
 
Journal Neosantara Hybrid Learning 

Vol. 4 No. 1. February 2026, pp. 13-23  DOI. 10.70177/jnhl.v4i1.2232 

 

  
 

                                                           Page| 13  
 

OPEN ACCESS 

Research Article 

HARNESSING PREDICTIVE ANALYTICS TO PERSONALIZE HYBRID LEARNING 

TRAJECTORIES IN UNDERREPRESENTED COMMUNITIES 

 

Andrei Romanov1, Maria Alexandrovna2, and Sergey Kuznetsov3 
1 KIMEP University, Kazakhstan 
2Pavlodar State University, Kazakhstan 
3Satbayev University, Kazakhstan 
 

Corresponding Author:  

Andrei Romanov,  
Department of Electrical Engineering Vocational Education, Faculty of Teacher Training and Education, Kabul University. 

No. 13, Street No. 2, Lane No 1, Opposite of Shams London School, Kart-e Char, District 3, Kabul City, Afghanistan 

Email: andreiromanov@gmail.com 

 

Article Info 
Received: August 10, 2025 

Revised: November 13, 2025 

Accepted: January 18, 2026 

Online Version: February 28, 

2026 
 

Abstract 
Educational inequality continues to affect underrepresented communities, 

particularly in the context of hybrid learning environments that often fail to 

account for students’ diverse socio-economic, cognitive, and technological 

backgrounds. Traditional instructional models rarely provide the necessary 

flexibility or responsiveness to address learning disparities at scale. This study 

explores the use of predictive analytics as a tool to personalize hybrid learning 

trajectories for students in underrepresented communities, aiming to enhance 

engagement, performance, and retention. The research employed a mixed-

methods approach, combining machine learning-based predictive models with 

qualitative interviews and real-time learning analytics. Conducted across four 

public schools serving marginalized populations, the study analyzed data from 

over 300 students to identify risk factors and generate personalized 

intervention strategies. Results showed that predictive models accurately 

forecasted student disengagement and academic decline with 85% accuracy, 

allowing educators to implement timely, targeted instructional responses. 

Teachers reported improved decision-making and reduced dropout intentions 

among at-risk students. The study concludes that integrating predictive 

analytics into hybrid instruction offers a scalable pathway to equity-oriented 

education, enabling data-driven personalization that supports learners 

historically excluded from mainstream academic success. 
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INTRODUCTION 

Equity in education remains a persistent global challenge, particularly for students from 

underrepresented communities who face systemic barriers to access, participation, and 

achievement. These students often navigate complex socio-economic, linguistic, and cultural 

realities that standard educational models fail to address. The recent expansion of hybrid 

learning modalities blending digital and face-to-face instruction has amplified these disparities, 

as technological infrastructure and individualized support remain unequally distributed across 

schools and regions. 

Hybrid learning offers the promise of flexibility, autonomy, and expanded access to 

educational resources. However, without tailored support mechanisms, it can also widen 

existing learning gaps. Underrepresented learners frequently encounter fragmented 

instructional delivery, reduced interpersonal support, and a lack of culturally responsive 

content. In the absence of real-time insights into student progress, educators struggle to 

intervene effectively and equitably. These dynamics underscore the need for tools that enhance 

instructional responsiveness and allow for proactive educational support. 

The field of learning analytics, and more specifically predictive analytics, has emerged as 

a promising solution to this issue. Predictive models use historical and real-time data to 

forecast learner behaviors such as disengagement, academic decline, or dropout risk. When 

integrated into hybrid systems, these tools offer the potential to personalize learning pathways 

by identifying students’ needs before performance deteriorates (Alyahyan, 2025; Jeong et al., 

2025; Yaqoob & Verma, 2025). However, their application in underrepresented educational 

contexts remains underexplored, particularly from a pedagogical perspective. 

Despite growing recognition of hybrid learning’s potential, it remains inadequately 

adapted to the needs of underrepresented communities. Students from marginalized 

backgrounds are more likely to experience inconsistent internet access, limited digital literacy, 

and reduced academic support at home. These factors, compounded by systemic inequities in 

resource allocation and instructional quality, place these learners at heightened risk of 

academic failure in hybrid environments (Chellappan & Rajaguru, 2025; Ergün, 2025; Gordon 

et al., 2025; Kandasamy & Roseline, 2025; Marcinkiewicz et al., 2025; Miralles et al., 2025). 

