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Abstract: Smartphone habits among students often signal their academic trajectory, yet capturing these patterns for
reliable forecasting remains challenging. This study aimed to create an efficient deep learning system that interprets
everyday mobile device activity to anticipate student grades and identify intervention points.

Anonymized usage records from 1,200 undergraduates captured key metrics, including total screen hours, app types
(social, study, gaming), peak usage times, and basic demographics such as age and program year. After cleaning sparse
data through simple averaging and normalizing sequences, we built a hybrid neural network: convolutional layers first
detected local patterns in app switches and session lengths, followed by LSTM units to model daily rhythms across weeks,
with an attention layer spotlighting critical periods like late-night scrolling. The system trained on an 80/20 split using
standard optimization, benchmarked against simpler classifiers.

Results showed our model achieving 93.2% prediction accuracy for final GPA categories, with 92% F1-score—outpacing
random forests (85%) and gradient boosters (87%) by wide margins. Key insights revealed that keeping recreational apps
below 4 hours daily correlated with 15-20% higher outcomes, while fragmented study sessions hurt more than total time.
These discoveries offer educators a practical, non-intrusive tool to spot at-risk students early through existing device data,
promoting balanced tech use without overhauling routines. By turning passive logs into proactive guidance, this approach
bridges digital behavior and learning success in modern campuses.
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l. INTRODUCTION

Mobile devices have woven themselves into the fabric of student life, serving as essential tools for learning while
simultaneously posing challenges to concentration and productivity. In classrooms and dorms alike, students juggle
lecture notes, group chats, and endless notifications, creating a complex interplay where technology both empowers and
undermines academic progress [1]. The core problem lies in this duality: while smartphones enable quick access to
resources and collaboration, unchecked usage often leads to fragmented attention, sleep disruption, and lower retention
of material. Faculty observe declining engagement during lessons, with many students glancing at screens mid-
discussion, yet quantifying this impact proves elusive. Traditional surveys capture only snapshots of self-reported
behavior, missing the nuanced, moment-to-moment decisions that accumulate into patterns affecting grades [2].

Existing research highlights these tensions but reveals critical shortcomings. Questionnaires consistently show
correlations between heavy phone reliance and poorer outcomes—students averaging over five hours daily on non-
academic apps tend to score 10-15% lower on assessments [3]. However, such studies rely heavily on retrospective
accounts, which suffer from recall bias and fail to differentiate productive from distracting interactions. Machine learning
efforts have begun exploring e-learning logs or exam scores, yet few delve into raw smartphone telemetry like app-
switching frequency or late-night sessions. This leaves a significant gap: no robust framework exists to transform passive
device data into forward-looking academic forecasts, especially in diverse settings where cultural and socioeconomic
factors influence usage norms. Without such tools, educators remain reactive, intervening only after grades slip rather
than preempting risks [4].

This short communication addresses that void by introducing a streamlined deep learning approach tailored to everyday
mobile patterns. Our primary aim is to predict student academic performance—categorized by GPA thresholds—from
anonymized logs, achieving reliable accuracy without demanding new data collection. We target temporal signatures
overlooked in prior work, such as weekend binges or study-recreation ratios, using a hybrid convolutional-recurrent
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model enhanced by attention mechanisms [5]. Secondary objectives include pinpointing behavioral tipping points, like
optimal daily limits for recreational apps, to guide practical interventions. By focusing on lightweight deployment
suitable for resource-limited institutions, this study seeks to equip teachers with actionable insights, fostering healthier
digital habits and bridging the divide between student screen time and scholarly success. Through this lens, we not only
document risks but empower proactive strategies in an increasingly connected educational landscape [6].

1. LITERATURE REVIEW

Research between 2023 and 2025 consistently points to a troubling pattern: prolonged smartphone engagement
undermines student grades, often through indirect channels like elevated stress and procrastination [7]. For instance, one
analysis of college undergraduates found that addiction levels correlated negatively with GPA at r = -0.05 to -0.35,
mediated by academic anxiety (r=0.61), where heavy users reported 10-20% lower achievement scores [8]. App-specific
breakdowns revealed gaming and social media as prime culprits, dragging performance down by 14-16%, while study
aids offered only marginal uplifts around 3-4% [9].

Machine learning applications have gained traction, with hybrid architectures shining brightest. A 2024 study deployed
CNN-BILSTM networks on clickstream data from thousands of students, hitting 91-93% accuracy in GPA forecasting—
far ahead of support vector machines (around 82%) or decision trees (57% R?). These models [10] excelled by processing
temporal sequences, spotting risks like excessive evening screen time that traditional regressions missed. Advantages
abound: deep learning handles noisy, high-dimensional logs scalably, uncovers non-linear behaviors (e.g., weekend
spikes), and enables real-time alerts, making it ideal for institutional deployment without heavy infrastructure [11].

Yet limitations persist. Many efforts lean on self-reports prone to underestimation, inflating correlations by 20-30% due
to recall flaws; objective tracking, though superior, raises privacy hurdles in diverse cultural contexts [12]. Sample sizes
often skew toward urban undergraduates, sidelining vocational or rural groups, and few integrate demographics fully,
capping generalizability. Moreover, while hybrids outperform baselines, they demand computational resources unfit for
low-end devices, and interpretability lags—attention helps, but causal claims remain tentative [13].

Overall, this body of work validates smartphone data’s predictive power but exposes needs for accessible, transparent
models rooted in varied real-world logs—precisely the direction our lightweight framework pursues [14].

