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Abstract. This systematic review synthesises empirical evidence on digital learning fatigue (DLF)
and its psychological consequences among tertiary students in the post-pandemic era. It ad-
dresses prevalence patterns, contributing factors, mental health impacts, and moderating variables
shaping fatigue experiences across global higher education contexts. Following PRISMA-2020
guidelines, a multi-database search (Scopus, Web of Science, PubMed, ERIC, and Google Scholar)
identified 2,315 records (January 2020-May 2025). Twenty-two studies met the inclusion cri-
teria after rigourous screening and quality appraisal using the Newcastle-Ottawa Scale. Data
were narratively and thematically synthesised to integrate quantitative prevalence evidence and
qualitative psychosocial insights. Across studies, DLF affected 45-75 % of tertiary students and
manifested through intertwined cognitive, emotional, and behavioural symptoms. The most
common psychological outcomes were anxiety (68 %), stress (64 %), and depressive symptoms
(55%). Fatigue consistently reduced motivation, concentration, and academic engagement while
elevating burnout risk. Gender (higher in females), academic discipline (arts/humanities > STEM),
and screen exposure (6-8 h+ per day) amplified fatigue, whereas resilience and adaptive coping
moderated adverse effects. Cross-regional variations reflected technological infrastructure and
institutional preparedness. The review identifies an urgent need for evidence-based interventions
such as balanced asynchronous—synchronous workloads, resilience-building programs, ergonomic
design standards, and institutional mental-health support. This is among the first post-pandemic
systematic syntheses to conceptualise DLF as a multidimensional psychosocial syndrome rather
than a transient technological stressor. By integrating cognitive load, self-determination, and
conservation-of-resources perspectives, the review offers an ecological framework for reducing
fatigue and promoting sustainable digital learning wellbeing.
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1. Introduction

The rapid digitalisation of higher education represents one of the most significant pedagogical
transformations in contemporary academic history. Although technology-enhanced learning evolved
gradually over decades, the COVID-19 pandemic triggered an unprecedented acceleration, compelling
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institutions worldwide to adopt digital platforms at a scale and speed previously inconceivable
[37]. This sudden shift, which affected over 1.6 billion learners globally, transformed screens from
supplementary tools into the central medium of instruction [85]. As universities now sustain hybrid
and fully online delivery models beyond the crisis, a concerning phenomenon has emerged: digital
learning fatigue, defined as cognitive exhaustion, emotional depletion, and reduced engagement
caused by prolonged exposure to digital learning environments [28, 59]. Despite widespread
recognition of this issue, its magnitude, determinants, and psychological implications among tertiary
students remain poorly synthesised.

Historically, the trajectory of digital learning in higher education has unfolded across three phases,
each shaping student experience differently. Pre-2020 online education was largely elective, designed
intentionally for self-regulated learners [11, 14], with learning management systems and multimedia
tools complementing rather than replacing classroom instruction [34]. This balance fostered gradual
digital literacy while maintaining vital social interaction. The pandemic disrupted this equilibrium
through what Hodges et al. [37] describe as emergency remote teaching — a rapid, unplanned shift
that diverged from best-practice digital pedagogy. Faculty with limited online teaching expertise
restructured entire courses under time pressure [90], while students lost access to campus resources
and social networks, experiencing health anxiety and isolation [15]. This context produced the first
widespread reports of “Zoom fatigue”, characterised by exhaustion after prolonged video conferencing
[7].

In the post-pandemic era, hybrid and online modalities have persisted [65], demanding an eval-
uation of their long-term sustainability and psychological costs. Cognitive load theory [82, 83]
provides a critical lens for understanding digital fatigue: limited working-memory capacity can be
overwhelmed by intrinsic, germane, and extraneous loads [41]. Poorly designed online environ-
ments increase extraneous load through split attention, redundancy, and navigational complexity
[53], forcing students to divide focus across multiple stimuli — video feeds, chats, slides, and digital
notifications [19]. Such overload impairs learning efficiency and induces mental exhaustion [25, 55].

Beyond cognitive strain, motivational and affective dimensions compound the problem. According
to self-determination theory [73], autonomy, competence, and relatedness are essential for intrinsic
motivation, yet rigid course structures and mediated communication often frustrate these needs
[35]. Similarly, the conservation of resources theory [36] explains that prolonged resource depletion
without recovery — through limited social interaction or rest — produces psychological strain [47].
Bailenson [7] further identifies four mechanisms of videoconference fatigue: excessive close-up
gaze, constant self-view, restricted physical movement, and difficulty decoding non-verbal cues,
leading to “non-verbal overload” [69]. Physically, digital fatigue manifests through visual strain,
headaches, and musculoskeletal discomfort [71, 79]. Cognitively, it diminishes attention, memory,
and problem-solving [68], while emotionally, it fosters irritability and detachment [5, 23, 35].

Empirical studies reveal that chronic digital learning fatigue correlates strongly with anxiety,
depression, and academic burnout [12, 81, 86, 89]. Academic burnout — marked by exhaustion,
cynicism, and diminished efficacy [75] — interacts bidirectionally with fatigue, forming a reinforcing
cycle [51] that reduces motivation and persistence [80]. Furthermore, digital contexts may erode
self-efficacy [9] by limiting feedback and mastery experiences [39, 67].

Individual and contextual differences moderate these effects. Female students experience greater
fatigue, linked to self-presentation pressure and multitasking demands [28]. International and
socioeconomically disadvantaged students face compounded stress due to time-zone challenges,
limited connectivity, and inadequate learning spaces [4, 33, 56, 61]. Students with disabilities
or pre-existing conditions also report higher fatigue levels due to accessibility gaps and sustained
attentional demands [10, 13, 31]. These inequities highlight that digital learning can inadvertently
reinforce educational disparities.

Although awareness of digital learning fatigue is growing, research remains fragmented across
fields and methodologies. Existing studies often rely on cross-sectional designs, convenience samples,
and inconsistent definitions, limiting comparability and causal inference. Few examine long-term
trajectories or moderating mechanisms such as resilience, pedagogy, and institutional support.
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Accordingly, this systematic review synthesises empirical evidence on digital learning fatigue and
its psychological consequences among tertiary students. Its specific objectives are to:

(1) Assess the prevalence and nature of digital learning fatigue across higher education contexts;
(2) Identify individual, pedagogical, and technological factors contributing to fatigue;

(3) Examine psychological and academic outcomes — including anxiety, stress, and performance
effects; and

(4) Explore demographic and contextual moderators such as gender, socioeconomic status, and
learning modality.

This review provides conceptual clarity, informs institutional and pedagogical strategies, and
underscores an ethical imperative: ensuring that the digital transformation of higher education
enhances rather than undermines student wellbeing.

2. Methods

2.1. Review protocol and research questions

This systematic review adhered to the PRISMA 2020 statement [62], ensuring methodological
transparency, reproducibility, and comprehensive reporting. The review protocol was prospectively
registered on the Open Science Framework (OSF). Four research questions guided this review:

1. What is the prevalence and nature of digital learning fatigue among tertiary students?
2. What are the key factors contributing to digital learning fatigue?
3. What are the psychological consequences of digital learning fatigue for tertiary students?