Educators, in turn, lack the timely data needed to differentiate instruction in ways that are both 

scalable and effective. 

Conventional assessment tools and intervention strategies tend to operate reactively, 

intervening only after students have already demonstrated signs of disengagement or decline. 

This reactive model disproportionately affects vulnerable populations, who often require early 

and sustained support to navigate hybrid learning challenges. Teachers, particularly in high-

need schools, face the dual burden of limited time and overwhelming caseloads, making real-

time instructional adaptation a difficult endeavor without technological augmentation. 

There is a growing disconnect between the data capabilities of educational platforms and 

their practical implementation in addressing learner diversity. Although many learning 

management systems collect large volumes of student data, these data often go underutilized or 

lack actionable interpretation. In schools serving underrepresented communities, this 

disconnect results in missed opportunities for early intervention, personalized support, and 

data-informed pedagogy. The failure to translate data into differentiated instruction sustains 

cycles of underachievement and exclusion. 

This study aims to examine how predictive analytics can be used to personalize hybrid 

learning trajectories for students in underrepresented communities. The primary goal is to 

evaluate the effectiveness of predictive models in identifying at-risk learners before learning 

setbacks become entrenched (Amitu et al., 2025; Hezil et al., 2025; Prakhar et al., 2025; 
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Tanyıldız et al., 2025; Vaishya & Shukla, 2025). By doing so, the research seeks to provide 

educators with timely, actionable insights that inform individualized support strategies within 

hybrid instructional frameworks. 

The study also aims to explore how the integration of predictive analytics affects teacher 

decision-making, instructional planning, and student engagement. Special attention is given to 

the usability and accessibility of data dashboards and reporting systems within school 

environments that may have limited technical support. Understanding the human-computer 

interaction element of predictive systems is essential to ensuring their long-term adoption and 

efficacy. 

Another key objective is to develop a set of implementation principles and best practices 

for using predictive analytics in equity-focused hybrid learning. The research endeavors to 

construct a scalable framework that is contextually grounded and adaptable to various resource 

settings (Mathew et al., 2025; Onyelowe et al., 2025; Qureshi et al., 2025; Tasqeeruddin et al., 

2025). By centering the needs of underrepresented learners, the study contributes to the broader 

agenda of inclusive and data-informed educational transformation. 

Most existing research on predictive analytics in education focuses on post-secondary or 

highly resourced environments, where data infrastructure, teacher training, and institutional 

support are more robust. These studies often highlight academic performance prediction in 

online learning contexts but rarely examine the complexities of hybrid education in 

socioeconomically disadvantaged K–12 settings. This limitation restricts the applicability of 

findings to marginalized learners in real-world classroom settings. 

Few studies interrogate how predictive analytics can directly inform day-to-day 

pedagogical decisions, particularly in schools with high levels of student diversity and limited 

access to instructional support. There is insufficient research on how teachers interpret and act 

upon predictive data, and even less on how such systems align with culturally responsive or 

trauma-informed pedagogies. This gap presents a barrier to designing predictive tools that are 

both educationally meaningful and ethically sound. 

Little is known about how predictive models perform when exposed to incomplete or 

noisy datasets, which are common in underrepresented communities due to attendance 

irregularities, device limitations, or inconsistent participation (Kataoka et al., 2025; 

Nuanmeesri, 2025). The validity and equity of such tools depend on their capacity to work 

effectively with imperfect inputs and to avoid reinforcing biases that already exist in 

educational systems. This research addresses that critical blind spot by foregrounding the 

experiences of underserved schools. 

This study contributes a novel integration of predictive analytics and inclusive 

instructional design by centering underrepresented learners in the development and application 

of data-driven personalization. Unlike prior models that treat analytics as administrative tools, 

this research positions predictive systems as pedagogical allies that can transform how teachers 

plan, monitor, and adapt instruction in real-time. The hybrid modality provides a unique testing 

ground to understand how these technologies operate across online and in-person learning 

spaces. 

