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Abstract

Mental fatigue has emerged as a significant
concern in online higher education, yet research
has primarily focused on technological factors
rather than learner-related characteristics that may
predispose students to fatigue. This scoping review
systematically examined learner-related sources of
mental fatigue in online higher education to identify
key factors and inform intervention strategies.
Following PRISMA guidelines, a comprehensive
search was conducted using Web of Science, and
studies were screened using predefined criteria
focusing on empirical research examining fatigue
causes in online higher education students.
Seventeen empirical studies met the inclusion
criteria. Through thematic analysis, four distinct
categories emerged: (1) health and wellness
factors, (2) individual characteristics, (3) academic
skills and behaviors, and (4) personal
circumstances. Gender, mental health status, self-
regulation skills, and social support were most
consistently identified factors across studies.
Mental fatigue stems from complex interactions
among personal characteristics, contextual
circumstances, and psychological processes,
supporting an ecological perspective. Findings
suggest need for multi-dimensional intervention
strategies addressing individual vulnerabilities,
strengthening executive functioning abilities, and
enhancing social support systems to mitigate
fatigue in digital learning environments.
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Learner-Related Sources of Mental Fatigue in Online Higher Education: A Scoping Review

Introduction
Background and Context

The landscape of higher education has undergone notable changes over the past two decades,
with online learning shifting from a niche alternative to a widely accepted educational delivery
method. Online course offerings have grown significantly, and numerous institutions continue to
expand their online programs (Astriana et al., 2024). While the expansion of online learning has
provided considerable benefits, such as increased accessibility, flexibility, and opportunities for
personalized learning (Anderson & Dron, 2021; Inan et al., 2024; Lu & Zhang, 2024; Means &
Neisler, 2021), it has also exposed substantial challenges related to student well-being and
mental health (Inan et al., 2024; Moore et al., 2022). As online learning has become more
prevalent, educators and researchers have observed an alarming increase in reports of student
mental fatigue, exhaustion, and burnout specifically associated with digital learning
environments (Fauville et al., 2021).

Mental fatigue has not been widely studied in the field of education, particularly in online
learning settings (Tugtekin, 2022), compared to the plethora of empirical research on mental
fatigue in work-related, military, aviation, sports, and clinical environments (Ackerman, 2011;
Aryal et al., 2017; Gavelin et al., 2020). These fields or domains recognized that mental fatigue
is a critical factor influencing safety, decision-making, and performance outcomes (Ackerman,
2011; Aryal et al., 2017; Boksem & Tops, 2008; Gavelin et al., 2020; van der Linden et al.,
2003). However, educational research has been slower to develop similar research approaches
to understand and study mental fatigue, despite the evidence that mental fatigue significantly
impacts learning outcomes (Boksem & Tops, 2008; van der Linden et al., 2003). This gap
reflects broader critiques of educational technology research for prioritizing technological tools
over learner psychological processes (Reeves & Lin, 2020), leaving students' cognitive well-
being underexplored even as online learning demands intensify.

The study of student mental fatigue has only recently begun to attract more attention in
education research (Alleyne Bayne & Inan, 2022; Febiyani et al., 2021; Inan et al., 2024). While
student mental health in higher education has been declining for some time, even before the
pandemic (Moore et al., 2022), the COVID-19 pandemic has led to significant research on
learner experiences during emergency remote teaching. However, this emerging research field
faces significant definitional challenges. van der Linden (2011) highlighted the difficulties in
defining and describing mental fatigue scientifically, pointing to its complexity that involves
changes in motivation, emotion, behavior, and information processing. This complexity is
compounded by the fact that research in online learning contexts has employed diverse
terminologies to describe related manifestations of mental resource depletion, including
cognitive fatigue, emotional exhaustion, Zoom fatigue, digital fatigue, and technology fatigue
(Bailenson, 2021; Riedl, 2022; Sarangal & Nargotra, 2022; Shao et al., 2022). While these
terms emphasize different aspects or contexts, they collectively represent the state of mental
fatigue following prolonged cognitive activity that can have major repercussions on learning and
performance.
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However, scholars suggest that these terminological differences may be "mainly semantic" and
indicate "a common phenomenon" (Pattyn et al., 2018, p. 7). The difficulty in arriving at a
universally accepted definition reflects mental fatigue's varied recognition across multiple
disciplines, including education, military, industrial, and healthcare sectors (Ackerman, 2011;
Smith et al., 2019).

For this scoping review, we adopted an inclusive approach that encompasses studies using any
of these terminologies, recognizing that they represent different manifestations of the same
underlying phenomenon of mental resource depletion in digital learning environments. This
approach aligns with scoping review methodology, which aims to map diverse literature rather
than impose restrictive definitional boundaries (Arksey & O'Malley, 2005). From this point
forward, we use the terms mental fatigue or simply fatigue to refer to these constructs.

Mental fatigue in educational contexts can be both a symptom and a precursor of broader
mental health challenges. As a symptom, mental fatigue may manifest as an early indicator of
developing mental health issues such as depression, anxiety, or chronic stress, where students
experience cognitive exhaustion as part of a broader pattern of psychological distress (Bai et al.,
2021; Nyer et al., 2015; Lamers et al., 2013). Conversely, as a precursor, prolonged mental
fatigue from academic demands can contribute to the development of more serious mental
health conditions by depleting cognitive resources, disrupting sleep patterns, and creating a
cycle of academic struggle that leads to heightened stress and reduced self-efficacy (Cui et al.,
2021; Hershner & Chervin, 2014; Huang et al., 2024; Hu et al., 2025). This cyclical nature
means that mental fatigue can both signal existing mental health vulnerabilities and create
conditions that foster their development. Research has demonstrated that mental fatigue can
impair cognitive processing, reduce attention span, decrease motivation, and negatively impact
academic progress and performance (Boksem & Tops, 2008; van der Linden et al., 2003). In
online learning environments, these effects may be amplified due to the increased cognitive
demands of navigating digital interfaces, processing information from screens, and maintaining
engagement without the natural cues available in face-to-face interactions (Clark & Mayer,
2016; Mayer & Moreno, 2003).

