(2020) - Germany 

Determine 

distinctions in 

prerequisites and 

non-completion 

behavior among 

student groups 

• SVM, LR, 

Tree-based 

methods 

• T-test, Chi-squared 

test, Cohen’s Kappa 

Identified risk groups early 

based on accessible 

variables. 

Ishizuka, Hiroki & 

Pellerin, Martine.  

(2020) - Japan 

Explore combining 

AI Mobile COLT 

with an ePortfolio 

platform for pre-

service teachers 

• AI Mobile 

COLT 

Descriptive 

Statistics, 

Graphical 

comparison 

AI Mobile COLT holds 

promise for monitoring 

pre-service teachers' 

progress during practicum. 

Çevik, Mustafa & 

Yağcı, Ali.  

(2019) - Malaysia 

Predict academic 

achievements of 

vocational and 

technical high 

school students 

using ANN 

• Artificial 

Neural 

Networks 

(ANN) 

• Chi-square test, 

Reliability test, 

Data Mining, 

Confusion Matrix, 

Accuracy Classifier 

ANN demonstrated high 

accuracy (96% to 99.1%) 

in predicting success, 

better in predicting failure, 

identifying at-risk students. 

Sasmoko, Moniaga, 

J., Indrianti, Y., 

Udjaja, Y. & 

Natasha, C.  

(2019) - Indonesia 

Determine teacher 

engagement using 

ITEI through ANN 

• Artificial 

Neural 

Networks 

(ANN) 

• Confusion Matrix, 

Data Mining, 

Accuracy Classifier 

ANN classification 

accuracy was 97.65%, 

indicating reliability. 

Additional testing needed 

for diverse data. 
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Numerous studies in education have extensively employed AI tools, with Machine Learning featuring in 11 

studies, Artificial Neural Networks (ANN) in 4, and Deep Learning in 2.  

Additionally, commonly used data analytics techniques include Descriptive Statistics (in 10 studies), 

Regression (in 10 studies), and Data Mining (in 6 studies).  

These studies showcase the diverse applications of AI tools, spanning tasks from sentiment analysis to 

predicting academic achievements, underscoring the versatility of AI.  

The selection of AI tools varies across studies, incorporating NLP, Deep Learning, and Machine Learning, 

as well as specific tools like KBSD, SimInClass, and AI Mobile COLT.  

Analytical techniques range from traditional statistical methods like regression to advanced approaches 

such as structural equation modeling and hierarchical clustering, with researchers advised to align methods 

with research questions and data characteristics.  

Performance outcomes vary, emphasizing the need for tailored approaches aligned with specific 

educational goals. Challenges identified in education include complex visualization and limited functionality 

in CSCL dashboards, necessitating solutions to fully leverage the potential of AI tools.  

Practical implications stress the importance of practical training in content creation and problem-solving, 

calling for a balanced approach in teacher education. The use of AI tools, particularly in predicting academic 

achievements, empowers educators with valuable insights for informed decision-making and targeted 

interventions. Certain tools, like AI Mobile COLT and SimInClass, exhibit promise for monitoring pre-

service teachers' progress and offering guidance, suggesting potential enhancements in teacher training 

programs. The high predictive accuracy demonstrated by ANN in forecasting academic success and failure 

underscores AI's potential in early identification of at-risk students, necessitating reliability and further 

testing, as highlighted by studies like Sasmoko et al. (2019), to ensure robustness across diverse data 

scenarios in various educational contexts. 

 

4. Conclusion 

The overview highlights the prevalence of AI tools, such as machine learning, artificial neural networks 

(ANN), and deep learning, in educational studies. Commonly used data analytics techniques include 

descriptive statistics, regression, and data mining. The studies demonstrate diverse applications of AI tools in 

education, emphasizing their versatility. Different studies employ a variety of AI tools and analytical 

techniques based on specific objectives and educational contexts. Performance outcomes vary, indicating the 

need for tailored approaches aligned with distinct educational goals. Challenges, including complex 

visualization and limitations in CSCL dashboards, are identified, emphasizing the importance of addressing 

these issues. Practical implications stress the need for balanced theoretical knowledge and hands-on 

experience in teacher education. AI tools offer potential for informed decision-making, monitoring, and early 

identification of at-risk students. Reliability and further testing are crucial for ensuring the robustness of AI 

tools in diverse educational contexts. Overall, the integration of AI in education holds significant potential to 

enhance teaching and learning, considering the diverse applications, tools, and outcomes discussed in the 

studies. 
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