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Abstrak 

Pesatnya pertumbuhan teknologi digital dalam dunia pendidikan telah 

menghasilkan data dalam jumlah besar, yang menawarkan peluang baru 

untuk meningkatkan proses belajar mengajar. Penelitian ini bertujuan 

untuk meninjau secara sistematis dampak analisis big data (analisis data 

besar) terhadap strategi pengajaran dan pengalaman belajar dalam 

konteks pendidikan. Dengan menggunakan pendekatan systematic 

literature review (tinjauan pustaka sistematis), artikel-artikel relevan 

yang diterbitkan di jurnal internasional bereputasi selama satu dekade 

terakhir diidentifikasi, disaring, dan dianalisis berdasarkan kriteria 

inklusi dan eksklusi yang telah ditentukan sebelumnya. Temuan 

penelitian ini menunjukkan bahwa analisis big data memainkan peran 

penting dalam mentransformasi strategi pengajaran dengan 

memungkinkan: Pengambilan keputusan berbasis data, 

Pembelajaran yang dipersonalisasi (personalized instruction), dan 

lingkungan pembelajaran yang adaptif. Para pendidik saat ini 

semakin banyak memanfaatkan analisis pembelajaran (learning 

analytics) untuk memantau kinerja siswa, mengidentifikasi pola 

belajar, serta memberikan intervensi yang tepat waktu. Selain itu, 

integrasi analisis big data meningkatkan pengalaman belajar dengan 

mendorong keterlibatan siswa, meningkatkan hasil belajar, serta 

mendukung lingkungan belajar yang fleksibel dan interaktif. Namun, 

penelitian ini juga menyoroti beberapa tantangan nyata, antara lain 

kekhawatiran terkait privasi data, kurangnya keahlian teknis di 

kalangan pendidik, dan keterbatasan infrastruktur di lingkungan 

pendidikan tertentu. Tantangan-tantangan tersebut menunjukkan 

perlunya kebijakan yang komprehensif dan inisiatif peningkatan 

kapasitas untuk memastikan implementasi yang efektif. 

Kesimpulannya, analisis big data memiliki potensi besar untuk 

merombak praktik pendidikan, meskipun keberhasilan adopsinya 

memerlukan pertimbangan matang terhadap faktor etika, teknis, dan 

institusional. Penelitian ini berkontribusi pada literatur yang ada dengan 

memberikan gambaran komprehensif tentang tren, peluang, dan 

tantangan saat ini dalam pemanfaatan analisis big data di dunia 

pendidikan. 
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Kata Kunci: Analisis Big Data, Tinjauan Sistematis, Strategi 

Pengajaran, Pengalaman Belajar. 

Abstract 

The rapid growth of digital technologies in education has generated 

vast amounts of data, offering new opportunities to enhance teaching 

and learning processes. This study aims to systematically review the 

impact of big data analytics on teaching strategies and learning 

experiences in educational contexts. Using a systematic literature 

review approach, relevant articles published in reputable international 

journals over the past decade were identified, screened, and analyzed 

based on predefined inclusion and exclusion criteria. The findings 

reveal that big data analytics plays a significant role in transforming 

teaching strategies by enabling data-driven decision-making, 

personalized instruction, and adaptive learning environments. 

Educators are increasingly utilizing learning analytics to monitor 

student performance, identify learning patterns, and provide timely 

interventions. Furthermore, the integration of big data analytics 

enhances learning experiences by promoting student engagement, 

improving learning outcomes, and supporting flexible and interactive 

learning environments. However, the study also highlights several 

challenges, including data privacy concerns, lack of technical expertise 

among educators, and limited infrastructure in certain educational 

settings. These challenges indicate the need for comprehensive policies 

and capacity-building initiatives to ensure effective implementation. In 

conclusion, big data analytics has substantial potential to reshape 

educational practices, although its successful adoption requires careful 

consideration of ethical, technical, and institutional factors. This study 

contributes to the existing literature by providing a comprehensive 

overview of current trends, opportunities, and challenges in the use of 

big data analytics in education. 