Due to its academic impact, prevalence among millions of learners, and potential link to broader
mental health challenges, some scholars consider that mental fatigue in online learning can be
framed within the “grand challenges” paradigm in educational technology (Moore, 2025; Moore
& Marzban, 2024). Grand challenges are defined as significant, complex issues in a particular
field or discipline that can be resolved with the help of collaborative work (Malesic, 2022; Moore,
2025; Nowell et al., 2020; Oster, 2022). Mental fatigue in online learning meets these criteria in
several ways. First, its academic impact is substantial, as fatigue directly impairs cognitive
processes essential for learning, including attention, memory consolidation, and problem-solving
abilities (Boksem et al., 2005; Karim et al., 2024). Second, its prevalence among millions of
learners, and potential link to broader mental health challenges. Third, developing long-term
solutions requires coordinated efforts from multiple stakeholders, integrating insights from
psychology, education, technology, and health sciences (Lister, 2022; Wang, 2024). Finally,
addressing these challenges effectively can provide significant societal benefits, including
improved educational outcomes, reduced dropout rates, and support for broader mental health
initiatives in higher education, representing the influence that the field hopes to achieve through
its professional practices and research (Moore, 2025). This multifaceted nature of the problem
exemplifies why mental fatigue represents a grand challenge requiring systematic,
interdisciplinary research and intervention strategies.
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Problem Statement

Despite increasing awareness of fatigue as a significant issue in online learning, research on
the topic has been fragmented and often limited in scope (Basch, 2025). Much of the existing
literature has examined technological and instructional design factors contributing to fatigue,
including cognitive load theory applications (Sweller et al., 2019), multimedia design principles
(Huff, 2024; Mayer, 2021), online course design elements (Alleyne Bayne & Inan, 2022), and
user interface considerations (Ahmad Faudzi et al., 2024). Although these studies examine
sources associated with technology, course platforms, or instructional materials, they reflect
only a portion of a more complex issue. There has been insufficient attention given to learner-
related factors, specifically, the individual characteristics, behaviors, circumstances, and
experiences that learners bring to online environments, which may predispose them to mental
fatigue.

The need for a comprehensive review and gap identification in this study reflects the
recommendations from scholars in educational technology for more relevant, systematic, and
coordinated research efforts. Reeves and Lin (2020) note that educational technology research
has often been fragmented and disconnected from real-world problems, suggesting a shift to
problem-focused rather than technology-focused research agendas. Clark et al. (2011) also
highlight the importance of understanding learner characteristics and individual differences in
designing effective educational technologies. As higher education evolves in the post-pandemic
era, there is a need to synthesize existing knowledge about learner-related factors contributing
to mental fatigue and identify areas that require further investigation. Our comprehensive review
of the existing literature, including a careful search of scoping reviews, systematic reviews, and
meta-analyses in this specific field, points to a clear gap which we are currently addressing.
While individual studies and some narrative reviews may touch on aspects related to our
subject, we have not found any previous synthesis papers that are directly relevant to our
research focus.

Purpose and Significance of the Study

This scoping review focuses on learner-related sources of mental fatigue in online higher
education. Earlier reviews have examined how technology and course design affect online
learners' cognitive load and fatigue, for example, a recent study by Inan et al. (2024) explored
the technological and contextual factors and outlined strategies on how to effectively design
instructional activities, adjust content workload, and utilize the course technology platform to
establish mentally friendly learning environments. In addition, a literature review conducted by
Bafna and Hansen (2021) explored the measurement of mental fatigue using eye metrics to
compare environmental factors contributing to fatigue. Moreover, a comparative analysis
conducted by Kunasegaran et al. (2023) examined methods of fatigue detection techniques
such as self-reporting questionnaires, heart rate variability, and electroencephalogram. Yet,
there is still a gap in the literature. Therefore, this study aims to address and fill this gap through
an extensive scoping review that focuses exclusively on learner-related sources of mental
fatigue.
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By integrating findings of published research from various fields and methodological techniques,
this review offers educators, instructional designers, and institutional leaders an elaborate
understanding of the elements that contribute to mental fatigue in online learners.

This review provides a significant theoretical contribution to the emerging field of digital well-
being where it is aimed to promote wellbeing and enhance human potential with the help of
digital technologies (Burr et al., 2020). It helps to conceptualize mental fatigue and to portray it
as a complex and multifaceted phenomenon that is the result of a dynamic interaction of
individual, technological, and contextual factors. Moreover, the review significantly improves our
theoretical understanding of the complex ways in which human factors interact with online
learning environments that may lead to mental fatigue. Importantly, it will identify a clear list of
key learner-related factors that may provide a valuable focus for researchers investigating
mental fatigue. By identifying patterns, relationships, and possible causal mechanisms across
diverse studies, this study contributes to building a solid basis for a more integrated and
comprehensive theoretical framework.

To address this gap, this scoping review was guided by the following research questions:

1. How have learner-related factors contributing to mental fatigue been conceptualized and
operationalized across studies in online higher education?

2. What individual learner characteristics are associated with mental fatigue in online learning
environments?

3. What patterns and relationships emerge among different categories of learner-related
factors and mental fatigue outcomes?

Methods
Scoping Review Design

This study followed a scoping review methodology, which is particularly appropriate for mapping
key concepts, examining the extent and range of research, and identifying gaps in the existing
knowledge base (Arksey & O’Malley, 2005; Levac et al., 2010). A scoping review was chosen
because the literature on learner-related sources of mental fatigue in online higher education
appears fragmented across disciplines and theoretical frameworks, requiring synthesis to
develop a comprehensive understanding of the field.

Operational Definition of Mental Fatigue

For the purpose of this scoping review, we focus on online student mental fatigue, which is
operationally defined it as a state of mental exhaustion (e.g., fatigue, tiredness, and feeling
overwhelmed) and diminished cognitive capacity (e.g., decreased concentration, reduced
attention span, impaired memory, slower processing) that learners experience as a result of
engaging with educational resources, platforms, and digital tools to access course materials and
complete learning activities in online environments (Alleyne-Bayne & Inan, 2022; Boksem &
Tops, 2008; Inan et al., 2024; Mozuraityte et al., 2023; Sy et al., 2021; van der Linden & Eling,
2006).

Our operational definition encompasses three key components that we used to identify relevant
studies:
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1. Purpose: Studies focused on educational contexts and learning activities in online
environments;

2. Means: Studies examining digital resources, content, technologies, platforms, and tools in
educational settings;

3. Outcomes: Studies focusing on mental fatigue and related concepts such as mental
exhaustion, decreased concentration, reduced motivation, or similar states of cognitive
depletion.

This operational definition guided our inclusion criteria for studies that examined various related
phenomena, which in the literature appear under different terminologies, including mental
fatigue, digital fatigue, zoom fatigue, technology fatigue, cognitive fatigue, and academic
overload. We included studies in our review that addressed all three elements, regardless of the
exact terminology used. This framework captures the multidimensional nature of mental fatigue
while acknowledging the terminological diversity that characterizes this emerging research area.

Learner-related factors were defined as individual characteristics, behaviors, circumstances,
and experiences that students bring to online learning environments, including: demographic
characteristics (age, gender, academic level), health and wellness factors (mental health, sleep
quality), academic skills and behaviors (self-regulation, motivation), and personal circumstances
(home environment, social support). This excludes technological features, instructional design
elements, or institutional policies.

Search Strategy

The search strategy was designed to capture a wide range of literature on fatigue in online
higher education. A comprehensive search was conducted on the Web of Science, PsycINFO,
and ERIC databases using a structured search strategy that combined relevant keywords from
five concept domains using Boolean operators (AND, OR, NOT). See Table 1 for details.