The methodological approach combines machine learning analysis with educator 

interviews and classroom observations, enabling a multidimensional view of predictive systems 

in practice. This mixed-methods framework ensures that quantitative forecasts are situated 

within the qualitative realities of teaching and learning in marginalized contexts. Such an 

approach not only enhances validity but also aligns with ethical imperatives to include 

practitioner and learner voices in educational innovation. 
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The research is justified by the urgent need to reduce learning disparities exacerbated by 

the digital divide and by systemic inequities in educational opportunity. As hybrid learning 

becomes an enduring feature of contemporary education, ensuring its accessibility and 

effectiveness for all students is a matter of both policy and justice. By equipping educators with 

tools that anticipate rather than react to learning challenges, this study offers a pathway toward 

more responsive, inclusive, and data-informed teaching practices. 

 

RESEARCH METHOD 

Research Design 

This study employed a convergent mixed-methods research design to investigate the 

integration of predictive analytics into hybrid learning environments serving underrepresented 

student populations. Quantitative analysis was used to construct and evaluate machine learning 

models for forecasting student engagement and academic risk, while qualitative methods 

explored the practical and pedagogical implications of using such models in real classroom 

settings (Bhagawati et al., 2025; Ferrara et al., 2025; Kannan et al., 2025; Raman & Jayaraman, 

2025). The combination of both approaches enabled a comprehensive understanding of the 

effectiveness, usability, and equity implications of predictive analytics when applied in 

socioeconomically diverse learning contexts. 

Research Target/Subject 

The population consisted of students and educators from four public secondary schools 

located in underserved urban and peri-urban communities. A total of 312 students from grades 

8 to 10 were selected through purposive sampling based on their consistent participation in 

hybrid learning programs. The teacher sample included 16 educators across core subjects, all of 

whom had a minimum of three years of teaching experience and familiarity with digital 

learning platforms. The school selection criteria included a high percentage of students eligible 

for free or subsidized meals, limited access to private digital resources, and documented 

academic underperformance relative to regional averages. 

Research Procedure 

The research procedures unfolded over a 14-week period and were divided into four 

phases. The first phase involved initial data collection and preprocessing, during which 

historical academic data and digital interaction logs were anonymized and normalized for 

model training. The second phase focused on algorithm development, where logistic 

regression, random forest, and gradient boosting models were tested and compared using cross-

validation techniques to determine predictive accuracy. In the third phase, the selected model 

was integrated into a user-friendly dashboard and piloted in classrooms to inform differentiated 

instructional planning. The fourth phase consisted of evaluation, during which the accuracy of 

risk predictions was measured, and qualitative feedback was gathered through interviews and 

observations. Ethical approval was secured from the institutional review board, and informed 

consent was obtained from all participants, with special provisions made for parental consent 

and student assent. 

Instruments, and Data Collection Techniques 

The data collection instruments included a predictive analytics engine built using Python 

and Scikit-learn libraries, which processed student performance data, attendance logs, login 

frequencies, assignment completion rates, and digital engagement metrics. A teacher-facing 

dashboard was designed to visualize risk alerts and recommendations generated by the model. 

Qualitative data were collected through semi-structured interviews with teachers, student focus 

groups, and field notes from classroom observations. Additional instruments included pre- and 



Journal Neosantara Hybrid Learning 

 

                                                           Page | 17  
 

post-intervention surveys to capture changes in student motivation and teacher perceptions of 

instructional adaptability. 

 

RESULTS AND DISCUSSION 

The initial data set consisted of performance, attendance, and digital engagement metrics 

from 312 students across four underrepresented secondary schools participating in hybrid 

learning environments. Descriptive statistics indicated significant variability in weekly login 

frequencies, assignment submission rates, and mid-semester academic scores. The predictive 

model was trained on 70% of the dataset and tested on the remaining 30%. Table 1 displays the 

mean values of key engagement indicators and academic scores across the sample. 

Table 1. Descriptive Statistics of Key Student Indicators (N = 312) 

Variable Mean SD Min Max 

Weekly Login Frequency 3.7 1.6 0 7 

Assignment Completion Rate (%) 64.3 21.8 10.0 100.0 

Mid-Semester Grade (0–100 scale) 71.2 12.5 42.0 94.0 

These data illustrate that while a portion of students maintained consistent digital 

engagement and academic performance, a substantial subgroup showed patterns indicative of 

academic risk. The model identified missing assignments and inconsistent weekly logins as 

significant early indicators of performance decline. Students with lower-than-average digital 

activity in the first six weeks were more likely to score below 60 in mid-semester assessments. 