Keywords: Big Data Analytics, Systematic Review, Teaching Strategies, 

Learning Experiences 

 

INTRODUCTION 

Over the past decade, the global education sector has undergone an 

unprecedented digital transformation driven by the massive adoption of Learning 

Management Systems (LMS), Massive Open Online Courses (MOOCs), and 

artificial intelligence technologies. This phenomenon has accelerated the 

exponential growth of educational data characterized by high volume, variety, and 

velocity, collectively referred to as Big Data (Ang et al., 2020; Okoye et al., 2025; 

Palanci et al., 2024). Big Data Analytics (BDA) is no longer perceived merely as a 

supplementary technical instrument; rather, it has evolved into a new paradigm that 

promises to revolutionize evidence-based decision-making processes within 
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academic institutions (Gaftandzhieva et al., 2023). From a theoretical perspective, 

BDA offers remarkable potential to enhance operational efficiency, predict student 

success, and deliver highly personalized learning interventions with greater 

precision (Handayani et al., 2025; Mukminah & Mahmudah, 2023) . 

Despite this technological optimism, a critical discourse has emerged, 

highlighting a fundamental gap between algorithmic capabilities and their practical 

pedagogical implementation (Sajja et al., 2025). Much of the existing literature 

remains predominantly technocratic in orientation, focusing extensively on issues 

such as dropout prediction optimization and raw data processing efficiency, while 

frequently neglecting how analytical outcomes concretely transform teaching 

strategies within classroom practices (Kuş, 2025). Consequently, there is an urgent 

need to critically examine whether BDA genuinely enriches students’ learning 

experiences from both cognitive and emotional perspectives, or whether it merely 

functions as a mechanistic tool of digital surveillance (Sajja et al., 2025). 

Furthermore, empirical findings concerning the impact of BDA remain highly 

fragmented, with individual studies often producing contradictory conclusions in 

the absence of a comprehensive synthesis capable of connecting technological 

variables with holistic learning outcomes. 

This Systematic Literature Review (SLR) seeks to address this gap by 

providing a critical and comprehensive evaluation of the actual impact of BDA in 

education over the last five years. Unlike previous reviews that primarily 

emphasized system efficiency and technical performance, this study specifically 

maps the relationship between data-driven interventions and the evolution of 

teaching methodologies as well as the quality of student engagement. Employing 

the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-

Analyses) protocol, this article not only synthesizes the achievements and 

advancements of BDA implementation but also identifies systemic barriers, ethical 

concerns, and the risks associated with “data-blind pedagogy.” The primary 

contribution of this study lies in the development of a novel theoretical framework 

integrating data intelligence with human-centered learning principles, thereby 
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offering crucial guidance for researchers and educational practitioners in this era of 

intelligent transformation. 

Based on the literature gaps identified above, this systematic review is 

guided by four major research objectives. First, this study examines the 

developmental trends and distribution patterns of research on Big Data Analytics 

(BDA) in education during the 2020–2025 period. Second, it investigates the extent 

to which BDA implementation has transformed teaching strategies across different 

educational levels and instructional contexts. Third, the review evaluates the 

concrete impact of BDA on students’ learning experiences, particularly from both 

cognitive and emotional dimensions. Finally, this study identifies the systemic 

barriers, ethical challenges, and technical risks that potentially hinder the effective 

integration of BDA into pedagogical practices. Through these interconnected 

objectives, the present review seeks to provide a more holistic understanding of 

how data-driven educational ecosystems can be aligned with human-centered 

learning principles in the era of intelligent education. 

METHODS   

This study employed the PRISMA 2020 (Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses) protocol to ensure methodological 

transparency, rigor, and reproducibility throughout the systematic review process 

(Page et al., 2021; Tepgeç & Ifenthaler, 2022)(Tepgeç & Ifenthaler, 2022). The 

review process consisted of four major stages: identification, screening, eligibility 

assessment, and inclusion (Foster & Francis, 2020). 

A systematic literature search was conducted across four major 

bibliographic databases, namely Scopus, Web of Science (WoS), IEEE Xplore, and 

ERIC. The search strategy utilized Boolean operators (AND/OR) with the 

following keywords: ("Big Data Analytics" OR "Learning Analytics" OR 

"Educational Data Mining") AND ("Education" OR "Higher Education") AND 

("Teaching Strategies" OR "Pedagogy" OR "Instructional Design") AND 

("Learning Experience" OR "Student Engagement"). The search was restricted to 

peer-reviewed journal articles published in English between January 2020 and May 
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2026 to capture recent developments in educational analytics and data-driven 

pedagogy. 