Screening Process

The study selection process was conducted in multiple stages following the preferred reporting
items for systematic reviews and meta-analyses extension for scoping reviews (PRISMA-ScR)
guidelines (Tricco et al., 2018). We developed inclusion and exclusion criteria, which two
researchers used to independently screen each article, with a third researcher resolving any
conflicts. We specifically looked for studies focusing on mental fatigue in students taking at least
one fully online course within formal higher education.

Included studies met the following criteria: (1) empirical, data-based research (quantitative,
qualitative, or mixed-methods); (2) published in peer-reviewed academic journals; (3) written in
English; and (4) published after 2003. Studies were required to focus explicitly on learner-
related factors contributing to mental fatigue in online higher education contexts.

The studies we excluded (1) were non-empirical publications (reviews, editorials, conceptual,
opinion pieces); (2) were not published in peer-reviewed journals (i.e., conferences); (3) were
not written in English; (4) were published before 2003; (5) involved populations outside higher
education (K-12 students, individuals with specific medical conditions as primary focus); (6)
focused exclusively on emotional, physical or medical fatigue unrelated to education; (7)
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examined settings other than fully online higher education (training programs, K-12 education,
vocational programs, face-to-face learning, hybrid/blended learning, professional employment
training); or (8) examined only technological or instructional design factors without investigating
learner-related characteristics.

Table 1

Search Query

Search # Domains Search Terms

1 Fatigue Phenomena Fatigue OR Overwork OR Weariness OR Depletion OR
Overexertion OR strain OR distress OR Burnout OR Overload
OR Exhaustion OR Lethargy OR "Cognitive overload" OR
"Energy depletion" OR "Mental fatigue" OR "Emotional fatigue"
OR "Physical fatigue" OR "Cogpnitive fatigue" OR "Study fatigue"
OR "Academic fatigue" OR "Sleep deprivation"

2 Sources/ Causes Source* OR cause* OR predictor* OR indicator* OR antecedent*®
OR origin* OR root* OR factor* OR contributor® OR trigger* OR
determinant* OR correlate* OR etiology OR Mechanism* OR
precursor® OR stimulus® OR facilitator* OR initiator* OR
mediator* OR moderator* OR condition*

3 Online Learning (Online OR e-Learning OR Elearning OR distance OR remote
Context OR virtual OR Web OR "web-based" OR asynchronous OR

synchronous OR "Internet-based" OR blended OR Hybrid OR
Flipped OR HyFlex OR MOOC OR Webinar OR Tele* OR
"Cloud-based" OR digital OR Multimedia OR Cyber OR Internet
OR Mobile) AND (learning OR education OR course OR class
OR classroom OR platform OR system OR lesson OR lecture
OR training OR program OR workshop OR curriculum OR
teaching OR tutoring OR instruction OR degree OR assessment
OR environment)

4 Population (student” OR learner* OR trainee* OR graduate* OR
undergraduate* OR postgraduate* OR scholar* OR participant*
OR intern* OR apprentice* OR candidate* OR fellow* OR
attendee* OR "adult learner*" OR "lifelong learner*" OR
"vocational student*" OR "college student*™ OR "university
student*") NOT (doctor* OR hospital* OR medicine* OR
physician* OR patient*)

5 Higher Education college OR university OR school OR "community college" OR
Setting school OR "Higher education" OR "Post-secondary" OR "Tertiary
education" OR academy OR institute OR polytechnic OR "junior
college" OR "online university" OR "open university" OR
Education

6 Combined 1 AND 2 AND 3 AND 4 AND 5
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Three databases (Web of Science, PsycINFO, and ERIC) were utilized to search for articles.
The search yielded 1312 articles. After title and abstract screening, 32 papers were identified for
full-text review. Among the 32 fatigue-related papers, we excluded 15 articles for the following
reasons: papers were not in English, not investigating mental fatigue as outcome, and did not
include learner-related factors. This process resulted in 17 papers for final synthesis (Figure 1).

Data Extraction

A standardized data extraction form was developed to capture relevant information from each
included study. This form aimed to extract key details such as study characteristics, including
authors, year, country, and study design, as well as population characteristics like sample size
and demographic information, the identified sources of mental fatigue, and the studies' findings
and limitations.

Data Synthesis

Data synthesis followed a multi-method approach. Quantitative data, such as study
characteristics and measurement approaches, were analyzed using descriptive statistics.
Qualitative data, particularly the identified sources of mental fatigue, underwent thematic

Figure 1

PRISMA-ScR

£ Records identified through Web of
] Science (n=689), PsycINFO (n=339),
= and ERIC (n=503) database searching | 219 duplicated papers removed
= (n=1531)
§ Excluded (n=1280):
» Not in mental fatigue scope
— ‘ > Not college student
Total records for topic and abstract 7 (faculties/teachers/nurses)
screening » Not in higher education
o (n=1312) > Not in education setting
5 » Not online environment
$
b3
Full text screening Records excluded (n=15)
(n=32) » Not in English
" » Not fatigue as outcome
» Not include learner-related
factors impact fatigue
E | » Not full text available
S Studies included in synthesis for
— learner-related sources of mental
fatigue (n=17)

Note. PRISMA-ScR = preferred reporting items for systematic reviews and meta-analyses
extension for scoping reviews
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analysis using Braun and Clarke's (2006) six-step process: (1) familiarizing with the data
through repeated reading of study findings; (2) generating initial codes by systematically
identifying all learner-related factors mentioned across studies; (3) searching for themes by
collating codes into potential categories; (4) reviewing themes to ensure they accurately
represented the data and were internally coherent; (5) defining and naming four final categories
with clear boundaries and descriptions; and (6) producing the final categorical framework
presented in this review. This systematic process yielded four distinct categories of learner-
related sources of mental fatigue in online higher education: (1) individual characteristics
(demographics), (2) health and wellness factors, (3) academic skills and behaviors, and (4)
personal circumstances. These categories were validated through theoretical alignment with
existing literature in educational psychology and digital learning.

Categorical Framework Development Process
The development of our four-category framework involved several iterative steps:

Step 1. Initial Coding: We extracted all learner-related factors mentioned in the 17 studies,
resulting in initial codes including factors such as “gender,” “anxiety,” “self-regulation,” “home

environment,” “age,” “sleep quality,” “motivation,” and “social support.”

(T ” W

Step 2. Code Clustering: These initial codes were grouped based on conceptual similarity. For

example, codes related to “gender,” “age,” “academic level,” and “race” were clustered together
as they all represented individual characteristics.