4. How do demographic and contextual variables moderate these effects?

2.2. Search strategy

A comprehensive and systematic search was conducted across Scopus, Web of Science, PubMed,
ERIC, and Google Scholar, covering the period January 2020 to May 2025, corresponding to the
height of digital learning transitions during and after the COVID-19 pandemic. The search combined
controlled vocabulary and free-text terms, including: (“digital learning fatigue” OR “online learning
fatigue” OR “videoconference fatigue” OR “Zoom fatigue”) AND (“university students” OR “college
students” OR “tertiary education”) AND (“psychological impact” OR “mental health” OR “academic
stress”). Boolean operators (“AND”, “OR”) and truncations were applied to enhance precision and
recall. The reference lists of included papers were manually screened, and grey literature (e.g.,
dissertations and conference proceedings) was also examined to ensure comprehensiveness. The
decision to restrict the search to January 2020-May 2025 is conceptually and methodologically
justified. The concept of digital learning fatigue was coined as a specific phenomenon, mainly due to
the unprecedented shift to online and hybrid education worldwide during the COVID-19 pandemic.
The research before 2020 did not systematically or similarly investigate digital learning fatigue, and it
did not work in the long-term, high-intensity digital learning conditions that define the post-pandemic
period. Limiting the review to this time thus guarantees conceptual relevance, covers the entire
course of digital fatigue research since its first appearance and its development after the pandemic,
and increases the comparability of the methods used across studies, which were carried out under
the same technological, pedagogical, and psychosocial circumstances. This period, in turn, enhances
the validity, reproducibility, and interpretive coherence of the review.
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2.3. Inclusion and exclusion criteria

Inclusion criteria:

1. Empirical studies (quantita
analyses examining digital
tertiary students.

tive, qualitative, or mixed-methods) or systematic reviews/meta-
learning fatigue and associated psychological outcomes among

2. Publications in peer-reviewed journals or academic repositories.

3. Studies published in English between January 2020 and May 2025.

Exclusion criteria:

1. Studies focusing exclusively on primary or secondary education.

2. Conceptual papers, editoria

3. Studies lacking sufficient m

2.4. Study selection

Is, or commentaries without empirical data.

ethodological detail for quality appraisal.

All search results were imported into EndNote X9 for reference management, and duplicates were

removed. Screening was conduc
reviewers independently screened

ted in Rayyan, following PRISMA 2020 recommendations. Two
titles and abstracts, followed by full-text assessment of potentially

eligible studies. Discrepancies were resolved by discussion or by consulting a third reviewer. The full
selection process is presented in figure 1 (PRISMA flow diagram).

=

R - s

8 Records identified tbrough Dl s remevad
g database searching (n = 618)

g (n = 2,315) —

=

o Y

E ReCfords screened Records excluded
g (title/abstract) (n = 1,649)

g (n = 1,697) —

(7]

oy B} i -

= Full-text artl.cl'e 5 as Full-text articles excluded
= sessed for eligibility

L0 — 48 (n = 26)

= (Tl = 4 )

< Y

-qc; Studies included in final synthesis

E (n = 22)

Figure 1: Adapted PRISMA flow diagram.
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2.5. Data extraction and synthesis

A structured data extraction form was developed to capture the following variables: author, year,
country, study design, sample size, measurement of digital learning fatigue, psychological outcomes,
and key findings. Extraction was conducted independently by two reviewers to minimise bias. Given
heterogeneity in designs and measures, findings were synthesised using a narrative and thematic
approach. Quantitative findings were aggregated descriptively to illustrate prevalence trends and
correlational patterns, while qualitative findings were thematically analysed to identify recurring
psychosocial themes and coping mechanisms.

2.6. Quality assessment

Quality appraisal was performed independently by two reviewers using validated tools:

1. The Newcastle-Ottawa Scale (NOS) for observational and cross-sectional studies (score range:
0-9).

2. The AMSTAR 2 checklist for any included systematic reviews.

Criteria included sample representativeness, measurement validity, confounding control, and
clarity of reporting. Disagreements were resolved through consensus. Studies scoring >7 on the
NOS were considered high-quality. A summary of quality ratings is provided in table 1.

Table 1
Quality appraisal summary (Newcastle-Ottawa Scale).

Quality category Number of studies (n =22) Percentage Interpretation
High quality (=7) 14 63.6% Robust methodological rigour
Moderate quality (5-6) 6 27.3% Acceptable but some bias risk
Low quality (<5) 2 9.1% Methodological limitations present
3. Results

3.1. Study selection and characteristics

The initial database search yielded 2,315 records. After removal of duplicates (n = 618), 1,697
unique records were screened based on titles and abstracts. Following this stage, 48 full-text articles
were assessed for eligibility. Ultimately, 22 studies met all inclusion criteria and were included in
the final synthesis. The PRISMA flow diagram (figure 1) summarises the selection process. The
included studies were conducted across five global regions — Europe (n = 7), Asia (n = 7), the
Middle East (n = 4), North America (n = 2), and Latin America (n = 2) — and represent diverse
institutional contexts and academic disciplines. Most employed cross-sectional survey designs
(n = 20), complemented by one longitudinal study and one mini-review. Sample sizes ranged from
50 to over 2,000 participants, encompassing undergraduate and postgraduate cohorts.

Table 2: Summary of included studies.

Sample

Study Country size Design Key focus Main findings
Alarabiat [1] Jordan 233 Cross- Online learning Course burden, psychological chal-
sectional  fatigue, intention  lenges, sensory deprivation, and
to continue home environment predict fatigue

and reduce intention to continue.
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S 1 . . .

Study Country aSIiI;E € Design Key focus Main findings
Romero-Rodriguez Spain 613 Cross- Digital fatigue, Medium-high fatigue; higher in
et al. [70] sectional  gender, field of females and arts/humanities stu-

study dents.

Tugtekin [84] Turkey 347  Cross- Factors influencing Information overload, system com-

sectional  online learning plexity, and communication over-
fatigue load predict fatigue; women are
more prone.

Balta-Salvador Spain 1,000+ Cross- Academic/emotional High stress, reduced motivation,

et al. [8] sectional  effects of online negative attitudes toward online
learning learning.

Rutkowska et al. Poland 753 Cross- Mental health 56.4% depressive symptoms;

[72] sectional  during e-learning >80% report irritability and

motivation problems.

Reed [66] USA 50 Survey E-learning fatigue Higher fatigue linked to poorer
in communication learning outcomes and mental
sciences students  health difficulties.

Klimova and UAE 1,000+ Mini- Al screen time, Excessive screen time linked to fa-

Pikhart [45] review digital fatigue tigue, isolation, anxiety, and poor

mental health.

Goldag [32] Turkey 925 Cross- Digital burnout, Positive  correlation between

sectional  stress burnout and perceived stress.

Deniz et al. [26]  Turkey 470  Cross- Zoom/video- Zoom fatigue significantly corre-

sectional  conferencing lated with depression, anxiety, and
fatigue, stress; reduced life satisfaction and
psychological academic wellbeing via psycholog-
distress, academic ical distress (mediation).
wellbeing

Alyoubi et al. [2]  Saudi 582 Cross- Mental health and High rates of self-reported worsen-

Arabia sectional  sleep disruption ing anxiety, depression, and stress;
during pandemic  roughly 32% moderate-or-worse
online learning insomnia, significantly linked to

psychological distress.

Li and Yang [48]  China 618 Cross- Online learning Loneliness during online instruc-

sectional  burnout, tion significantly predicts learning
loneliness, burnout, which in turn reduces
engagement learning engagement.

An et al. [3] China 2,109 Cross- Digital fatigue, Digital fatigue negatively associ-

sectional  academic resilience ated with academic resilience; grit
and flexibility mediate the fatigue—
resilience relationship.

Fridkin et al. [29] UK 177  Longi- Academic stress, Academic stress and learning-

tudinal motivation, and strategy use both worsened mid-
(3-wave coping across an  year before partially recovering;
survey) online-only overall coping-strategy use was

academic year

stable, but maladaptive coping
was significantly elevated among
second-year students specifically.
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Study Country Sasrir;Ele Design Key focus Main findings
Charoenporn et al. Thailand 386  Cross- Zoom/online- 9.6% prevalence of high Zoom
[18] sectional learning fatigue, fatigue; significantly associated

depression with depression (61.9% depres-
sion prevalence overall); more on-
line sessions per day and lower
academic year predicted higher fa-
tigue.

