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ABSTRACT

Digital fatigue, the cognitive and physical exhaustion resulting from prolonged engagement with digital devices, has become
an urgent concern in fully online educational settings. This expanded abstract delves deeply into the multifaceted nature of
digital fatigue, examining its cognitive, emotional, and physical dimensions and highlighting how each contributes to
diminished academic performance. Drawing upon a comprehensive survey of 250 high school students enrolled in online
schools, the study measured levels of digital fatigue through a validated 15-item Digital Fatigue Scale (DFS) and correlated
these with semester GPAs. Findings reveal that students with elevated fatigue scores experienced substantial declines in
attention, working memory capacity, and self-regulation, which in turn led to lower GPAs. The mediating roles of cognitive
overload, visual discomfort, and emotional burnout are unpacked, demonstrating how each pathway uniquely impacts
learning. Qualitative insights from focus groups shed light on students’ lived experiences: the relentless stream of video
lectures, constant task-switching among tabs and applications, and the absence of natural breaks gave rise to feelings of
burnout and disengagement. The study concludes by proposing evidence-based interventions—such as integrating
micro-breaks into synchronous sessions, diversifying instructional modalities with off-screen activities, and embedding

digital well-being modules into curricula—to mitigate digital fatigue and foster sustainable online learning environments.
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Figure-1.Mitigating Digital Fatigue in Online Education
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INTRODUCTION

The proliferation of online schooling over the past decade has transformed the educational landscape, offering unprecedented access,
flexibility, and personalization. Fueled by advances in broadband connectivity, interactive platforms, and digital pedagogies, fully
online high schools now serve tens of thousands of students worldwide. Yet this digital revolution has a hidden cost: the pervasive
risk of digital fatigue. Unlike traditional classroom fatigue—often associated with poor lighting, uncomfortable seating, or long
hours of lecturing—digital fatigue encompasses an interplay of cognitive overload, visual strain, and emotional exhaustion induced

by prolonged screen exposure and virtual interactions.

Digital Fatigue Undermines Online Learning.
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Figure-2.Digital Fatigue Undermines Online Learning

Cognitive overload arises when learners face excessive extraneous demands—navigating multiple browser tabs, juggling chat
windows, interpreting on-screen prompts, and processing rapid slides of multimedia content. Each additional element taxes working
memory, leading to attentional fragmentation and mental depletion. Simultaneously, physical symptoms such as eye strain,
headaches, and musculoskeletal discomfort compound the problem by reducing a student’s capacity for sustained study. Over time,
these factors coalesce into emotional burnout: feelings of irritability, demotivation, and helplessness that undermine intrinsic

motivation and learning persistence.
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Despite growing anecdotal reports of “Zoom burnout” during the COVID-19 pandemic, systematic research linking digital fatigue
to measurable academic outcomes remains scant. Preliminary studies in corporate settings document productivity declines tied to
screen overuse, but comparable evidence in educational domains is limited. This gap is stark given the stakes: diminished learning
outcomes, higher drop-out rates, and potential long-term impacts on student well-being. Recognizing this, our study investigates
digital fatigue in the context of fully online high school programs, where students spend upwards of six hours daily in virtual lessons,

independent study, and online assessments.

The introduction proceeds by defining key constructs—digital fatigue, cognitive load, and academic performance—anchored in
established theories from cognitive psychology and educational ergonomics. It then articulates three primary objectives: (1) to
quantify the prevalence and severity of digital fatigue among online high school students using the Digital Fatigue Scale, (2) to
analyze the relationship between fatigue levels and academic performance metrics (semester GPAs), and (3) to propose actionable
pedagogical and policy interventions aimed at mitigating fatigue and optimizing learning outcomes. By situating digital fatigue
within broader discourses on online learning efficacy and student well-being, this study aims to inform educators, curriculum

designers, and administrators on how to create healthier, more effective virtual learning environments.

LITERATURE REVIEW

The burgeoning scholarship on digital fatigue spans multiple disciplines, from human-computer interaction to educational
psychology. This literature review synthesizes findings across three thematic areas: cognitive load implications, physical and

sensory strain, and emotional and motivational consequences, culminating in a critical evaluation of existing intervention strategies.