Step 3. Preliminary Category Formation: Four preliminary categories emerged from this
clustering process based on the nature and source of the factors:

- Demographic and stable personal attributes

- Health-related and wellness variables

- Learning-related skills and behaviors

- External circumstances and environmental factors

Step 4. Category Naming and Definition: Final category names were selected to be:

- Individual characteristics (rather than “demographics”) to encompass both demographic
and stable personal attributes
Health and wellness factors to capture physical, mental, and emotional health variables
Academic skills and behaviors to include learning-related competencies and behavioral
patterns
Personal circumstances to represent external life conditions and environmental factors

Step 5. Validation: The final framework was validated by ensuring each factor from the initial
codes could be clearly assigned to one category, with minimal overlap between categories. This
systematic process yielded four distinct categories of learner-related sources of mental fatigue
in online higher education:

1. Individual characteristics,

2. Health and wellness Factors,

3. Academic skills and behaviors, and

4. Personal circumstances.
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Results
Study Characteristics Overview

Following the systematic search and screening process, 17 studies met the inclusion criteria for
analyzing learner-related sources of mental fatigue in online higher education. The studies were
published between 2021 and 2024, representing research conducted during and immediately
following the COVID-19 pandemic transition to online learning. While our search strategy
included publications from 2003 to 2024, the concentration of studies in this recent period
reflects the emergence of mental fatigue as a research focus coinciding with the widespread
adoption of online learning during the pandemic.

Learner-Related Sources of Mental Fatigue

Our analysis of the 17 included studies revealed multiple factors contributing to mental fatigue in
online learning. Through an iterative process of content analysis, we identified four distinct
categories of learner-related sources of mental fatigue in online higher education. Across the
studies reviewed, individual characteristics as well as health and wellness factors were
consistently examined, making them the most frequently investigated category of learner-related
variables. In contrast, academic skills and behaviors received comparatively less attention in the
research. Figure 2 illustrates the distribution of examined learner-related sources based on the
number of studies.

Figure 2

Learner-Related Sources of Mental Fatigue Categorization

Health & Wellness

Individual Characteristics

Source Category

Personal Circumstances

Academic Skills & Behaviors

(=)
=y
L&)
w

4 5§ 6 7 8 9 10 11 12 13 14 15 16 17

Number of Studies
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Health and Wellness Factors

Health-related factors were examined in 12 of the 17 included studies, representing a
moderately well-studied category with several subcategories of factors (Table 2).

Mental Health Status

Mental health emerged as the strongest predictor of mental fatigue across studies. Seven
studies examined stress, anxiety, and depression, finding robust correlations with mental
fatigue. Salim et al. (2022) reported particularly strong correlations between stress, anxiety,
depression, and fatigue levels. Mosleh et al. (2022) found a statistically significant positive
correlation between psychological distress and fatigue, indicating that students with poorer
mental health reported higher fatigue levels. Hilpert et al. (2022), through text mining of
students' open-ended responses, identified anger as one of the affective experiences underlying
mental depletion or fatigue during the transition to online learning. Khan (2024) demonstrated
that students' perceived health risks of COVID-19 had a significant positive effect on their
emotional exhaustion. This suggests that the stress associated with a global health crisis can
deplete students' emotional resources, leading to mental fatigue. Reed (2022) reported that
stress and anxiety had the strongest correlations with fatigue, indicating that students with
higher baseline stress levels were more vulnerable to developing mental fatigue. Stiegler-
Balfour et al. (2024) found worry and grief related to COVID-19 were positively associated with

Table 2
Health and Wellness

Specific Factor Number 9f Stud|es Authors
Mentioning

Mental Health Status

7 studies Salim et al. (2022), Mosleh et al. (2022),
Hilpert et al. (2022), Khan (2024), Reed
(2022), Stiegler-Balfour et al. (2024),
McCabe et al. (2023)

4 studies de Oliveira Kubrusly Sobral et al. (2022),
Godara et al. (2024), Cho & Im (2024),
Massner (2022)

4 studies de Oliveira Kubrusly Sobral et al. (2022),
Godara et al. (2024), Cho & Im (2024),
Massner (2022)

Physical Health Behavior
2 studies Salim et al. (2022), McCabe et al. (2023)

3 studies Salim et al. (2022), Shahriar & Koly (2021),
Mosleh et al. (2022)

mental fatigue, reinforcing the connection between pre-existing mental health concerns and
fatigue outcomes. McCabe et al. (2023) identified life stress as the primary factor increasing
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unproductive cognitive load during online classes, along with negative emotions such as anxiety
and sadness, supporting the broader pattern that psychological distress impacts cognitive
resources available for learning.

The consistency and magnitude of these relationships suggest that mental health status may be
a primary vulnerability factor for online learning fatigue. These findings support the notion that
poor mental health is positively associated with higher perceptions of mental fatigue in online
learning contexts.

Self-Awareness and Self-Consciousness

Four studies (Cho & Im, 2024; Godara et al., 2024; Massner, 2022; de Oliveira Kubrusly Sobral et
al., 2022) identified self-awareness and self-consciousness during videoconferencing as
potential contributors to mental fatigue. Students described heightened discomfort related to
constant camera use, mirror anxiety, and a sense of being observed, citing concerns about
physical appearance, background environment, and perceived judgment from peers and
instructors (Godara et al., 2024). These factors appeared to increase cognitive load and
psychological strain during synchronous sessions. de Oliveira Kubrusly Sobral et al. (2022) found
that online learners were significantly more likely to report post-session withdrawal and a desire
for solitude compared to peers in an in-person problem-based setting, suggesting that
synchronous videoconferencing environments may introduce unique social demands that
contribute to fatigue.

Physical Health and Exercise

Two studies, McCabe et al. (2023) and Salim et al. (2022), provided empirical evidence that
regular physical activity is associated with lower mental fatigue. McCabe et al. (2023) found that
exercise prior to class was associated with decreased unproductive cognitive load during Zoom
sessions, supporting the protective role of physical activity against mental resource depletion.
Salim et al. (2022) found that students who engaged in regular exercise reported significantly
lower fatigue levels compared to those who did not. However, this relationship may also reflect
underlying executive functioning capacities such as the ability to plan and maintain regular
exercise routines, which requires the same self-regulation skills, such as planning and time
management, that are also crucial for successful online learning.

Sleep Quality

Salim et al. (2022) found significant associations between poor sleep quality and mental fatigue.
They reported a moderate positive correlation and confirmed through multivariate analysis that
poorer sleep quality significantly predicted greater fatigue. Another study, Shahriar and Koly
(2021), found that insomnia was significantly associated with reduced concentration ability,
suggesting that disrupted sleep may indirectly contribute to cognitive fatigue by impairing
attention. In another study, Mosleh et al. (2022) reported that 31.1% of students experienced a
combination of social detachment, anxiety, and insomnia during the mandatory online learning
period, with an average symptom score of 2.99, reflecting the presence of sleep issues within
broader mental fatigue patterns among students during the COVID-19 transition to online
education.
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Individual Characteristics (Demographics)

Demographic factors were examined in 11 of the 17 included studies, making this one of the
most frequently studied categories of learner-related factors (Table 3). Our analysis revealed
consistent patterns across several demographic variables.