Llanes-Castillo Mexico 184 Cross- Online-class 17.9% met burnout-syndrome cri-

et al. [50] sectional  burnout during teria; emotional exhaustion the
pandemic most affected dimension; signifi-
confinement cantly higher burnout among fe-

male students.

Kim, Kim and South 365 Cross- Screen time, visual Daily digital-device use nearly dou-

Hwang [44] Korea sectional  display terminal bled during the pandemic (from
syndrome 4.8 to 8.1 hours per day); device-

use hours and ergonomic fac-
tors significantly predicted visual
and musculoskeletal fatigue symp-
toms.

Ghanem, Egypt 325 Cross- Videoconference 53.5% experienced high videocon-

Elhussiney and sectional  fatigue, ference fatigue; significantly asso-

Elbadawy [30] psychological ciated with higher stress, anxiety,
morbidities and depression scores.

Inan et al. [40] USA 415 Survey Mental fatigue, Higher coursework demand and
coursework lower learning engagement were
demand, learning  associated with greater mental fa-
engagement tigue among online college stu-

dents.

Ra and Shin [64]  South 300 Survey Academic stress, Coping strategies moderate the im-

Korea coping (Third pact of academic stress on wellbe-
Culture Kid ing in a South Korean Third Cul-
students) ture Kid subpopulation.

Sawant et al. [77] India 346  Cross- Digital fatigue, 71% reported digital fatigue; 73%

sectional  motivation, reported poor motivation to study;
psychological 40% reported anxiety and depres-
health sive symptoms.

de Oliveira Brazil 541 Cross- Online learning 48% overall Zoom-fatigue preva-

Kubrusly Sobral sectional  fatigue, teaching  lence; significantly higher in

et al. [24] methodology hybrid-curriculum students (56%)

than in problem-based-learning
students (41%).

Salim et al. [74] Indonesia 335 Cross- Zoom fatigue risk  Zoom fatigue significantly associ-

sectional factors, sleep, ated with poorer sleep quality and

DASS-21 outcomes

higher stress, anxiety, and depres-
sion (DASS-21); regression model
explained 57% of the variance in
fatigue.

105


https://doi.org/10.55056/etq.1056

Educational Technology Quarterly, Vol. 2026, Iss. 2, pp. 99-128 10.55056/etq.1056

3.2. Prevalence and nature of digital learning fatigue

Across the reviewed literature, digital learning fatigue emerged as a widespread phenomenon, with
prevalence estimates ranging from 45% to 75% among tertiary students. Higher prevalence rates
were often observed in contexts involving extended synchronous learning, heavy screen exposure,
and limited ergonomic environments (e.g., inadequate home study spaces). Common manifesta-
tions included visual fatigue (eye strain, headaches), cognitive exhaustion (difficulty concentrating,
memory lapses), and emotional depletion (irritability, demotivation). Studies consistently reported
that females and students in arts, humanities, and social sciences reported greater fatigue compared
with males and STEM students, possibly reflecting differences in digital workload or communication
demands.

Digital learning fatigue also exhibited cumulative effects: students who engaged in more than
6-8 hours of daily online activity were more likely to report chronic fatigue symptoms. Additionally,
screen-time intensity, lack of social interaction, and information overload were identified as dominant
predictors of fatigue severity [44, 84].

3.3. Psychological consequences of digital learning fatigue

Across the 22 included studies, digital learning fatigue was consistently associated with a spectrum
of psychological, cognitive, and behavioural consequences. Nearly all studies (95%) reported at
least one adverse psychological outcome, indicating a pervasive mental health dimension to digital
learning fatigue among tertiary students.

3.3.1. Emotional and mental health impacts

The most frequently reported psychological outcomes were anxiety (68%), stress (64%), and depres-
sive symptoms (55%). These emotional disturbances were often interlinked with prolonged screen
exposure, cognitive overload, and social isolation during online instruction [2, 50, 72]. For instance,
Rutkowska et al. [72] found that over 56% of Polish university students reported depressive symp-
toms during sustained e-learning periods, while more than 80% described increased irritability and
nervousness. Similarly, Alyoubi et al. [2] identified elevated anxiety, depressive symptoms, and sleep
disruption — with roughly a third of students reporting at least moderate insomnia — among Saudi
students during pandemic online learning. The chronicity of fatigue appeared to intensify emotional
dysregulation, with several studies noting cyclical relationships between perceived exhaustion and
mental distress. Students reporting higher fatigue scores were significantly more likely to exhibit
depressive mood, frustration, and social withdrawal [48, 70].

3.3.2. Cognitive and academic consequences

Digital learning fatigue also demonstrated measurable cognitive repercussions, including attention
deficits (59%), reduced motivation (73%), and declines in academic performance (50%). Studies
such as Li and Yang [48] found that loneliness during online instruction fostered learning burnout
and, in turn, reduced learning engagement, while An et al. [3] linked higher digital fatigue to
diminished academic resilience (mediated by grit and flexibility). Fatigue undermined self-regulated
learning processes by diminishing focus, time management, and intrinsic motivation. Balta-Salvador
et al. [8] and Deniz et al. [26] reported significant associations between digital or Zoom fatigue
and reduced academic wellbeing and motivation, confirming that fatigue is not only psychological
but also cognitively disabling. Persistent exposure to video conferencing platforms (e.g., Zoom, MS
Teams) produced “Zoom fatigue”, characterised by mental saturation, communication overload, and
decreased participation quality. This aligns with Reed [66], who found that students experiencing
high video-conferencing fatigue exhibited greater cognitive strain and poorer learning retention.
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3.3.3. Behavioural and psychosocial manifestations

Approximately 60% of studies documented behavioural or social impacts of digital fatigue. These
included sleep disturbances (45%), social withdrawal (40%), and avoidance coping behaviours (36%).
Students often responded to persistent fatigue by adjusting their coping and study-engagement
strategies [29, 64]. Notably, gender differences and discipline-based disparities were consistent
findings: female students and those in humanities and social sciences were significantly more prone to
emotional exhaustion, whereas adaptive coping strategies and more manageable coursework demands
appeared to buffer these effects [40, 64]. Moreover, several studies observed that psychological
resilience, time management skills, and social support mitigated the adverse impact of fatigue. Inan
et al. [40] highlighted that greater learning engagement and more manageable coursework demands
were associated with lower mental fatigue, underscoring the moderating role of individual and
contextual resources.

3.3.4. Synthesis of patterns

Synthesising across the studies, digital learning fatigue manifests as a multidimensional syndrome
encompassing emotional, cognitive, and behavioural domains (table 3). While its short-term effects
include momentary disengagement and frustration, sustained fatigue contributes to long-term psy-
chological strain, notably heightened anxiety, demotivation, and academic burnout. Moreover, a
consistent moderating pattern emerged: high screen exposure, gender (female), and humanities
disciplines amplify fatigue, whereas psychological resilience and adaptive coping serve as protective
factors. The interdependence among these variables suggests that digital learning fatigue is not
merely a transient response to online environments but a systemic challenge that requires structural
and pedagogical interventions in higher education.

Table 3
Summary of psychological consequences reported across studies (n = 22).
. Studies .
Domain Common outcomes . Percentage (%) Representative references
reporting (n)

Emotional / Anxiety, stress, 15 68% Alyoubi et al. [2];

affective depressive symptoms, Rutkowska et al. [72];
irritability Llanes-Castillo et al. [50]

Cognitive / Attention loss, low 16 73% An et al. [3]; Deniz et al.

academic motivation, poor [26]; Balta-Salvador et al.
performance, [8]
disengagement

behavioural / Sleep disturbance, 13 59% Li and Yang [48]; Fridkin

psychosocial social isolation, etal. [29]; Ra and Shin [64]
avoidance coping

Protective / Resilience, coping, time 7 32% Inan et al. [40]; Ra and Shin

moderating management, social [64]

factors support

3.4. Moderating factors and cross-cultural variations

While digital learning fatigue presents as a global phenomenon, the reviewed studies reveal substantial
variation across demographic and contextual factors. The analysis identified four primary moderators
influencing the intensity and psychological impact of fatigue: gender, academic discipline, screen
time exposure, and psychological resilience. Additionally, cross-regional differences suggest that
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technological infrastructure and institutional preparedness shaped the degree of fatigue experienced
during the digital learning transition.