The initial search identified 1,276 records from the selected databases, 

consisting of 512 records from Scopus, 402 from Web of Science, 238 from IEEE 

Xplore, and 124 from ERIC. Subsequently, 356 duplicate records were removed 

using reference management software, resulting in 920 unique articles for the 

screening stage. During title and abstract screening, 709 records were excluded 

because they were not relevant to the objectives of the review. A total of 211 reports 

were then sought for retrieval, although 18 articles could not be accessed. 

Following the retrieval stage, 193 full-text articles were assessed for 

eligibility based on predefined inclusion and exclusion criteria. The inclusion 

criteria focused on empirical studies examining the implementation of Big Data 

Analytics (BDA), Learning Analytics, or Educational Data Mining within 

educational settings, particularly studies addressing teaching strategies, student 

engagement, learning experiences, or pedagogical outcomes. Both qualitative, 

quantitative, and mixed-methods studies were included. Conversely, review papers, 

book chapters, non-peer-reviewed conference proceedings, and studies discussing 

purely technical algorithmic aspects without educational implications were 

excluded. 

During the eligibility assessment, 170 articles were excluded for several 

reasons. Specifically, 62 studies lacked a direct focus on Big Data Analytics or 

Learning Analytics, 45 studies did not address relevant outcomes related to teaching 

strategies or learning experiences, 32 studies were non-empirical in nature, 21 

studies focused exclusively on technical algorithmic development without 

pedagogical implications, and 10 studies were excluded for other contextual reasons 

unrelated to educational applications. Ultimately, 23 studies satisfied all inclusion 

criteria and were included in the final qualitative synthesis. 

To ensure methodological quality, all included studies were critically 

appraised using the Mixed Methods Appraisal Tool (MMAT). Furthermore, data 

extraction was conducted using a standardized extraction form covering authorship, 
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publication year, educational context, analytical methods employed, pedagogical 

impacts, student learning outcomes, and identified challenges. The extracted 

findings were then synthesized through thematic analysis to identify recurring 

patterns, critical issues, and emerging trends related to the integration of Big Data 

Analytics in education. 

 

Figure 1 illustrate the flow diagram of study selection process. 

Figure 1 illustrates the PRISMA 2020 flow diagram employed in the study 

selection process for this systematic literature review. The initial database search 

across Scopus, Web of Science, IEEE Xplore, and ERIC identified a total of 1,276 

records. After removing 356 duplicate articles, 920 records remained for title and 

abstract screening. During this stage, 709 articles were excluded due to irrelevance 

to the research objectives. Subsequently, 211 reports were sought for retrieval, of 

which 18 could not be accessed. A total of 193 full-text articles were then assessed 

for eligibility based on the predefined inclusion and exclusion criteria. Following 

the eligibility assessment, 170 studies were excluded for several reasons, including 

lack of focus on Big Data Analytics or Learning Analytics, absence of pedagogical 
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outcomes, non-empirical research designs, and purely technical discussions without 

educational implications. Ultimately, 23 studies satisfied all eligibility criteria and 

were included in the final qualitative synthesis of this systematic review. 

DISCUSSION 

The findings of this systematic review reveal that Big Data Analytics (BDA) in 

education has evolved far beyond its initial administrative and managerial 

functions. Rather than merely serving as a mechanism for institutional reporting or 

performance monitoring, BDA increasingly functions as a transformative 

pedagogical infrastructure capable of reshaping instructional practices, student 

engagement patterns, and educational decision-making processes. Nevertheless, the 

literature also demonstrates that the pedagogical value of BDA remains deeply 

contested, particularly regarding its ethical implications, interpretive limitations, 

and long-term impact on human-centered learning. 

Transformation of Teaching Strategies: From Intuition-Driven to Data-

Informed Pedagogy 

The reviewed studies consistently indicate that BDA has fundamentally 

altered how educators design, implement, and evaluate teaching strategies. 

Traditional pedagogical decision-making, which historically relied heavily on 

teacher intuition, professional experience, and generalized classroom observations, 

is progressively being supplemented, and in some contexts replaced by data-

informed instructional models. This transition reflects a broader epistemological 

shift in education, where learning processes are increasingly quantified, monitored, 

and predicted through algorithmic systems. 