Gender Differences

Gender emerged as the most consistent demographic predictor of mental fatigue across
studies. Eight studies examined gender differences, with four finding that female students
reported higher levels of fatigue compared to male students (Chen & Qin, 2024; Mosleh et al.,
2022; Salim et al., 2022; de Oliveira Kubrusly Sobral et al., 2022). Shahriar and Koly (2021)
found that female students were significantly more likely to report physiological challenges
associated with online learning, including fatigue. However, Chen and Qin (2024 ) found
contrasting results, with males showing higher fatigue incidence rates but similar severity
distributions when fatigue was present. Khan (2024) reported no significant gender differences
in fatigue, differing from previous research that identified increased mental fatigue among
females. Reed (2022) examined a predominantly female sample (96% female, 4% male) in

Table 3

Individual Characteristics (Demographics)

Specific Factor Number .Of Stud|es Authors
Mentioning

Gender 8 studies de Oliveira Kubrusly Sobral et al. (2022),
Salim et al. (2022), Mosleh et al. (2022),
Chen & Qin (2024), Shahriar & Koly (2021),
Khan (2024), Reed (2022), McCabe et al.

(2023)

Age 5 studies Mosleh et al. (2022), Al Mulhim (2023),
Khan (2024), Reed (2022), McCabe et al.
(2023)

Race 1 study Reed (2022)

Academic Level/ Year of Study 6 studies Mosleh et al. (2022), Radovan & Makovec

(2022), Godara et al. (2024), Khan (2024),
Reed (2022), McCabe et al. (2023)

Work Status 2 studies Mosleh et al. (2022), Salim et al., (2022)
Marital Status 2 studies Mosleh et al. (2022), Salim et al., (2022)
Number of Children 1 study Mosleh et al. (2022)

Communication Sciences and Disorders, which limited meaningful gender comparisons.
McCabe et al. (2023) included 78.1% female participants but did not report gender-specific
effects on fatigue.
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This suggests that while gender differences are consistent across studies, the directionality and
specific manifestations may vary based on cultural context, educational setting, or measurement
approach.

Age Patterns

Five studies examined age-related factors, revealing mixed patterns. Mosleh et al. (2022) found
that students aged 26-30 had the lowest fatigue levels, while students under 20 experienced the
highest fatigue. Al Mulhim (2023) conducted the research on a project-based learning
environment and found that younger students (aged 22-24) from the digital generation showed
moderate levels of mental fatigue, suggesting that age may be a protective factor, as older
generations may be more susceptible to mental fatigue when forced to rapidly adopt new
technologies. Reed (2022) confirmed that younger students were negatively impacted more by
fatigue, supporting previous findings about age-related vulnerability to online learning demands,
while Khan (2024) found minimal age effects within a narrow range (16-22 years), with a
positive correlation between age and fatigue, suggesting that even small age differences within
student populations may influence fatigue vulnerability. However, McCabe et al. (2023) found no
significant correlations between age and fatigue experience.

Academic Level

Six studies investigated academic level differences, two of them finding that students in earlier
semesters reported higher fatigue levels. Mosleh et al. (2022) found that undergraduate second-
semester students had the highest fatigue, possibly reflecting adaptation challenges in early
academic careers. Reed (2022) provided strong evidence that undergraduate students were
more affected by fatigue compared to graduate students, reinforcing the pattern that students in
earlier stages of their academic careers may be more vulnerable to online learning challenges.
However, Radovan and Makovec (2022) found that fatigue was significantly higher among
students in later years of study, suggesting that increased academic demands over time may
contribute to students’ feelings of fatigue. Additionally, Godara et al. (2024) found through
qualitative interviews that graduate students reported differential fatigue patterns based on
program type, with professional degree students reporting higher fatigue levels than research-
oriented graduate students. However, Khan (2024) found no significant difference between
undergraduate and graduate students, contradicting some earlier findings about academic level
effects. Similarly, McCabe et al. (2023) found that class year yielded no evidence in the Zoom
fatigue level difference.

Other Demographic and Background Factors

Work status and marital status were examined in two studies (Mosleh et al., 2022; Salim et al.,
2022). Mosleh et al. (2022) reported that full-time working students showed lower median
fatigue scores than unemployed or part-time students, which are statistically significant, possibly
reflecting self-selection or developed coping strategies. The same study found that single
students reported higher fatigue levels than married students, suggesting that relationship
status might influence coping resources. However, Salim et al. (2022) also examined
occupation and marital status but found no significant differences in fatigue levels by
employment or marriage status, possibly due to small subgroup sizes. Mosleh et al. (2022) also
examined the influence of having children, finding that students with children reported lower
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levels of fatigue compared to those without children. Reed (2022) identified race/ethnicity as a
significant demographic factor, finding that students who identified as Black/African American
experienced a more negative impact from fatigue compared to students who identified as White.
These findings suggest that cultural, socioeconomic, or educational background factors may
influence students' experience of mental fatigue in digital learning environments.

Academic Skills and Behaviors

Academic skills and behaviors were examined in 6 of 17 studies. These factors represent
components of executive functioning that influence students' ability to manage online learning
demands (Table 4). Our analysis identified several key subcategories:

Academic Skills and Competencies

Self-directed learning (SDL) approaches showed the strongest evidence within this category.
Shao et al. (2022) found that both the SDL approach (learners’ ability to plan and implement
learning strategies during and after class) and the SDL attitude (students’ willingness to learn
independently) were significant negative predictors of mental fatigue. These findings suggest an
association between stronger SDL capabilities and reduced mental fatigue during online
learning. Additionally, Hilpert et al. (2022) found that academic self-efficacy significantly
declined over the course of the semester, indicating that students' belief in their academic
abilities decreased during the transition to and continuation of online learning.

Table 4

Academic Skills and Behaviors

Number of Studies

Specific Factor Mentioning Authors
Academic Skills and 2 studies Hilpert et al. (2022), Shao et al. (2022)
Competencies
Coping and Managing Learning 1 study Hilpert et al. (2022)
Motivation and Learning Attitude 3 studies Hilpert et al. (2022), Mosleh et al. (2022),
Radovan & Makovec (2021)
Cognitive styles 1 study Wu et al. (2024)
Digital Skills/Adaptability and 1 study Al Mulhim (2023)

Self-learning Abilities

Coping and Managing Learning

Hilpert et al. (2022) found that students’ coping strategies increased during the early weeks of
remote learning but declined significantly by the end of the semester, coinciding with a marked
rise in mental fatigue. This study also found that students reported less engagement in
managing their learning over time, suggesting that an association between declining coping
abilities and mental fatigue, which leads to decreased coping and self-regulation abilities.
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Motivation and Learning Attitudes

Three studies addressed motivation as a factor contributing to mental fatigue. Hilpert et al.
(2022) conducted a longitudinal analysis and found significant declines across nearly all
motivational constructs, including mastery approach, performance goals, self-efficacy, and task
value during the transition to online learning. These declines occurred progressively across the
semester and were accompanied by increases in perceived effort, opportunity, and
psychological cost. These findings suggest that students' motivation steadily eroded over time,
which has contributed to increased mental fatigue among students. In a cross-sectional study,
Mosleh et al. (2022) reported that 22.6% of students identified a lack of motivation as a
challenge during online learning. Additionally, Radovan and Makovec (2022) found that students
who believed that distance learning allowed them to acquire the same amount of knowledge as
face-to-face learning reported lower levels of academic overload.