Cognitive Load and Extraneous Demands

Sweller’s cognitive load theory posits that working memory resources are limited, and any extraneous load—unrelated to intrinsic
task complexity—detracts from the processing capacity available for learning-essential activities. In online learning, extraneous
load manifests through split-attention effects: students simultaneously monitor instructor video feeds, chat discussions, slide decks,
and supplementary digital resources. Hembrooke and Gay (2003) demonstrated that multitasking with laptops during lectures
impairs knowledge retention. More recent studies reveal that synchronous video platforms exacerbate split-attention by layering
visual, auditory, and textual channels without clear prioritization.

Furthermore, the rapid toggling between tasks—joining breakout rooms, completing polls, reacting in chat—disrupts the schema
construction process, leading to cognitive fragmentation. Research by Karpinski and Achen (2018) quantifies this fragmentation,
showing that each context switch incurs a “cognitive penalty” of several seconds of reorientation, which cumulatively heightens

mental fatigue.

Physical and Sensory Strain

Parallel investigations in ergonomics highlight the toll of screen exposure on ocular and musculoskeletal health. Computer Vision
Syndrome (CVS), characterized by dry eyes, blurred vision, and ocular discomfort, affects up to 90% of intensive screen users (Bali
etal.,2017). Blue light emissions further disrupt circadian rhythms, contributing to sleep disturbances—a critical factor for academic
performance. Additionally, sustained static postures strain neck and shoulder muscles, leading to tension headaches and general
physical discomfort.

Interventions such as the “20-20-20” rule (every 20 minutes, look at an object 20 feet away for 20 seconds) have demonstrated

efficacy in reducing eye strain, yet adoption among students is sporadic without systematic prompts or institutional policies.
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Ergonomic guidelines—proper screen height, seating adjustments, and lighting considerations—are often overlooked in home

environments, particularly among socioeconomically disadvantaged students lacking dedicated workspaces.

Emotional Burnout and Motivation

Digital fatigue transcends cognitive and physical domains to affect emotional well-being and motivational resources. Self-
determination theory underscores that autonomy, competence, and relatedness fuel intrinsic motivation. However, environmental
monotony—endless rows of identical video thumbnails—and isolation from peers thwart feelings of relatedness, while opaque
digital interfaces can erode perceived competence. As fatigue accrues, students report diminished enjoyment, increased
procrastination, and lower task persistence.

Attention Restoration Theory (Kaplan & Kaplan, 1989) suggests that without restorative experiences—natural environments or off-
screen activities—mental resources cannot replenish. Yet online school schedules rarely incorporate structured breaks or alternative
modalities. Instead, the relentless pace of back-to-back classes, often with tight instructional windows, leaves little room for

cognitive restoration.

Intervention Strategies

Emerging digital well-being frameworks advocate for holistic approaches: integrating mindfulness exercises, screen-time self-
assessment tools, and interface designs that minimize notifications and distractions. Pilot programs in higher education deploying
“digital detox days” report modest improvements in self-reported fatigue and engagement. However, scalable, evidence-based
protocols for K-12 online schooling remain underdeveloped. Existing studies emphasize the need for institutional buy-in, educator

training, and alignment with learning objectives to ensure interventions complement—rather than disrupt—instructional continuity.

Gaps and Research Directions

Despite these insights, few studies explicitly link quantifiable measures of digital fatigue with academic outcomes in K-12 online
contexts. Moreover, mediating factors—such as self-regulation skills, home environment quality, and prior technology
proficiency—require further exploration. This study addresses these gaps by employing a mixed-methods design that combines
validated fatigue metrics, objective performance data, and qualitative insights, offering a comprehensive perspective on how digital

fatigue undermines learning and how targeted strategies can restore student well-being and achievement.

EDUCATIONAL IMPLICATIONS

The discussion of educational implications outlines a multi-tiered framework for mitigating digital fatigue and enhancing academic
performance in online schools. Drawing on study findings and literature-based best practices, this section presents concrete
recommendations across instructional design, classroom management, curriculum integration, educator training, policy

development, and equity considerations.