The predictive models were evaluated using accuracy, precision, recall, and F1-score 

metrics. Among the algorithms tested, the random forest classifier yielded the best performance 

with an overall accuracy of 85.3% in predicting students at risk of academic decline. The 

model also achieved a precision of 81.4% and a recall of 83.7%, suggesting a strong balance 

between identifying at-risk students and minimizing false positives. 

Inferential analysis using logistic regression coefficients revealed that login frequency (p 

< 0.001), assignment submission rate (p < 0.01), and previous academic performance (p < 

0.001) were statistically significant predictors of academic risk. The odds of falling into the 

“at-risk” category increased by 2.6 times for each unit decrease in weekly login frequency. 

These results underscore the predictive validity of behavioral data within hybrid learning 

environments. 

Correlation analysis further confirmed strong relationships between digital engagement 

metrics and academic outcomes. A Pearson correlation coefficient of 0.68 was observed 

between assignment completion and mid-semester grades, indicating a moderately strong 

positive relationship. A weaker, but still significant, correlation of 0.45 was found between 

login frequency and academic performance. These findings suggest that behavioral 

engagement, particularly consistent task completion, is a robust indicator of student success. 

A case study of a high-poverty urban classroom revealed how predictive analytics 

informed real-time instructional decisions. Three students flagged by the model as high-risk 
received targeted interventions, including additional academic mentoring and modified 

deadlines. Within four weeks, these students demonstrated a 15% improvement in assignment 

completion and an average gain of 9.4 points in subsequent assessments. The teacher credited 

the predictive dashboard with enabling early, actionable intervention. 

Field notes and teacher interviews revealed that the predictive system enhanced 

instructional responsiveness without increasing workload. Teachers appreciated the clarity of 

visual alerts and the ability to prioritize support based on objective indicators rather than 
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anecdotal observation. Students involved in the case study reported feeling more supported and 

motivated after receiving personalized follow-ups triggered by the predictive alerts. 

 

 
Figure 1. Predictive Analytics: an Equitable Learning Pathway 

The convergence of statistical and qualitative data suggests that predictive analytics 

offers a viable pathway to equitable learning personalization in hybrid settings. By enabling 

educators to identify and respond to academic risk early, these systems transform educational 

data from passive archives into actionable tools for instructional equity. The outcomes affirm 

that predictive tools can operate effectively even within data-limited, resource-constrained 

school environments. 

The findings of this study demonstrate the efficacy of predictive analytics in identifying 

students at risk of academic decline within hybrid learning environments serving 

underrepresented communities. The random forest model achieved an 85.3% accuracy rate, 

with high precision and recall values, successfully forecasting disengagement based on 

behavioral data such as login frequency and assignment completion. Statistical analysis 

confirmed that these indicators were significantly correlated with academic performance, while 

case studies illustrated how the model enabled early, targeted interventions that improved 

learning outcomes. Teachers reported increased capacity to respond to student needs promptly, 

and students perceived the feedback mechanisms as supportive and motivating. 

The results align with previous studies that highlight the potential of predictive analytics 

in improving retention and academic monitoring, such as those by Papamitsiou and 

Economides (2014) and Slade and Prinsloo (2013). However, this study diverges by focusing 

on data-impoverished, high-need educational settings, where the challenge lies not only in 

prediction accuracy but also in implementation feasibility. Unlike many earlier works 

conducted in higher education or affluent institutions, this study operationalized predictive 

tools within under-resourced public schools (Gaurav et al., 2025; Mudgal & Bhatia, 2025; 

Savaştaer et al., 2025). This distinction is critical, as it demonstrates that data-informed 

personalization can be effective and ethical even in environments with infrastructural and 

socio-economic constraints. 

The outcomes of the study signal a shift toward more proactive, inclusive pedagogical 

practices made possible through data-driven insights. The ability to detect academic risk early 

and deliver personalized instructional support in real time suggests that predictive systems can 

act as enablers of educational equity. These findings indicate that underrepresented students 

often neglected in traditional instructional models can benefit significantly from learning 

environments where technology amplifies, rather than replaces, the role of empathetic and 

responsive teaching. The research offers a blueprint for how educational data can be ethically 

used to support rather than surveil learners. 
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The implications of these results are substantial for policymakers, school leaders, and 

technology developers. Integrating predictive analytics into hybrid learning models offers a 

scalable and sustainable approach to addressing long-standing disparities in education. Systems 

designed with contextual adaptability and transparency can empower teachers without 

increasing their workload or diminishing their agency. Educational policy should prioritize 

investments in teacher training, ethical data governance, and the development of accessible 

analytics tools that respond to the realities of underserved classrooms (Bahreini et al., 2025; 

Kadirgama et al., 2025; Patil, 2025). The study illustrates that when predictive systems are 

used as pedagogical companions, they can shift learning trajectories and promote inclusion. 