3.4.1. Gender differences

Gender consistently emerged as a significant moderating variable. Approximately 64% of the
included studies (n = 14) found that female students reported higher levels of fatigue, stress, and
emotional exhaustion than males [50, 70, 84]. The reasons cited include greater emotional labour in
virtual collaboration, multitasking pressures in home environments, and increased self-perceived
performance demands. Male students, by contrast, reported relatively greater cognitive fatigue but
lower emotional distress.

3.4.2. Academic discipline and learning context

The field of study also moderated fatigue severity. Students in arts, humanities, and social sciences
consistently reported higher fatigue than those in STEM disciplines [8, 70]. This pattern likely reflects
heavier discussion-based coursework and sustained synchronous engagement. Discipline-specific
pedagogies further intensified fatigue: courses emphasising constant online interaction, camera
use, and creative collaboration were associated with higher emotional exhaustion and burnout.
Conversely, technology-oriented disciplines appeared to benefit from greater digital literacy and task
autonomy, reducing fatigue susceptibility.

3.4.3. Screen exposure and learning load

Across 80% of studies, screen exposure (hours of daily online activity) was the strongest predictor of
digital learning fatigue. Students spending 6-8+ hours online daily reported substantially higher
visual strain, cognitive overload, and burnout symptoms [3, 44]. High course load, frequent assess-
ments, and back-to-back video conferencing sessions contributed to what several authors described
as “digital cognitive congestion”. Moreover, environmental factors, such as inadequate workspace
ergonomics and unstable internet connectivity, further exacerbated fatigue in developing regions
[2, 30].

3.4.4. Resilience and coping mechanisms

Individual psychological resilience, coping strategies, and social support emerged as protective
moderators, attenuating the relationship between fatigue and adverse psychological outcomes. Inan
et al. [40] demonstrated that higher learning engagement and lower coursework demand were
associated with reduced mental fatigue among online college students. Similarly, Ra and Shin [64]
and Fridkin et al. [29] found that coping strategies shaped students’ fatigue and stress trajectories,
with adaptive coping associated with better adjustment over the academic year. These findings
underscore that interventions that foster resilience and adaptive coping behaviours may mitigate the
psychological toll of digital fatigue.

3.4.5. Cross-cultural variations

Cross-regional differences revealed contextual dependencies in the prevalence and severity of digital
fatigue. Students in Asia and the Middle East tended to report higher fatigue intensity than those in
Europe or North America, possibly reflecting disparities in digital readiness and socio-environmental
conditions [2, 3]. European studies (e.g., Spain, Poland) highlighted emotional exhaustion and
motivation loss as dominant symptoms, while Asian samples emphasised cognitive overload and sleep
disruption. North American studies stressed resilience and coping as mitigating factors, highlighting
cultural differences in adaptive behaviours and institutional support systems.
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3.4.6. Integrative summary

Synthesising across moderators, it is evident that digital learning fatigue is a multifactorially de-
termined phenomenon, shaped by both individual-level (gender, resilience) and contextual-level
(discipline, region, digital infrastructure) factors (table 4). The data suggest that screen exposure
remains the most consistent determinant, while resilience represents a modifiable protective factor.
Culturally adaptive pedagogical models, balanced digital workloads, and institutional support systems

are thus essential to mitigate fatigue and its psychological consequences globally.

Table 4
Moderating factors influencing digital learning fatigue.
Moderator Direction of effect Ev1denc<: Repljese:ntatlve Represer'ltatlve
strength findings studies
Gender Higher fatigue Strong Women report higher Romero-Rodriguez et al. [70];
among females; (14/22 stress and sensory Tugtekin [84]; Llanes-Castillo
greater emotional studies) overload et al. [50]
exhaustion
Academic Arts/Humanities > Moderate  Discussion-heavy and Balta-Salvador et al. [8];
discipline STEM in fatigue (10/22) synchronous disciplines Romero-Rodriguez et al. [70]
levels exacerbate fatigue
Screen Longer screen hours  Strong 6-8+ hrs/day linked Kim, Kim and Hwang [44]; An
exposure / increase fatigue and (18/22) with visual, cognitive, et al. [3]; Ghanem, Elhussiney
course load  psychological strain and emotional fatigue and Elbadawy [30]
Resilience /  Higher resilience Moderate  Resilience buffers Inan et al. [40]; Ra and Shin
coping and coping reduce (7/22) mental health decline; [64]
fatigue intensity coping improves
engagement
Cultural Developing regions  Emerging Infrastructure Alyoubi et al. [2]; An et al. [3]
context / show higher fatigue (6/22) limitations and learning
region intensity stress amplify fatigue

* Evidence strength reflects the proportion of studies reporting statistically or thematically significant moderating effects.

3.5. Summary of main findings and emerging research gaps

The synthesis of 22 studies revealed that digital learning fatigue is a pervasive and multifaceted chal-
lenge among tertiary students, characterised by intertwined psychological, cognitive, and behavioural
consequences. Across global contexts, fatigue prevalence ranged from 45% to 75%, reflecting its
systemic association with prolonged digital engagement and pandemic-driven pedagogical shifts.

3.5.1. Integrated summary of findings

Collectively, the evidence indicates that digital learning fatigue manifests through a tripartite pattern
of effects:

1. Psychological strain — high levels of anxiety, stress, and depressive symptoms, exacerbated by
emotional and social isolation.

2. Cognitive depletion — reduced concentration, motivation, and self-regulated learning capacity,
contributing to diminished academic performance.

3. Behavioural disengagement — avoidance behaviours, disrupted sleep patterns, and withdrawal
from online communities.
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Furthermore, the review underscores the moderating roles of gender, discipline, screen time, and
resilience, showing that these variables can either amplify or buffer fatigue intensity. Cross-cultural
analyses revealed differential fatigue manifestations: students in digitally mature contexts reported
more adaptive coping, while those in developing regions experienced more pronounced psychological
strain due to limited infrastructure and pedagogical flexibility.

3.5.2. Emerging research gaps

Despite substantial evidence, several gaps and inconsistencies remain:

1. A lack of longitudinal and experimental studies limits causal understanding of digital fatigue
trajectories and recovery mechanisms.

2. Inconsistent measurement tools hinder cross-study comparability, as few studies employ stan-
dardised fatigue instruments.

3. Limited research explores neurocognitive or physiological correlates (e.g., sleep biomarkers,
attentional metrics).

4. The role of institutional design — particularly course structure, instructor digital competence,
and hybrid learning models — remains underexplored.

5. Very few studies have examined the efficacy of interventions, such as digital wellness training
or ergonomic redesigns.

Future research should therefore integrate multimodal approaches, combining quantitative, quali-
tative, and psychophysiological data to deepen understanding and inform evidence-based mitigation
strategies.

3.5.3. Summary Interpretation

The findings consolidate digital learning fatigue as a global psychological and pedagogical concern that
transcends cultural and disciplinary boundaries. Its consistent linkage to mental strain, motivation
loss, and engagement decline underscores the urgent need for evidence-based strategies — including
balanced workload design, resilience training, and digital ergonomics — to safeguard student wellbeing
in increasingly virtualised academic ecosystems (table 5).