Cognitive Styles

Wau et al. (2024) examined how matching versus mismatching cognitive styles (holist/serialist)
with e-learning interface design influenced mental fatigue. Students whose cognitive styles
matched the learning interface experienced significantly less mental fatigue, showing more
positive emotions, higher attention levels, lower physiological stress indicators, reduced mental
load scores, and better learning performance compared to mismatched students. This suggests
that cognitive style-interface mismatch creates additional cognitive burden, indicating that
individual differences in information processing preferences can either protect against or
predispose students to mental fatigue in online learning environments. Pask's (1976) cognitive
style framework distinguishes between holists, who use a global approach by first building broad
conceptual overviews and identifying connections between topics before examining details, and
serialists, who prefer a step-by-step sequential approach, focusing on one element at a time
and building understanding progressively.

Digital Skills and Adaptability

One study explored the role of digital skills and adaptability in relation to fatigue. Al Mulhim
(2023) identified that students’ adaptability to technology and self-learning abilities played a
mitigating role in mental fatigue during project-based distance learning. Qualitative responses
suggested that students who were comfortable independently exploring new tools and
managing unfamiliar digital environments experienced less strain and transitioned more
smoothly into remote learning. These traits reflect self-learning behaviors that appear to reduce
mental fatigue. However, this study also emphasized that digital competence alone was not
sufficient to prevent mental fatigue. Frequent platform changes, lack of support, and time
constraints were still noted as contributors to mental fatigue, even among digitally literate
students. Thus, while digital skills and adaptability offer some protection, they must be paired
with adequate support and planning to effectively reduce mental fatigue.

Personal Circumstances
Personal circumstances were examined in 7 of 17 studies, representing external environmental

and contextual factors in learners' life situations that influence their online learning experiences
and mental fatigue outcomes (Table 5).

16 | Open/Technology in Education, Society, and Scholarship Association Journal: 2026, Vol. 5(2) 1-35



Marzban, Inan, and Unal

Study Environment and Home-Based Challenges

Four studies discussed how students’ physical learning environments affected mental fatigue
(Godara et al., 2024; Massner, 2022; McCabe et al., 2023; Radovan & Makovec, 2022).
Radovan and Makovec (2022) created a Learning Conditions Index incorporating factors such
as access to quiet space, proper furniture, hardware, and reliable internet. While students with
better home learning conditions reported more positive attitudes toward distance learning and
less difficulty maintaining motivation, learning conditions did not significantly predict academic
overload in the regression model. Godara et al. (2024) found through qualitative interviews that
environmental constraints, including noise, lack of private space, interruptions from household
activities, family interruptions, and background distractions, contributed directly to increased
mental fatigue during online learning by requiring additional cognitive effort to maintain focus
and attention. McCabe et al. (2023) found that home distractions (auditory and visual
distractions) were among the top factors students reported as increasing mental resource
depletion during Zoom sessions, while comfortable environmental factors (seating, room
temperature, being alone) were associated with reduced mental fatigue. These environmental
demands represent external stressors that compound the mental fatigue experienced during
online learning.

Social Support and Relationships

Four studies identified social factors as significant moderators of mental fatigue in online
learning environments (Al Mulhim, 2023; Godara et al., 2024; Massner, 2022; de Oliveira
Kubrusly Sobral et al., 2022). Al Mulhim (2023) emphasized the importance of social
Table 5

Personal Circumstances or External Circumstances

Number of Studies

Specific Factor Mentioning Authors

Study Environment and Home- 4 studies Radovan & Makovec (2021), Godara et al.

based Challenges (2024), McCabe et al. (2023), Massner
(2022)

Social Support & Relationships 4 studies de Oliveira Kubrusly Sobral et al. (2022), Al
Mulhim (2023), Godara et al. (2024),
Massner (2022)

External Life Responsibilities 1 study Hilpert et al. (2022)

connectedness, noting that many students cited “social nearness” as a crucial factor in reducing
mental fatigue during online learning projects. Students expressed a strong need for consistent
interaction with peers and supervisors during online learning projects, which helped them
maintain motivation and reduce stress. Massner (2022) implicitly highlights social support as a
protective factor against videoconferencing fatigue, as the study's theoretical model of Zoom
fatigue identifies “the relationship among participants” (p. 613) as a crucial situational factor
influencing mental fatigue levels. Students in the study expressed significant frustration due to a
lack of free communication with their professors or peers, often feeling “muted” both literally and
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figuratively. They also reported being “disappointed that they could not easily communicate with
peers through videoconference sessions,” (p. 615) which contributed to feelings of being
“‘overwhelmed.” This inability to interact naturally with peers and instructors demanded “twice as
hard or three times as hard” (p. 611) mental effort to engage, directly contributing to their mental
fatigue level. Similarly, Godara et al. (2024) found that difficulties in social interaction within
videoconferencing environments significantly contributed to mental fatigue. Students reported
experiencing awkwardness during social interactions, with problems in turn-taking, interruptions,
and eye contact, making virtual communication mentally taxing. The study demonstrated that
the increased “mental coordination” and “vigilance” required to maintain social presence during
virtual interactions contributed to mental fatigue. This finding aligns with de Oliveira Kubrusly
Sobral et al. (2022), who found that students in online courses more frequently reported a desire
for solitude after video conferences compared to those in face-to-face learning settings.
Together, these studies suggest that disrupted social communication patterns and the
demanding nature of virtual social interactions in online environments contribute to mental
fatigue.

External Life Responsibilities

One study examined how competing life demands create an additional cognitive burden that
interacts with academic responsibilities to influence mental fatigue outcomes. Hilpert et al.
(2022) found that the psychological impact of external demands, including family responsibilities
and perceived opportunity costs, was a significant predictor of reduced academic performance
during periods of mental depletion or fatigue. Students who reported greater external sacrifices
and emotional strain performed worse during high fatigue periods, suggesting that the sfress of
managing competing demands rather than the responsibilities themselves affects students'
capacity to manage mental fatigue. This finding appears to contradict Mosleh et al. (2022), who
observed that students with children reported lower fatigue levels than those without. However,
their results suggested that the presence of external responsibilities, such as parenting, does
not inherently lead to higher fatigue and may even be associated with more effective self-
regulation and coping strategies that help students manage demands without detrimental effects
on well-being (Carney-Crompton & Tan, 2002). In contrast, Hilpert et al. (2022) focused on the
subjective experience of sacrifice and emotional strain of family responsibilities that require
students to make difficult choices. Hilpert et al. emphasize that it is the perceived cost and the
psychological burden of managing these roles, specifically when family is viewed as a source of
distraction or financial pressure, rather than the roles themselves, that lead to mental depletion
and reduced academic performance.