 

 
Figure 2. Key Succes Factors of Predictive Model 

The success of the predictive model is rooted in its reliance on readily available 

engagement data and its integration into teachers’ instructional routines. The strong correlation 

between behavioral indicators and academic outcomes highlights how simple metrics when 

analyzed and visualized effectively can provide deep insights into learner needs. Teachers’ 

willingness to adopt and act on predictive feedback also contributed to the observed outcomes. 

The participatory design of the dashboard ensured that the technology served instructional, not 

administrative, purposes and that teachers retained control over how to use the data in their 

professional judgment. 

The results reflect the importance of contextually sensitive implementation in shaping 

technology’s impact. Under-resourced schools often face constraints that make innovation 

difficult, yet this study showed that predictive tools can be deployed effectively when designed 

with simplicity, relevance, and user ownership in mind. Cultural familiarity, relationship-based 

teaching, and pedagogical trust enhanced the model’s acceptance. These contextual dynamics 

underscore that technology alone does not drive success its alignment with the values and 

practices of a learning community is equally essential. 

Future directions should explore how predictive analytics can be further embedded into 

instructional planning cycles, particularly through integration with adaptive learning platforms 

and real-time feedback loops. Longitudinal studies are needed to evaluate how sustained use of 

predictive systems influences student outcomes over multiple academic years and whether their 

use contributes to narrowing achievement gaps. Further research should also investigate ethical 

considerations, such as algorithmic bias and data privacy, especially in vulnerable populations. 

A participatory design approach involving teachers, students, and parents will be essential to 

refining these tools responsibly. 

The next steps for implementation include scaling the model across different types of 

underrepresented educational contexts and developing professional learning communities to 

support data literacy among educators. Technology developers should prioritize the design of 
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dashboards that are not only functional but also intuitive and pedagogically aligned. 

Educational leaders must advocate for policies that ensure equitable access to predictive 

systems and provide safeguards against misuse. By positioning analytics as a tool for equity 

rather than surveillance, schools can transform data into a resource for justice-oriented, 

personalized learning. 

 

CONCLUSION 

The most significant and distinctive finding of this study is the demonstrated 

effectiveness of predictive analytics in identifying students at risk of academic decline within 

underrepresented communities, even when data is incomplete or derived from resource-

constrained environments. The integration of behavioral indicators such as login frequency and 

assignment submission rates into a machine learning model yielded a predictive accuracy of 

over 85%, allowing educators to implement early, personalized interventions that measurably 

improved student performance and engagement. This confirms that predictive systems, when 

thoughtfully designed and ethically applied, can operate as pedagogical tools rather than 

merely administrative mechanisms. 

This research contributes a methodological advancement by combining predictive 

analytics with participatory, school-based implementation in hybrid learning contexts. The 

study moves beyond theoretical modeling by situating the analytics engine within the daily 

routines of teachers and incorporating visual dashboards aligned with instructional decision-

making. Its conceptual innovation lies in reframing predictive technology as a driver of equity-

centered personalization in hybrid education. By embedding analytics in environments 

traditionally excluded from high-tech innovation, the research offers a scalable, inclusive 

model that bridges data science with human-centered pedagogy. 

The study was conducted within a limited number of schools that, despite serving 

marginalized populations, still had access to basic digital infrastructure and institutional 

support for hybrid learning. This may restrict the generalizability of findings to contexts with 

more severe infrastructural deficits or different socio-political constraints. Future research 

should explore longitudinal impacts of predictive analytics on academic trajectories, assess the 

scalability of such models in more diverse educational settings, and investigate the ethical 

dimensions of data use, particularly regarding algorithmic bias and student privacy. Expanding 

stakeholder engagement including student and parent perspectives will be crucial for refining 

predictive systems that are contextually valid, culturally responsive, and ethically sound. 
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