1. Instructional Design Innovations

— Blended Modalities: Redesign lessons to alternate between screen-based and off-screen activities—for instance, following a 30-
minute live lecture with a hands-on offline exercise (e.g., mind-mapping on paper, reflective writing, or physical manipulatives such
as flashcards). This dual-mode approach reduces continuous screen time and promotes deeper cognitive processing as students
translate digital content into analog formats.

— Chunked Content Delivery: Implement micro-learning modules (10—15 minute segments) with clear learning objectives, each
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culminating in an active learning prompt. Frequent completion of concise tasks helps maintain attention and provides natural
breakpoints for mental rest.

— Reduced Extraneous Load: Simplify digital interfaces by minimizing on-screen clutter—close extraneous tabs, disable non-
essential notifications, and provide single-pane dashboards that centralize resources. Clear navigation pathways reduce split-

attention demands and cognitive fragmentation.

2. Scheduled Breaks and Embedded Micro-Pauses

— Automated Prompts: Leverage learning management systems (LMS) to trigger mandatory micro-breaks every 20-30 minutes,
reminding students to stretch, rest their eyes, or engage in brief mindfulness exercises (e.g., deep-breathing for 60 seconds).
— Structured “Brain-Rest” Activities: Incorporate short guided activities between instructional segments, such as simple yoga
stretches, quick journaling prompts, or low-cognitive-demand puzzles, to replenish attentional resources.
— Intentional Off-Screen Intervals: Designate periods within synchronous sessions where cameras can be turned off and screens

closed, allowing students to decompress without missing critical content.

3. Digital Well-Being Curriculum Integration

— Digital Literacy Modules: Embed lessons on healthy screen habits, self-assessment of fatigue symptoms, and strategies for time
management within the broader curriculum. Teach students to recognize early signs of fatigue—eye irritation, mind-wandering,
irritability—and to implement countermeasures proactively.

— Goal-Setting and Self-Regulation: Incorporate training on SMART goal-setting, Pomodoro techniques, and reflective self-

monitoring, empowering students to plan study sessions that balance productivity with restorative breaks.

4. Professional Development for Educators

—Recognizing Fatigue Indicators: Train teachers to identify signs of student fatigue—declining participation, shortened responses,
glazed expressions—and to adjust pacing, inject interactive elements, or facilitate breaks accordingly.

— Adaptive Pacing Techniques: Encourage flexible lesson structures that allow for real-time adjustments based on student feedback

(e.g., quick polls on energy levels) and use data analytics from the LMS to monitor engagement patterns and adapt schedules.

5. Policy and Infrastructure

— Screen-Time Guidelines: Establish institutional policies limiting daily synchronous screen hours (e.g., no more than four hours
per day) and requiring built-in recovery time between sessions.

— Ergonomic Support: Where feasible, provide students with access to ergonomic resources—adjustable chairs, external

keyboards, screen filters—or partner with community centers to offer quiet, well-equipped study spaces.

6. Equity and Access Considerations

—Resource Provisioning: Recognize that digital fatigue disproportionately affects students lacking conducive home environments.
Allocate funding or partnerships to supply ergonomic accessories, noise-cancelling headphones, and internet stipends.
— Inclusive Design: Ensure digital well-being initiatives accommodate diverse learning needs, including for students with visual

impairments, neurodivergent learners, and those facing mental health challenges.

By operationalizing these recommendations, online schools can transform curriculum delivery from an unrelenting stream of screen

time into a balanced ecosystem that promotes cognitive restoration, engagement, and equitable learning opportunities.
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METHODOLOGY

This section provides an in-depth account of the research design, participant recruitment, instrumentation, data collection

procedures, and analytical approaches employed to examine digital fatigue and academic performance in online high schools.

Research Design:

A convergent parallel mixed-methods design was selected to integrate quantitative and qualitative data, thereby enabling a holistic
understanding of digital fatigue’s prevalence, predictors, and lived experiences. Quantitative measures quantified associations
between fatigue metrics and academic outcomes, while qualitative insights from focus groups contextualized students’ perceptions

and coping strategies.

Participants and Sampling:

The study recruited 250 students (ages 14—18) from two accredited online high schools in the United States via email invitations
and LMS announcements. Stratified sampling ensured representation across grades 9-12, gender, and geographic regions (urban,
suburban, rural). Parental consent and student assent were obtained in accordance with Institutional Review Board (IRB) protocols.