Discussion

The purpose of this scoping review was to systematically examine learner-related sources of
mental fatigue in online higher education. An analysis of 17 published empirical studies has
identified four interrelated categories of learner-related contributors to mental fatigue.

The result of our scoping review highlighted that health and wellness factors, namely stress,
anxiety, and depression, are the most consistently predictive and contributing factors of mental
fatigue which is consistent with the literature (Alarabiat, 2024; Gaillard, 2005; Godara et al.,
2024; Kocalevent et al., 2011; Kunasegaran et al., 2023; Mosleh et al., 2022; Nuryana et al.,
2023). Stress not only exacerbates mental fatigue but also creates a compounding effect within
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cognitive performance. Previous research has shown that when individuals engage in highly
demanding cognitive tasks, stress amplifies the depletion of attentional and working memory
resources leading to accelerated fatigue (Boksem et al., 2005; Bong et al., 2016). Chronic
exposure to stress further disrupts neural processes in the prefrontal cortex and hippocampus,
regions central to executive functioning and memory regulation, which in turn increases the risk
of cognitive overload and diminished academic performance. Anxiety similarly intensifies fatigue
by heightening worry and self-monitoring, which consume attentional and working memory
resources, reducing processing efficiency and slowing task performance (Cécillon et al., 2024;
Dirzyte et al., 2021; Robinson et al., 2013). Depression contributes through reduced motivation,
diminished executive control, and difficulties maintaining cognitive effort, all of which undermine
persistence and effective self-regulation in online environments (Dirzyte et al., 2021;
Mohammed et al., 2022; Rutkowska et al., 2022).

The consistent relationship between mental health factors and mental fatigue may be explained
through several theoretical frameworks. From a cognitive perspective, stress, anxiety, and
depression are associated with impairments in executive functioning, including deficits in
working memory, cognitive flexibility, planning, and self-regulation (Boksem et al., 2005; Faber
et al., 2012; Williams et al., 2009; Zhao et al., 2024). These executive functions are the skills of
an individual that help set objectives and create innovative, practical strategies for reaching
them (Burgess & Alderman, 2004). Moreover, these executive processes are particularly crucial
for online learning success, where students must independently manage their attention,
organize their learning, and regulate their behavior without external structure (Sy et al., 2021;
Widyanti et al., 2020). In addition, our scoping review showed that sleep was mentioned in
several studies (Mosleh et al., 2022; Salim et al., 2022; Shahriar & Kohr, 2021) as a contributing
factor to mental fatigue consistent with previous studies (Engle-Friedman, 2014; Kayser et al.,
2022). Engle-Friedman et al. (2018) found a significant association between sleep deprivation
and mental fatigue, demonstrating that sleep-deprived students not only reported much higher
levels of fatigue but also perceived academic tasks, such as reading an article, as significantly
more difficult and time-consuming. Their research further revealed that sleep deprivation impairs
cognitive processing, leading students to rely on mental shortcuts; for instance, sleep-deprived
participants were more likely to skip instructions and make judgments based on appearance
rather than systematically evaluating information. Moreover, a meta-analysis conducted by Scott
et al. (2021) demonstrated that improving sleep quality leads to significant enhancements in
mental health outcomes, including reductions in depression and anxiety. The results of this
scoping review also indicated that anxiety and depression are directly associated with mental
fatigue. These findings align with broader literature on sleep’s role in cognitive function and
mental well-being, thus explaining that disturbance in sleep and/or mental well-being might
result in lower academic achievement (Brinkman et al., 2018; Steptoe et al., 2008; van der
Heijden et al., 2018).

The findings regarding self-consciousness and mirror anxiety during videoconferencing can be
understood through several psychological mechanisms. When students see themselves on
video, they experience heightened self-awareness, which leads to continuous self-evaluation
regarding their appearance, performance, and background environment (Bailenson, 2021;
Carolli, 2023). This process is triggered by the self-view feature, which continuously displays
users' own image and functions much like a mirror that stays present throughout the meeting,
prompting ongoing self-evaluation (Bailenson, 2021). This self-monitoring involves attending to
visible characteristics such as physical appearance, mannerisms, and behaviors (Bailenson,
2021; Carolli, 2023). This constant self-monitoring consumes working memory and attentional
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resources that would otherwise be available for a learning task. The desire to present oneself
favorably is cognitively demanding, and this fixation on the self divides available attentional
resources, contributing to higher cognitive load (Carolli, 2023). Additionally, video learning
environments often trigger social comparison processes, where students compare their
appearance to perceived standards or peers, generating appearance-related anxiety that
requires ongoing emotional regulation (Carolli, 2023; Fauville et al., 2021). In addition, mirror
anxiety is the anxiety that results from seeing one's reflection, and some research indicates
women report higher levels compared to men (Fauville et al., 2021; George et al., 2022).
Individuals high in this trait are especially concerned about how others perceive them, and
expend more cognitive resources monitoring themselves (Carolli, 2023). This can lead to
increased stress, negative moods, and distraction (Bailenson, 2021).

The demographic variations observed in this review highlight that mental fatigue represents a
complex phenomenon that intersects with individual characteristics in nuanced ways. While
mental fatigue affects individuals across varying backgrounds and age groups, from working
adults balancing multiple responsibilities to younger university students adapting to new
academic demands (Kunasegaran et al., 2023), the patterns suggest that vulnerability to fatigue
is not randomly distributed. Instead, certain demographic characteristics may moderate how
individuals experience and cope with the cognitive demands of online learning environments.
The results of this study indicated that demographic variables, particularly gender and age
group, play a significant role in influencing the mental fatigue experienced by university students
engaged in online learning. The consistent finding that female students report higher levels of
mental fatigue across multiple studies in our review may be explained through several
theoretical frameworks from gender and stress research. Research in stress and coping
suggests that women and men may employ different coping strategies when facing academic
stressors (Tamres et al., 2002). Women are more likely to engage in emotion-focused coping
and seek social support, which may initially increase emotional processing demands in online
environments where social connection is limited (Graves et al., 2021). Additionally, gender role
theory suggests that women may experience additional pressure to maintain high academic
standards while managing multiple life responsibilities (Sumra & Schillaci, 2015). In online
learning contexts, these pressures may be amplified as traditional boundaries between
academic, domestic, and social spaces become blurred (Ali et al., 2021; Waterhouse et al.,
2022).