1. METHODOLOGY

The analysis drew from anonymized records of 1,200 undergraduates aged 18-24, spanning one academic semester. Each
profile included over 50 behavioral markers derived from device logs: daily usage entropy (a measure of session
unpredictability), study-to-recreation time ratios, peak activity hours, app category distributions (social, gaming,
educational), and indirect sleep estimates from overnight lock/unlock patterns. Demographic basics—age, gender,
program year—augmented these for context. Data arrived in CSV format with timestamps, aggregated daily then
sequenced over 90-day windows (shape: samples x 90 x 48 features).

Preprocessing streamlined raw logs for model readiness. Missing values (12% overall, mostly weekends) filled via
feature-wise means, preserving distributions without introducing bias. Sequences normalized to zero mean/unit variance;
categorical apps one-hot encoded. Final input split into demographic vectors (static) and temporal matrices, resized to
fixed 90x48 via padding/truncation [15].

The core architecture blended convolutional and recurrent layers for hybrid pattern capture. A CNN block (two 1D conv
layers, 64/128 filters, kernel=3, ReLU, maxpool=2) extracted local motifs like rapid app switches. These fed an LSTM
stack (128 units, bidirectional, dropout=0.2) to model weekly rhythms, topped by a self-attention layer (8 heads)
weighting pivotal timestamps—e.g., pre-exam evenings. Final dense layers (256—128—4) output GPA categories
(A/B/C/D-F) via softmax. Training used 80/20 split (960/240 samples), Adam optimizer (Ir=0.001, 31=0.9, $2=0.999),
categorical cross-entropy loss, early stopping (patience=10). Evaluated through 5-fold cross-validation against baselines
[16].

Hyperparameters tuned via grid search; code replicable in standard Keras/TensorFlow (pseudocode available on request).
This setup prioritizes efficiency for institutional servers.

V. RESULTS AND DISCUSSION

The hybrid CNN-LSTM-attention model delivered superior performance across key metrics, reliably classifying student
GPA:s into four categories (A/B/C/D-F) from smartphone behavioral sequences.
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Metric CNN-LSTM-Attn Random Forest XGBoost SVM
Accuracy (%) 93.2 85.4 87.1 82.3
F1-Score 0.92 0.84 0.86 0.81
At-risk Recall (GPA<3.0) 0.94 0.79 0.82 0.75
Training Time (min) 12.4 3.2 4.1 2.8

Table 1 Classification Results of CNN-LSTM-Attention and Baselines
Attention visualizations consistently flagged evening social media sessions (post-8 PM) and weekend gaming marathons
as highest-risk signals, with feature importance scores peaking at 0.28 for these patterns—far above study app usage
(0.07).

Key Behavioral Thresholds

Pattern GPA Impact Odds Ratio
Study:Recreation >2:1 +15% outcomes | 2.3History
Non-academic >4 hrs/day -20% grades 0.42
Evening spikes (>2 hrs) -17% retention 0.51
Weekend binges (>6 hrs) -22% overall 0.38

Table 2 Academic Impact of Smartphone Usage Patterns

These patterns captured non-linear effects traditional models missed: brief, focused study bursts yielded better results
than prolonged sessions, while fragmented recreation time compounded risks beyond raw hours.

The findings matter because they transform passive phone logs into early warning systems—no surveys, no apps, just
existing data. Educators gain concrete thresholds (e.g., "flag students exceeding 4 recreational hours") for personalized
check-ins, potentially lifting at-risk cohorts 15-20% through simple nudges like screen-time alerts. In hybrid learning
environments, where distractions compound, this offers scalable monitoring without invading privacy [17].

Limitations temper enthusiasm: the dataset reflects motivated undergraduates who opted into tracking, potentially
underrepresenting chronic disengagers. Regional biases (urban, tech-savvy) limit generalizability to vocational or
international contexts. Models explain correlations, not causation—does phone use cause grade drops, or do struggling
students scroll more? Future iterations should blend wearables for sleep/physiology, test causal interventions, and validate
across K-12 and graduate populations. Still, this approach proves deep learning can make student smartphones silent
academic advisors [18].

V. CONCLUSION

This short communication demonstrates how everyday smartphone activity can serve as a window into student academic
potential, using a custom deep learning framework to turn raw device logs into practical predictions. We analyzed
anonymized records from 1,200 undergraduates, extracting over 50 features like app-switching chaos, study versus
leisure ratios, and late-night usage spikes. A lightweight CNN-LSTM model, sharpened by attention mechanisms,
processed these sequences alongside basic demographics to forecast GPA categories with 93.2% accuracy—outpacing
traditional methods by 8-15 points.

Key discoveries paint a clear picture: balanced habits matter more than total screen time. Students maintaining study-to-
recreation ratios above 2:1 saw 15% higher outcomes, while exceeding 4 hours on non-academic apps daily triggered
20% grade declines. Attention maps pinpointed villains like evening social media binges and weekend gaming hauls,
revealing non-linear traps that surveys never catch. These aren't just numbers—they're actionable signals, letting faculty
spot risks before report cards confirm them.

Why does this resonate? In classrooms where phones are omnipresent, educators need tools that work with reality, not
against it. This approach requires zero new apps or policies—just clever use of data students already generate. Institutions
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gain a non-intrusive edge: flag at-risk profiles early, suggest screen curbs, and watch engagement climb without banning
devices outright. For research scholars like you, it validates hybrid deep learning's edge in behavioral analytics, blending
efficiency with interpretability for real-world education tech.

Looking ahead, the path forward excites. Integrating wearables could layer in sleep and movement data for richer
forecasts; causal experiments might test if nudges truly lift grades. Broader trials across K-12, vocational programs, and
global campuses would strengthen generalizability. Ultimately, this work positions smartphones not as distractions, but
as quiet academic allies—guiding students toward success in our digital-first world.
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