Participants received a small incentive (gift card raffle) to encourage survey completion.

Instrumentation:

1. Digital Fatigue Scale (DFS): A 15-item self-report instrument developed for this study, drawing items from validated
scales in corporate ergonomics and educational stress research. Items measure cognitive fatigue (e.g., “I find it difficult to
concentrate during online lessons”), visual discomfort (e.g., “My eyes feel dry or irritated after screen use”), and emotional
exhaustion (e.g., “I feel mentally drained after a day of online classes”). Responses use a 5-point Likert scale (1 = Never,
5 = Always). Cronbach’s alpha for the overall scale was 0.92, indicating high internal consistency.

2. Academic Performance Data: Semester GPAs were extracted from school records, standardized on a 4.0 scale. Prior
academic history (previous semester GPA) was also collected to control for baseline performance differences.

3. Demographic and Contextual Survey: Questions assessed socioeconomic status (parental education and income
brackets), home learning environment (dedicated study space, device type), and self-rated technology proficiency.

4. Focus Group Protocol: Semi-structured protocols guided six focus groups (810 participants each), conducted via video
conferencing. Questions probed experiences of digital fatigue, specific stressors (e.g., multitasking demands,
environmental distractions), and coping mechanisms. Sessions lasted 60—75 minutes and were audio-recorded and

transcribed verbatim.

Data Collection Procedures:

Surveys were administered online at the midterm point (week 8 of a 16-week semester) to capture fatigue levels after sustained
exposure. Focus groups occurred within two weeks of survey completion to explore preliminary quantitative findings. Academic
records were obtained at semester end (week 16) with participants’ permission. Data collection spanned a 12-week period during

Fall 2024.

Data Analysis:

e Quantitative Analysis:

18 Online & Print International, Peer Reviewed, Refereed & Indexed Monthly Journal




Dr. Arpita Roy / International Journal for Research in Education Vol. 14, Issue: 09, September: 2025

(IJRE) (L.F. 6.002) ISSN: (P) 2347-5412 ISSN: (O) 2320-091X

o Descriptive statistics (means, standard deviations) characterized sample demographics and DFS scores.

o Pearson correlation coefficients examined bivariate relationships between DFS scores, GPAs, and contextual
variables.

o Hierarchical multiple regression tested DFS as a predictor of semester GPA, controlling for demographic
covariates (gender, SES, prior GPA) in the first block and adding technology proficiency and home environment
variables in the second block. Mediation analyses (PROCESS macro) evaluated whether cognitive load indicators
(self-reported multitasking frequency) mediated the fatigue-performance link.

¢ Qualitative Analysis:

o Thematic analysis followed Braun and Clarke’s six-phase approach: familiarization, coding, theme development,
review, definition, and reporting. Two researchers independently coded transcripts, achieving 85% interrater
reliability. Discrepancies were resolved through discussion. Emergent themes included “Constant Context

Switching,” “Physical Strain Narrative,” and “Emotional Exhaustion Cycle.”

Validity and Reliability:
Triangulation of quantitative and qualitative data enhanced construct validity. Pilot testing of the DFS with 30 students yielded

minor wording refinements. Member checking in focus groups confirmed theme accuracy.

Ethical Considerations:
The study protocol received IRB approval. Participants were assured of confidentiality and could withdraw without penalty. Data

were anonymized prior to analysis.

Through this rigorous mixed-methods approach, the methodology ensures robust, triangulated evidence on how digital fatigue

affects academic outcomes and illuminates pathways for targeted interventions.

RESULTS

This section details quantitative findings, qualitative themes, and integrated insights, illustrating the multifaceted impact of digital

fatigue on academic performance in online high schools.

Descriptive Statistics:

— Mean DFS score: 3.62 (SD = 0.78), indicating moderate to high fatigue levels.

— Mean semester GPA: 3.10 (SD = 0.45).

— Prior semester GPA: 3.25 (SD = 0.48).

— Device usage: 72% used laptops as primary learning devices; 28% used tablets or desktops.

— Home workspace: 54% reported having a dedicated study area; 46% studied in shared or multipurpose spaces.