The literature demonstrates that learning analytics dashboards, predictive 

models, and real-time monitoring systems enable educators to identify at-risk 

students earlier and implement targeted interventions more efficiently. The findings 

align with a report thatargued that Machine learning algorithms, particularly 

decision trees, effectively monitor student performance and identify those at risk of 

unsatisfactory results, aiding instructors in preparing preventive measures (Khan et 
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al., 2021). Similarly, a study reported that multimodal analytics systems improved 

teachers’ responsiveness and decision-making effectiveness in K–12 settings by 

providing immediate behavioral and academic indicators (Possaghi et al., 

2025)(Possaghi et al., 2025). 

However, the review also reveals a critical contradiction within this 

transformation. While BDA improves instructional responsiveness, many studies 

fail to demonstrate whether such responsiveness necessarily translates into deeper 

pedagogical quality. In several cases, teaching strategies became excessively 

performance-oriented, emphasizing measurable engagement metrics rather than 

meaningful intellectual development. This suggests that the increasing reliance on 

predictive analytics may unintentionally encourage a reductionist conception of 

learning, where educational success is narrowly defined through quantifiable 

indicators such as attendance, clickstream behavior, or assignment completion 

rates. 

Furthermore, the literature highlights a growing dependency on algorithmic 

recommendations in instructional planning. Although such systems enhance 

efficiency, they may simultaneously diminish pedagogical autonomy by 

positioning teachers as executors of machine-generated insights rather than 

reflective educational practitioners. Consequently, BDA should not be interpreted 

merely as a neutral technological enhancement; instead, it represents a restructuring 

of pedagogical authority itself. 

Personalization of Learning Experiences and Student Engagement 

One of the most prominent findings across the reviewed literature concerns 

the role of BDA in facilitating personalized learning environments. Numerous 

studies reported that adaptive learning systems, automated feedback mechanisms, 

and individualized recommendation engines positively influenced student 

engagement, motivation, and academic achievement. These findings support Ustun, 

who demonstrated that Learning analytics-based interventions significantly 

improve academic achievement and self-regulated learning skills in flipped 

classrooms (Ustun et al., 2023). 
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Critically, the effectiveness of personalized learning appears to stem not 

from the volume of collected data itself, but from the pedagogical translation of 

data into meaningful student-facing interventions. In this context, BDA becomes 

valuable only when analytical outputs are transformed into actionable instructional 

support capable of addressing students’ diverse cognitive and emotional needs. 

Nevertheless, the review identifies significant tensions surrounding the 

notion of personalization. While many studies portray personalization as inherently 

beneficial, only a limited number critically examine its psychological and social 

consequences. Excessive personalization may inadvertently reduce opportunities 

for collaborative learning, intellectual uncertainty, and exploratory thinking, 

elements that are essential for holistic educational development. Moreover, 

algorithmic personalization systems frequently operate through behavioral 

profiling, raising concerns regarding student autonomy and the potential 

reinforcement of learning stereotypes. 

Another important finding concerns the emotional dimension of learning 

analytics adoption. Studies such as Tepgeç and Ifenthaler emphasize that students’ 

perceptions of analytics systems significantly influence their effectiveness (Tepgeç 

& Ifenthaler, 2022). Students who perceived analytics tools as supportive and 

empowering demonstrated higher engagement levels, whereas those who viewed 

such systems as mechanisms of surveillance often experienced anxiety, distrust, or 

reduced motivation. This finding challenges the dominant techno-optimistic 

narrative surrounding BDA by demonstrating that technological sophistication 

alone cannot guarantee positive learning experiences. Emotional acceptance and 

perceived fairness are equally critical components of successful implementation. 

 

Ethical Challenges and the Emergence of “Data-Blind Pedagogy” 

Despite the substantial benefits associated with BDA integration, the review 

reveals persistent ethical, epistemological, and institutional challenges that remain 

insufficiently addressed in the current literature. One of the most concerning issues 

is the emergence of what may be conceptualized as “data-blind pedagogy”—a 
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condition in which educational decisions become excessively dependent on 

statistical correlations while neglecting contextual, cultural, and human dimensions 

of learning. 