4. Discussion

This comprehensive review synthesised evidence from 22 empirical studies examining digital learning
fatigue and its psychological implications among tertiary students across diverse geographical contexts.
The findings reveal a persistent, multidimensional phenomenon with significant consequences for
student wellbeing, academic performance, and the future of higher education delivery. The review
demonstrated moderate to high prevalence rates of digital learning fatigue across multiple countries,
confirming that this issue transcends geographical and cultural boundaries. Particularly concerning
is that a substantial proportion of university students reported depressive symptoms following
prolonged e-learning, with over 80% experiencing anxiety, irritation, and motivation difficulties.
These prevalence rates considerably exceed pre-pandemic estimates of student mental health concerns,
which typically ranged between 30-40% for anxiety and depression [6, 49], suggesting that digital
learning fatigue represents a distinct and additional burden beyond pre-existing mental health
vulnerabilities. The consistency of findings across culturally diverse contexts — spanning Europe,
the Middle East, and Asia — indicates that digital learning fatigue is not exclusively a Western
phenomenon. Unexpectedly, studies from Middle Eastern and Asian contexts reported equivalent or
higher fatigue levels than Western samples, challenging assumptions that collectivist cultures with
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Table 5

Thematic summary of key findings and research gaps.

10.55056/etq.1056

Thematic
domain

Core findings

Identified gaps

Future research directions

Prevalence and
nature

Psychological
consequences

Cognitive and
academic effects

behavioural
manifestations

Moderating
factors

Institutional and
technological
context

Methodological
rigour

Fatigue prevalent among
45-75% of tertiary students;
manifests as emotional,
cognitive, and visual
exhaustion

High levels of anxiety (68%),
stress (64%), and depressive
symptoms (55%)

Reduced motivation (73%)
and engagement; lowered
academic performance
(50%)

Sleep disruption (45%),
avoidance coping (36%),
and social withdrawal

Gender, screen exposure,
and discipline increase risk;
resilience buffers effects

Fatigue amplified in
low-infrastructure or
high-load digital settings

Most studies cross-sectional,
moderate-to-high quality
(63% NOS > 7)

Limited longitudinal
tracking of fatigue
progression

Sparse use of standardised
diagnostic tools

Few experimental designs
to test causal direction

Underexplored interaction
between fatigue and social
connectedness

Weak cross-cultural
validation of moderators

Scarce evaluation of
institutional or
instructional design factors

Lack of meta-analytic
quantification and
mixed-method integration

Long-term studies to assess
persistence and adaptation
over semesters

Employ validated scales (e.g.,
DASS-21, PSS) for cross-
comparison

Conduct controlled studies
linking fatigue with perfor-
mance metrics

Examine digital fatigue’s in-
fluence on online community
participation

Develop culturally sensitive
models of fatigue prediction
and resilience

Test interventions such as re-
duced synchronous load or
digital hygiene training

Encourage meta-analyses
and mixed-method triangu-
lation to consolidate findings

stronger family support systems might buffer against isolation-related distress. This universality may
reflect underlying human cognitive and social needs that technology-mediated learning addresses
inadequately, regardless of cultural context.

The multidimensional nature of digital learning fatigue — encompassing physical, cognitive, emo-
tional, and social dimensions — distinguishes it from general academic stress or traditional forms of
student burnout. While burnout has been conceptualised primarily through emotional exhaustion,
depersonalisation, and reduced accomplishment [52], digital learning fatigue additionally incorpo-
rates sensory and physiological components directly attributable to screen-based interaction. This
unique constellation suggests existing theoretical frameworks for understanding student distress
require augmentation to accommodate technology-specific stressors.

While cognitive load theory [82] adequately explains the cognitive exhaustion component through
concepts of intrinsic, extraneous, and germane load, it proves insufficient as a comprehensive ex-
planatory framework. The current findings suggest digital learning fatigue operates through multiple
mechanisms simultaneously: cognitive resource depletion (cognitive load theory), psychological
need frustration (self-determination theory [73]), and cumulative resource loss (conservation of
resources theory [36]). This theoretical complexity has practical implications: interventions focusing
solely on reducing cognitive load address only one dimension of a multidimensional problem.

The identification of course overload and poor instructional design as primary contributors aligns
with multimedia learning research emphasising coherence, signalling, and segmentation to reduce
cognitive load [17, 54]. However, findings extend beyond simple cognitive overload to encompass
motivational and emotional dimensions. Courses lacking meaningful instructor presence, timely feed-
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back, and peer interaction generated not only cognitive strain but also feelings of disconnection and
diminished self-efficacy, supporting self-determination theory’s premise that learning environments
that satisfy psychological needs for autonomy, competence, and relatedness foster intrinsic motivation
and wellbeing [73]. Notably, synchronous video conferencing, while intended to replicate classroom
interaction, often exacerbated rather than alleviated fatigue. Recent frameworks explaining video-
conference fatigue through excessive eye contact, cognitive load from self-view, restricted mobility,
and increased nonverbal processing demands provide a mechanistic understanding [7, 69]. The
identification of scopophobia, anxiety related to being observed during videoconferences as a distinct
digital learning stressor, constitutes an important finding, suggesting that “cameras off” policies may
actually reduce psychological burden and facilitate learning for some student populations.

The importance of the home learning environment as a contributing factor underscores how digital
learning blurs previously distinct life domains. Border theory suggests that forced integration of work
and home domains produces role conflict and stress [21]. Students lacking dedicated study spaces
experienced “boundary violations”, disproportionately affecting students from lower socioeconomic
backgrounds, those in crowded households, and international students in challenging time zones
[56]. Systemic factors, such as information overload, platform complexity, and proliferation of
communication channels, contributed significantly to fatigue. The rapid expansion of digital tools
during emergency remote teaching created a “paradox of choice”, where excessive options overwhelm
rather than empower users [43], suggesting that strategic curation and integration of platforms may
enhance rather than constrain learning opportunities.

The substantial associations between digital learning fatigue and depression, anxiety, and stress
raise critical questions about directionality and causality. While the cross-sectional nature of included
studies prevents definitive causal claims, theoretical and empirical evidence suggest bidirectional
relationships. This bidirectionality indicates that students enter potentially self-perpetuating cycles
in which fatigue and psychological distress mutually reinforce one another — termed “loss spirals”
within conservation of resources theory [36]. The absence of longitudinal studies reflects a critical
gap, as understanding temporal dynamics is essential for identifying intervention points. Importantly,
psychological implications extended beyond clinical symptoms to encompass subclinical impairments
in daily functioning, indicating that digital learning fatigue constitutes a public health concern
affecting broad student populations. The reported association with academic impairment aligns with
research showing cognitive fatigue impairs attention, working memory, and executive functioning
[46], while also eroding the motivational and affective foundation of engaged learning through
reduced intrinsic motivation, cynical attitudes, and diminished self-efficacy — key components of
academic burnout [76].

The consistent finding that female students reported higher digital learning fatigue demands
careful interpretation. Research suggests that women experience greater videoconference fatigue,
partly due to “self-focused attention” induced by self-view, which affects them more intensely due to
socialisation around appearance [27]. Additionally, women disproportionately assume caregiving
and domestic responsibilities, which creates greater work-family conflict when learning from home
[22]. Addressing this disparity requires multilevel interventions that extend beyond educational
technology design.

Students in arts, humanities, and practice-based fields exhibited heightened fatigue, illustrating
the concept of “pedagogical fit” between subject matter and delivery medium. Disciplines relying
on hands-on learning, collaborative creation, physical materials, and embodied practice suffered
particularly acute losses in transitioning to digital formats, challenging one-size-fits-all approaches.
Socioeconomic disparities emerged as critical moderators. Students without reliable internet connec-
tivity, adequate devices, or private study spaces exhibited compounded disadvantage. The digital
divide thus operates at multiple levels: access to technology, ability to use technology effectively, and
capacity to benefit from technology [87]. Digital learning risks exacerbating existing inequalities by
imposing technology-related barriers disproportionately on marginalised students [78].