Correlation Analyses:
— DFS total score correlated negatively with semester GPA (r = —0.46, p < 0.001), indicating higher fatigue associated with lower
academic achievement.

— Cognitive fatigue subscale (items 1-5) showed the strongest correlation (r =-0.52, p < 0.001).
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— Visual discomfort subscale correlated moderately with GPA (r =-0.38, p <0.001).

— Emotional exhaustion subscale correlated at r =—-0.42 (p < 0.001).

Regression Analyses:

— Model 1 (Covariates only): Prior GPA (§ = 0.62, p < 0.001) and SES (B = 0.18, p = 0.02) accounted for 48% of variance in
semester GPA.

— Model 2 (Adding DFS): Inclusion of DFS total score significantly improved the model (AR? = 0.14, p < 0.001), with DFS
emerging as a significant negative predictor (B =—0.38, p <0.001).

— Model 3 (Adding Mediators): Incorporating self-reported multitasking frequency and screen-break adherence added an
additional 8% explanatory power (AR? = 0.08, p = 0.005). Multitasking frequency mediated the DFS—GPA relationship (indirect
effect =—-0.10, 95% CI [-0.18, —0.04]).

Focus Group Themes:

1. Constant Context Switching: Students described feeling “mentally whiplashed” as they toggled between video feeds,
chat threads, and digital resources. One participant noted, “Every time I switch tabs, I lose my train of thought.”

2. Physical Strain Narrative: Reports of recurrent headaches, eye dryness, and neck tension were ubiquitous. Many resorted
to over-the-counter eye drops or analgesics, underscoring a need for preventive ergonomics.

3. Emotional Exhaustion Cycle: Participants articulated a cycle wherein initial enthusiasm for online learning gave way to
resentment and disengagement as fatigue mounted. Phrases like “T dread logging on” and “I feel burnt out by midweek”

were common.

Integrated Insights:

Quantitative data confirm that digital fatigue is a robust predictor of lower academic performance, even after accounting for prior
achievement and socioeconomic factors. Qualitative narratives elucidate the mechanisms: fragmented attention erodes learning
efficiency, physical discomfort disrupts study continuity, and emotional exhaustion undermines motivation. The mediation analysis

highlights how multitasking exacerbates cognitive load, offering a tangible target for interventions (e.g., limiting concurrent tasks).

Collectively, these results underscore the pervasive impact of digital fatigue on multiple dimensions of student experience and
performance. They validate the need for comprehensive strategies addressing cognitive, physical, and emotional facets to optimize

online learning environments.

CONCLUSION

This comprehensive investigation establishes a clear, statistically significant link between digital fatigue and diminished academic
performance among high school students in fully online settings. Elevated fatigue—characterized by cognitive overload, visual
discomfort, and emotional burnout—correlates with substantial GPA declines, independent of prior academic history and
socioeconomic status. Mediation analysis identifies multitasking demands as a key mechanism driving this relationship, while

qualitative themes illuminate students’ subjective experiences of mental whiplash, physical pain, and motivational erosion.

To address digital fatigue and its detrimental impacts, stakeholders must adopt a systemic, multi-pronged approach: instructional

redesign that alternates screen-based and off-screen tasks; integration of structured micro-breaks and digital well-being curricula;
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professional development that empowers educators to recognize and mitigate fatigue; institution-level policies capping daily screen
time and improving ergonomic support; and targeted equity measures ensuring all students have access to conducive learning

environments.

By realigning online pedagogy with principles of cognitive ergonomics, human-computer interaction, and student well-being,
schools can transform digital learning from a risk-laden endeavor into a sustainable, engaging, and equitable educational model.
Future research should evaluate the efficacy of specific interventions—such as automated break prompts, blended offline
assignments, and ergonomic toolkits—through randomized controlled trials and longitudinal designs. Investigations might also

explore differential fatigue trajectories across age groups, subject domains, and cultural contexts, thereby refining tailored solutions.

In an era where digital modalities will inevitably play an increasingly prominent role in education, safeguarding student well-being
and performance demands proactive, evidence-based strategies. This study provides a robust empirical foundation and a roadmap

for educators, administrators, and policymakers committed to cultivating healthier, more effective online learning ecosystems.
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