As warned by Sajja et al., the increasing integration of AI-driven analytics 

into educational environments risks transforming pedagogical practices into 

mechanistic processes dominated by algorithmic logic (Sajja et al., 2025). In such 

environments, students may gradually be reduced to predictive data profiles rather 

than recognized as complex individuals with dynamic social and emotional 

realities. This issue becomes particularly problematic when predictive systems are 

used to categorize “high-risk” students, potentially reinforcing biases, 

stigmatization, and self-fulfilling academic prophecies. 

The review further identifies data privacy and governance as major systemic 

concerns. Although many institutions have adopted analytics platforms to improve 

educational outcomes, relatively few studies provide transparent discussions 

regarding data ownership, informed consent, algorithmic accountability, and long-

term data security. This lack of transparency creates asymmetrical power relations 

between institutions and learners, where students often remain unaware of how their 

educational data are collected, interpreted, and utilized. 

In addition, several studies reported that educators frequently experience 

difficulties interpreting complex analytical outputs, particularly in institutions 

lacking sufficient data literacy training. This finding suggests that the effectiveness 

of BDA is constrained not only by technological limitations but also by human 

interpretive capacity. Without adequate pedagogical and analytical competencies, 

educators may either misinterpret data or become overly reliant on automated 

recommendations, thereby weakening critical educational judgment. 

Therefore, the future success of BDA integration depends not solely on technical 

innovation, but equally on the development of ethical governance frameworks, 

institutional transparency, and robust data literacy among educators. 

Theoretical Implications and Future Research Directions 
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From a theoretical perspective, this review contributes to the ongoing 

reconceptualization of educational theory in the digital era by integrating analytical 

intelligence into conventional learning paradigms. The findings suggest that BDA 

should no longer be understood merely as an auxiliary technological tool, but rather 

as an influential epistemic actor capable of shaping pedagogical logic, instructional 

priorities, and student identities. 

Practically, the findings imply that educational institutions must move 

beyond infrastructure-centered investment strategies. While technological 

infrastructure remains important, equal emphasis should be placed on pedagogical 

training, ethical literacy, and interdisciplinary collaboration between educators, 

data scientists, and policymakers. Institutions that focus exclusively on 

technological adoption without strengthening pedagogical readiness risk creating 

technologically advanced yet educationally impoverished learning environments. 

Future research should therefore investigate the long-term psychological 

and social implications of continuous educational data monitoring, particularly 

concerning student well-being, autonomy, and digital identity formation. 

Additionally, the rapid emergence of generative AI technologies introduces new 

complexities into educational analytics ecosystems. Future studies must critically 

examine how generative AI will reshape learning analytics, teacher authority, 

academic integrity, and the broader relationship between human cognition and 

machine-assisted learning. 

Overall, the findings of this review demonstrate that the true challenge of BDA 

integration in education is not technological feasibility, but rather the ability to 

balance analytical intelligence with human-centered pedagogical values. 

CONCLUSION  

This research provides a comprehensive understanding of the 

transformative role of Big Data Analytics (BDA) within modern educational 

ecosystems. The findings indicate that BDA has evolved from a merely 

administrative monitoring tool into a central driver of evidence-based pedagogy. 
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The synthesis of recent studies (2020–2025) demonstrates that BDA contributes 

significantly to more adaptive teaching strategies, personalized feedback, and 

improved student learning experiences, particularly in terms of academic 

achievement and self-regulated learning. 

Nevertheless, the review also reveals critical challenges associated with the 

growing dependence on data-driven technologies in education. The effectiveness of 

BDA remains highly dependent on educators’ interpretive capabilities, ethical 

governance, and institutional readiness. Issues related to data privacy, algorithmic 

transparency, and increased teacher workload continue to hinder the sustainable 

implementation of BDA in pedagogical practice. Therefore, the future success of 

BDA should not be measured solely by technological sophistication, but by its 

ability to support human-centered and ethically responsible learning environments. 

Practically, educational policymakers and institutions should prioritize 

continuous data literacy training for educators, establish transparent ethical 

frameworks for educational data governance, and promote the development of more 

intuitive and pedagogically aligned analytics dashboards. Future research should 

further investigate the long-term psychological and non-cognitive impacts of BDA 

through longitudinal approaches, while also exploring the emerging integration 

between Generative AI and educational analytics to support more inclusive, 

adaptive, and ethical smart learning environments. 
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