Evidence suggests numerous practical interventions. Courses should incorporate asynchronous
options wherever feasible, reducing mandatory synchronous screen time while maintaining social
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connection [42]. Synchronous sessions should be limited in duration (45-50 minutes maximum),
include frequent breaks, and allow “cameras off” participation. Assessment should shift toward
authentic, flexible formats that reduce high-stakes anxiety while preserving academic rigour [88].
Instructors should receive professional development in trauma-informed pedagogy, recognising that
many students carry pandemic-related trauma requiring compassionate, flexible approaches [16].
Institutionally, universities should establish maximum screen time guidelines for course design, adopt
fewer well-integrated platforms, expand digital mental health resources, and routinely monitor
student wellbeing using brief, validated instruments [57]. Accreditation bodies and government
agencies should establish minimum standards for digital learning quality that explicitly incorporate
student wellbeing alongside academic outcomes. The development of standardised measurement tools
and longitudinal research examining temporal dynamics represents critical priorities for advancing
this field and informing evidence-based interventions.

4.1. Limitations and future research directions

Several methodological constraints impede the interpretation of this review’s conclusions. First,
the complete dependence on cross-sectional designs across all 22 included studies limits causal
inference. While connections between digital learning elements and psychological effects are obvious,
directionality remains uncertain. Longitudinal studies following students throughout semesters or
academic years are urgently needed to establish temporal sequences, identify important moments
of vulnerability, and evaluate whether weariness lessens with adaptation or accumulates over time
[58]. Second, the strong reliance on self-report measures introduces potential biases, including
social desirability, recall errors, and common method variance [63]. Future research should combine
objective measures, such as learning analytics tracking real screen time, physiological indicators
of stress (cortisol, heart rate variability), and performance-based cognitive assessments, alongside
self-reports to provide convergent validation.

Third, sampling procedures across the included studies varied widely, with several adopting
convenience samples of limited generalizability. Few studies obtained representative samples across
demographic characteristics, including race/ethnicity, handicap status, socioeconomic background,
or first-generation college status. The voices of the most marginalised students — those who may
have withdrawn from education entirely due to digital learning challenges — are necessarily omitted
from studies capturing solely currently enrolled students. Future research should stress inclusive
recruitment and specifically investigate minority populations’ experiences. Also, the prevalence of
studies from certain regions (Europe, the Middle East, Asia) and their limited representation of
Africa, South America, and indigenous populations limits global generalizability. Cultural variance
in technology uptake, educational beliefs, family structures, and coping methods likely moderates
digital learning experiences in ways present studies cannot reveal [38].

The absence of a uniform, validated instrument for detecting digital learning fatigue across
included research hinders synthesis and limits comparability. Future research should prioritise
psychometric development and validation of a Digital Learning Fatigue Scale demonstrating reliability,
factorial validity, measurement invariance across demographic groups, and sensitivity to change
following interventions. Such a device would enable meta-analytic synthesis and exact effect-size
calculation, currently unattainable with heterogeneous measurement methodologies. Additionally,
clearer conceptual boundaries across similar constructs — digital learning fatigue, technostress,
academic burnout, Zoom fatigue — need to be established. At the same time, many phenomena
overlap; their distinctions are significant for theoretical comprehension and for targeting interventions.
Construct validation research applying confirmatory factor analysis and analysing discriminant validity
among related factors would improve the discipline greatly [20].

The field urgently needs rigourous intervention research employing randomised controlled trials or
quasi-experimental designs to provide evidence-based practices for preventing and minimising digital
learning fatigue. Promising intervention targets include: pedagogical modifications (comparing
asynchronous vs. synchronous modalities, evaluating optimal session durations, testing different
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assessment formats); technological solutions (evaluating user interface designs, comparing plat-
form features, testing communication management tools); psychological interventions (mindfulness
training, cognitive-behavioural strategies, peer support programs); and systemic changes (policy
implementations, schedule modifications, support service enhancements). Such intervention research
should combine implementation science frameworks to understand not only whether treatments
operate in ideal settings but also how they function in real-world educational environments with lim-
ited resources and competing goals [60]. Process assessments that address implementation integrity,
contextual factors that determine success, and stakeholder views would provide vital insights for
scaling effective techniques.

4.2. Emerging research questions
Several specific research questions emerge as priorities:

1. Temporal dynamics: Does digital learning fatigue follow predictable patterns across academic
terms, with fatigue accumulating toward midterms and finals, or does it plateau after initial
adaptation?

2. Recovery processes: What activities, durations, and types of breaks effectively restore resources
depleted by digital learning? Do screen-free activities differ in restorative potential from
low-demand screen activities?

3. Individual differences: Beyond demographic variables, what personality traits, cognitive styles,
or coping strategies protect against or exacerbate digital learning fatigue?

4. Technological innovations: Can emerging technologies — virtual reality, artificial intelligence,
adaptive learning systems — reduce fatigue through more engaging, personalised experiences,
or do they add complexity and cognitive burden?

5. Implications for policy and practice

The results of this review highlight the importance of educational institutions increasing their
implementation of evidence-based, institution-wide practises that acknowledge digital learning
fatigue as a pedagogical quality concern and a student wellbeing necessity. The reported cognitive,
emotional, and behavioural effects indicate that digital fatigue is not a temporary inconvenience but
a structural problem that should be addressed through curriculum design, workload regulation, and
student support systems.

Curriculum and instruction-wise, universities must encourage equal consideration of synchronous
and asynchronous learning and ensure that digital workloads are carefully designed to minimise
excessive screen time and cognitive load. The courses must be designed with shorter synchronous
sessions, content segmentation, and self-paced learning opportunities that align with cognitive load
principles. Teachers need specific professional training in digital pedagogy, trauma-informed teaching,
and building a psychologically supportive online space.

Institutional level requires strong student-support systems. Universities need to increase access to
mental health services, digital wellbeing resources, and resilience-building programmes that support
virtual learning. The policies of workload regulation, including the maximum recommended number
of hours of synchronous instruction per week and the minimum time between online sessions, should
be formalised to avoid cumulative fatigue. Institutions should also rationalise the number of learning
platforms and communication channels used to simplify technology and reduce information overload.

Policy reform is centred on equity. The review points out that students with socioeconomic
disadvantages, poor home learning conditions, or unstable connectivity suffer disproportionate
fatigue. The institutions should thus focus on programmes such as device loan schemes, data support
subsidies, convenient, ergonomic campus spaces, and inclusive design that supports learners with
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different needs. By integrating these structural protective measures into digital learning ecosystems,
universities can significantly reduce the psychological impact of long-term online interaction and
create sustainable, human-centred digital learning.

6. Conclusion

This systematic review establishes digital learning fatigue as a pervasive, multifactorial, and psy-
chologically consequential condition among tertiary students worldwide. Synthesised evidence
from 22 empirical studies demonstrates that sustained digital engagement, particularly prolonged
synchronous instruction and heavy screen exposure, precipitates intertwined emotional distress, cog-
nitive depletion, and behavioural withdrawal. The phenomenon extends beyond temporary pandemic
disruption to represent an enduring structural challenge within hybrid and online higher education.
Gender, discipline, and screen-time exposure consistently heightened vulnerability, whereas resilience,
coping strategies, and institutional support moderated adverse outcomes. These findings validate an
ecological model of DLF encompassing individual (self-efficacy, mental health), pedagogical (course
design, assessment load), technological (platform complexity), and contextual (home environment,
infrastructure) determinants.

Universities should therefore treat digital fatigue as both a pedagogical quality issue and a public
health priority, embedding fatigue-prevention criteria into instructional design, workload policy,
and student wellbeing systems. Future research must move beyond cross-sectional observation
toward longitudinal and intervention-based studies that test causal pathways and evaluate remedial
effectiveness. Developing a psychometrically robust Digital Learning Fatigue Scale that integrates
physiological indicators and examines cultural variations will enhance theoretical precision and
practical applicability. Ultimately, mitigating digital learning fatigue is central to ensuring that higher
education’s digital transformation remains human-centred, inclusive, and psychologically sustainable.
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A. Supplementary material

A.1. Full search strategy

A comprehensive multi-database search was conducted across Scopus, Web of Science, PubMed,
ERIC, and Google Scholar, covering January 2020 — May 2025, as reported in the manuscript.
Core boolean search string (as used across all databases)

(“digital learning fatigue” OR “online learning fatigue” OR “videoconference fatigue” OR “Zoom
fatigue”)
AND
(“university students” OR “college students” OR “tertiary education”)
AND
(“psychological impact” OR “mental health” OR “academic stress”)
Databases and coverage
* Scopus (Jan 2020-May 2025)
* Web of Science Core Collection (Jan 2020-May 2025)
* PubMed/MEDLINE (Jan 2020-May 2025)

* ERIC (Jan 2020-May 2025)
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* Google Scholar (first 300 search results screened)

Additional search methods
* Manual screening of reference lists for all included studies.

* Grey literature screening (conference proceedings, institutional reports, dissertations).

Search execution dates

All searches were executed between April 20 and May 25, 2025.

A.2. PRISMA 2020 selection flow

Stage Number
Records identified 2,315
Records after duplicates removed 1,697
Records screened (title/abstract) 1,697
Full-text articles assessed 48
Full-text excluded 26

Studies included in final synthesis 22

A.3. Data extraction framework

Variables extracted:

* Author(s), year

¢ Country

* Sample size

* Study design

* Measurement instrument for digital learning fatigue

* Psychological outcomes (anxiety, stress, depression, etc.)

* Academic outcomes

* Moderating factors (gender, discipline, resilience, screen time)
* Key findings

* Quality appraisal score (NOS)

Two reviewers independently extracted all data.

A.4. Summary of excluded full-text studies
A.5. Detailed description of data synthesis process
* Narrative synthesis used due to heterogeneous methods.
* Quantitative results aggregated descriptively.
* Qualitative themes analyzed using inductive thematic analysis.

* Integration conducted via mixed-methods convergence.
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Table 6

Reasons for full-text exclusion (n = 26).

10.55056/etq.1056

Reason

Number excluded

Not tertiary population
No empirical data (commentary/editorial)
Insufficient methodological detail

Wrong outcomes (not digital learning fatigue)

Duplicate dataset / overlapping sample

w AN 1O

A.6. PRISMA-ScR / PRISMA-2020 compliance

* Protocol registered in OSE

* Full search strategy provided (section A.1).

* Flow diagram numerics provided (section A.2).

e Characteristics of studies (table 2).

* Critical appraisal (section 2.6).

» Synthesis of results (section 3).

* Funding: None.

* Conflicts: None.

A.7. PRISMA-ScR Checklist

. PRISMA-ScR
Section Item checklist requirement Reported on page(s)
TITLE 1 Identify the report as a scoping or Title page (p. 99)
systematic review.
ABSTRACT 2 Structured summary: background, Abstract (p. 99)
objectives, eligibility criteria, sources
of evidence, methods, results,
conclusions.
INTRODUCTION 3 Rationale for the review and context  Introduction (p. 99-101)
of existing knowledge.
4 Explicit statement of review p. 101 (4 research questions)
questions/objectives.
METHODS 5 Protocol existence, registration p. 101 — protocol registered in OSE

details, location (e.g., OSF).

6 Eligibility criteria (with justification).

7 Information sources: list all

databases, coverage dates, and search

execution date.

8 Full electronic search strategy for at

least one database.

9 Study selection process: screening,
eligibility, flow diagram.

10 Data charting process: extraction
forms, independent review.

11 List and define data items extracted.

p- 102 (inclusion and exclusion criteria)
p- 101 (Scopus, WoS, PubMed, ERIC,
Google Scholar; Jan 2020-May 2025)

Supplementary material, section A.1

p. 102 + PRISMA diagram (figure 1)

p. 103 (structured form; two independent
reviewers)

p- 103 (variables listed: author, year,
country, outcomes, measures, etc.)
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Section Item PI.HSMA-SCR Reported on page(s)
checklist requirement
12 Critical appraisal rationale and p. 103 (NOS used; AMSTAR-2 for re-
method (if done). views)
13 Methods for handling and p. 103 (Narrative/thematic synthesis)
summarizing charted data.
RESULTS 14  Numbers screened, excluded, and p- 103 + PRISMA data: 2,315 — 1,697
included (with reasons). — 48 — 22.
15  Characteristics of included sources. p. 103-106 + table 2.
16  Critical appraisal of included sources  p. 103 + table 1: 14 high-quality, 6 mod-
(if applicable). erate, 2 low.
17  Results of individual sources of p- 103-106 + table 2.
evidence (per study findings).
18  Synthesis of results: aggregated p- 106-110 (prevalence, psychological
patterns. outcomes, moderating factors).
DISCUSSION 19  Summary of evidence: themes, types p. 110-113 (comprehensive discussion
of evidence, link to review questions, section).
relevance.
20  Limitations of the review processes. p. 113-114 (Methodological limitations
described).
21 Conclusions: interpretation of results, p. 115 (conclusion section)
implications, next steps.
FUNDING 22 Sources and role of funders. p- 115 — no funding received.

A.8. Additional PRISMA 2020 requirements

Information sources clearly identified as: Scopus, Web of Science, PubMed, ERIC, Google Scholar.

Synthesis methods

e Mixed narrative + thematic.

* Descriptive prevalence synthesis.

* Thematic analysis for qualitative patterns.

Reporting bias assessment addressed through NOS and AMSTAR-2 quality checks.
Availability of data stated in manuscript: “Contact corresponding author”.

A.9. Full-text articles excluded with reasons (n = 26)

Table 7

Reasons for full-text exclusion

Exclusion reason Description Number excluded

Wrong population Studies focusing on primary/secondary school students instead 8
of tertiary students.

Not empirical Editorials, commentaries, conceptual papers, or narrative opinion 6

research pieces with no empirical data.

Insufficient Studies lacking adequate design detail, measures, or sample 5

methodology information for quality appraisal.

Wrong outcome Studies not assessing digital learning fatigue or its psychologi- 4
cal/academic consequences.

Duplicate or Multiple reports using the same participants, institution, or 3

overlapping datasets dataset.

During screening, full-text exclusions were conducted by two reviewers, and discrepancies resolved

by discussion.
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A.10. Complete data extraction form

Table 8: Data extraction table (based on 22 included studies).

Study Year Country Sample Design DLF Psycho- Academic Mode- Key findings

mea- logical /behavio- rators
sure out- ural
comes out-
comes

Alarabiat 2024 Jordan 233  Cross-  Self- Anxiety, = Lower Home  Fatigue

[1] sec. report  cognitive intention env. predicted
quest.  load to continued-
continue use inten-
tions.
Romero- 2023  Spain 613  Cross- Digital Stress, - Gender, Females and
Rodriguez sec. fatigue emotional disci- arts students
et al. [70] scale exhaust. pline had highest
fatigue.
Tugtekin 2023  Turkey 347 Cross- Online Emotional Perfor- Gender Info. and
[84] sec. fatigue strain mance comm. over-
metrics decline load predict
fatigue.
Balta- 2021 Spain 1,000+ Cross- Acade- Stress Motivation DisciplineHigh stress;
Salvador sec. mic/emo- decline negative
et al. [8] tional learning
scale attitudes.
Rutkowska 2022 Poland 753  Cross- Mental Depressive Motivation Socio-  Severe
etal. [72] sec. health (56.4%), decline economic emotional
quest. irritability disturbance
(>80%) in e-learning.
Reed [66] 2022 USA 50 Survey  Self- Mental Poor - High fatigue
report  health learning predicts low
outcomes learning.

Klimova 2025 UAE 1,000+ Mini- Concep- Anxiety  Isolation Techno- Excessive

and Pikhart review tual logy screen time
[45] increases
fatigue.
Goldag 2022  Turkey 925 Cross- Burnout Stress Burnout - Burnout cor-
[32] sec. /fatigue relates with
scale perceived
stress.
Deniz et al. 2022 Turkey 470  Cross-  ZEFS Depression, Lower Distress Zoom fatigue
[26] sec. (Zoom  anxiety, academic (media- linked to dis-
fatigue) stress wellbeing tor) tress; distress
mediates
wellbeing.
Alyoubi 2021 SaudiAr. 582 Cross- PHQ-9/ Anxiety, Sleepdis- - Distress wors-
etal. [2] sec. GAD-7/ depres- turbance, ened; insom-
PSS/ISI sion, insomnia nia linked to
stress distress.
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Study Year Country Sample Design DLF Psycho- Academic Mode- Key findings

mea- logical /behavio- rators
sure out- ural
comes out-
comes
Li and Yang 2025 China 618  Cross- Learning- Loneliness, Reduced Lone-  Loneliness
[48] sec. burnout burnout engage- liness drives
scale ment burnout,
lowering
engagement.
An et al. 2025 China 2,109 Cross- Digital - Lower Grit, Fatigue low-
[3] sec. fatigue academic flexibil- ers resilience;
scale resilience ity grit/flexibility
mediate.
Fridkin 2023 UK 177  Longitud. Stress/ Academic Learning- Year of Stress peaked
et al. [29] coping  stress strategy ~ study  mid-year;
(3- use year-2 mal-
wave) decline adaptive
coping
higher.
Charoenporn 2024 Thailand 386 Cross- Thai Depression — Sessions 9.6%  high
etal. [18] sec. ZEFS + /day, Zoom fatigue;
PHQ-9 year linked to
depression.
Llanes- 2022 Mexico 184 Cross- MBI-SS Emotional Burnout Gender Women
Castillo sec. (burnout) exhaus- syndrome higher
et al. [50] tion (17.9%) burnout;
exhaustion
most affected.
Kim, Kim 2024 S. Korea 365 Cross- VDT - Visual/ Ergono- Device use
and Hwang sec. symp- musculo-  mics, 4.8h to
[44] tom skel. screen  8.1h/day;
survey fatigue hrs predicts VDT
syndrome.
Ghanem, 2022 Egypt 325 Cross- Video-  Stress, - Meeting 53.5% high
Elhussiney sec. conf. anxiety, dura- VC fatigue;
and fatigue depres- tion, linked to
Elbadawy scale sion er- distress.
[30] gonomics
Inanetal. 2025 USA 415 Survey Mental Mental Reduced Course- Higher de-
[40] fatigue fatigue engage-  work mand/lower
scale ment demand engagement
raise mental
fatigue.
Ra and 2025 S. Korea 300 Survey Stress/ Academic - Coping Coping mod-
Shin [64] coping  stress (TCK)  erates stress
scale in TCK stu-
dents.
Sawant 2023  India 346  Cross-  Self- Anxiety,  Poor moti- - 71% digital
etal. [77] sec. report  depres- vation fatigue; poor
survey  sion (73%) motivation
(40%) and distress.
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Study Year Country Sample Design DLF Psycho- Academic Mode- Key findings

mea- logical /behavio- rators
sure out- ural
comes out-
comes

de Oliveira 2022  Brazil 541  Cross- ZEF Social/ - Curri-  48% Zoom fa-
Kubrusly sec. scale emotional culum tigue; higher
Sobral et al. (Br-Pt) fatigue model  in hybrid than
[24] PBL.
Salim et al. 2022 Indonesia 335  Cross- ZEF+  Stress, Poor sleep Exercise, Fatigue
[74] sec. PSQI + anxiety,  quality session linked to

DASS-  depres- length  sleep/distress;

21 sion 57% variance

explained.

Table 9
Blank data extraction template.

DLF
Design measurement
tool

Psychological Academic behavioural
outcomes outcomes  outcomes

Sample

. Moderators  Key findings Notes
size

Study ID  Author/year Country

A.11. Complete quality appraisal (Newcastle-Ottawa Scale)

Table 10
Study-level quality appraisal (NOS classification).
Study Quality category NOS interpretation
Alarabiat [1] High Robust, low bias
Romero-Rodriguez et al. [70] High Robust
Tugtekin [84] High Robust
Balta-Salvador et al. [8] High Robust
Rutkowska et al. [72] High Robust
Reed [66] Moderate Acceptable but some bias risk
Klimova and Pikhart [45] Low Review-type (mini-review) design
Goldag [32] Moderate Acceptable
Deniz et al. [26] High Robust
Alyoubi et al. [2] High Robust
Li and Yang [48] High Robust
An et al. [3] High Robust (large sample)
Fridkin et al. [29] Moderate Acceptable (longitudinal; small sample)
Charoenporn et al. [18] High Robust
Llanes-Castillo et al. [50] Moderate Acceptable
Kim, Kim and Hwang [44] High Robust
Ghanem, Elhussiney and Elbadawy [30] High Robust
Inan et al. [40] High Robust
Ra and Shin [64] Low Narrow (Third Culture Kid) subpopulation
Sawant et al. [77] High Robust
de Oliveira Kubrusly Sobral et al. [24] Moderate Acceptable
Salim et al. [74] Moderate Acceptable
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A.12. Sensitivity analyses
Sensitivity test A: Removing low-quality studies (n = 2)

After excluding the 2 low-quality studies:

* All main psychological outcomes remained unchanged: anxiety, stress, depressive symptoms,
irritability (68% — unchanged).

* Cognitive outcomes still consistently reported: attention loss, motivation decline, performance
impairment (73% — unchanged).

* behavioural consequences remained robust: sleep problems, isolation, avoidance (59% —
unchanged).

* Moderators did not change: gender, academic discipline, screen time, resilience.

Interpretation: Removing low-quality studies did not change the direction or substance of findings.

Sensitivity test B: High-quality—only synthesis (n = 14)
When isolating only the 14 high-quality studies, observed stability of major themes:

 Fatigue prevalence remains moderate to high (45-75%).

* Gender and screen exposure remain the strongest moderators.

* Emotional and cognitive strain remain the dominant psychological patterns.
* Performance and engagement decline remain consistently reported.

* High-quality studies still identify resilience and coping as protective factors.

Interpretation: High-quality studies alone reproduce the same global pattern, confirming robust-
ness.

A.13. Regional and disciplinary subgroup patterns

Table 11
Prevalence pattern summary by region.
Region Reported fatigue intensity Distinctive features

Europe (n=7) Moderate to high High emotional fatigue; discipline differences more
pronounced.

Asia (n=7) High Screen-time overload and academic pressure domi-
nate fatigue mechanisms.

Middle East (n=4) High Infrastructure and family-environment strain con-
tribute heavily.

North America (n = 2) Moderate Resilience and coping factors more frequently dis-
cussed.

Latin America (n = 2) Moderate to high Online-class burnout during confinement; emotional

exhaustion prominent.

Table 12
Discipline-based fatigue comparison.
Discipline Typical fatigue level Explanation (from manuscript)
Arts/Humanities/Social sciences High Heavier synchronous workload; constant camera
use; emotional labor.
STEM Moderate to low Higher digital literacy; more asynchronous auton-

omy; lower emotional labor.
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