Regarding academic skills and behaviors, self-regulation strategies appear to play a critical role
in managing the consequences of mental fatigue in online learning environments. For instance,
a study by Shao et al. (2022) found that both a student's SDL approach, the ability to plan and
implement learning strategies, and their SDL attitude were significant negative predictors of
mental fatigue. This suggests that students who effectively manage their own learning may be
more resilient to the strains of online education. The importance of these skills is reinforced by
Barak et al. (2016), who found that components of self-regulation, such as planning, controlling
(monitoring), and evaluation, are essential for success in online courses. In their study, online
students demonstrated these skills more than on-campus peers and achieved better academic
outcomes. Conversely, students who felt they lacked self-discipline reported that they would
struggle in a distance learning environment, suggesting that an inability to self-regulate could
exacerbate the challenges that lead to fatigue. While the provided sources emphasize self-
regulation, they do not directly measure time management's relationship with fatigue, indicating
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a need for more focused empirical investigation into how specific behaviors like scheduling and
prioritizing tasks might moderate the fatigue burden.

Additionally, personal circumstances, including study environment, financial pressures,
caregiving responsibilities, and social support, were shown to either amplify or buffer the impact
of fatigue-related stressors. The role of the home learning environment was highlighted as a
major stressor on students' experience in online learning in several studies. For example, a
study by Alarabiat (2024), which is mentioned in our review paper, identified noisy spaces, lack
of privacy, and household responsibilities as barriers to productive engagement. This
phenomenon can be explained through environmental psychology mechanisms. Physical study
environments create what researchers term cognitive interference when environmental
demands compete with academic tasks for attentional resources (Vredeveldt & Perfect, 2014).
Distractions such as noise, limited space, and household interruptions require continuous
cognitive filtering, which depletes working memory capacity over time (Ng, 2021). Specifically,
noise can impair concentration and performance on complex tasks, and a lack of private,
dedicated study space has been linked to increased stress and lower well-being for students
engaged in online learning (Keser Aschenberger et al., 2023; Ng, 2021). These distractions not
only demand constant coping strategies but also reduce the cognitive resources available for
learning tasks, which can directly contribute to mental fatigue and stress (Bergefurt et al., 2023).
Students described developing strategies such as using headphones, creating physical barriers,
or scheduling learning activities during quieter household periods to mitigate these distractions
(Godara et al., 2024).

This four-category framework aligns with established theoretical perspectives in educational
psychology and human development. Bronfenbrenner's (1994) ecological systems theory
supports our finding that learner experiences result from interactions across multiple
environmental levels, from immediate personal characteristics to broader life circumstances.
Similarly, Kahu's (2013) student engagement framework emphasizes that student experiences
emerge from dynamic interactions between individual factors and contextual influences. The
convergence between our emergent categories and these theoretical frameworks provides
confidence in the robustness and coherence of our analytical structure.

Relationships Among Learner-Related Factors

Our analysis has revealed that the learner-related sources of mental fatigue often interact with
one another to form complex pathways that increase or decrease fatigue. Several key
interaction patterns emerged from our review.

Health and Academic Skills Interaction

The relationship between health factors and academic skills appears bidirectional. Our findings
suggest that academic self-regulation skills (planning, monitoring, and strategy use) help
manage the cognitive demands of online learning, thereby reducing susceptibility to mental
fatigue. Evidence for this comes from Agrawal & Krishna (2025), who found that learners with
stronger self-regulation experienced less negative impact of fatigue on learning satisfaction.
Seufert et al. (2024) showed that when task difficulty and cognitive load exceed a learner’s
resources, regulation strategies influence whether fatigue or overload results, and that a
mismatch leads to breakdowns in executive control. At the same time, fatigue itself can erode
executive control (e.g., sustaining attention, switching strategies), creating a reciprocal pattern
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in which those most in need of routines like exercise or time management may also be least
able to implement them without scaffolds (Graham et al., 2024; Lewczuk et al., 2022).

Demographics as Moderators

Demographic characteristics might moderate the relationships between learner-related factors
and mental fatigue. Age and gender do not directly determine whether students experience
mental fatigue, but they shape how students respond to the same academic demands. Younger
students' higher mental fatigue levels (Mosleh et al., 2022) likely reflect differences in cognitive
maturity and coping repertoires rather than age itself. It might relate to less experience with
coping strategies and time management, making them more vulnerable to overload in online
courses (Artino & Stephens, 2009). Gender differences may reflect role-related responsibilities
and social expectations (e.g., greater household demands or reliance on emotion-focused
coping), which can increase the effort needed to stay engaged when learning is digitally
mediated (Graves et al., 2021; Golmohamadi & Graham, 2025; Nomie-Sato et al., 2022). These
findings emphasize the importance of considering intersectional demographic variables, such as
age, gender, and academic level, when analyzing the development of mental fatigue, as these
factors modulate how other stressors and vulnerabilities are experienced.

Technology Factors as Mediators

Technology does more than increase cognitive load; it also shapes how learner traits turn into
fatigue. For example, having a constant self-view during videoconferencing can raise self-
awareness and make students focus on their appearance, which pulls attention and working
memory away from learning and speeds up fatigue (Ma et al., 2025; Ratan et al., 2022).
Similarly, students who are otherwise skilled with technology may still feel drained if they lack
confidence or adaptability with new platforms, showing that comfort and perception matter as
much as technical ability. In this way, technology functions as a medium through which
emotional and behavioral characteristics are magnified, influencing whether routine learning
demands escalate into mental fatigue (Beyea et al., 2025).

Personal Circumstances as Contextual Contributors

Personal circumstances, including study environment, caregiving responsibilities, financial
strain, and social support, function as contextual contributors that shape the resources students
can devote to learning. Disruptive environments (noisy or crowded spaces) and competing
family demands force frequent attentional shifts, depleting the same executive functions needed
for sustained engagement in online coursework (Keser Aschenberger et al., 2023). Similarly,
caregiving and financial pressures have been shown to heighten psychological distress and
mental fatigue in university students (Mosleh et al., 2022). In contrast, supportive conditions
such as consistent routines or reliable social support can help preserve these resources and
reduce fatigue (Alarabiat, 2024).

Implications
The results of this review have several theoretical and practical implications. First, by identifying

the critical learner-related factors, it will inform the development of more targeted online student
support services and resources and help institutions manage student mental fatigue proactively
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rather than reactively. It also provides guidance for developing more personalized support and
targeted interventions addressing individual risk factors rather than one-size-fits-all solutions.
Second, they can guide the design of professional development opportunities for online
instructors and equip them with strategies to identify and react to signs of mental fatigue in their
students. Finally, they can contribute to the ongoing redesign of the online learning environment
by suggesting ways of creating a more mentally friendly environment that accommodates the
diverse needs and characteristics of online learners. For instructional designers, it offers
guidance on how to create more inclusive and supportive online learning environments that
consider individual differences.

The multifactorial nature of mental fatigue revealed in this review has significant implications for
how educational institutions approach student well-being in digital learning environments.
Rather than treating mental fatigue as an individual student deficit, these findings suggest that
fatigue emerges from complex interactions between learner characteristics, technological
demands, and environmental circumstances. This understanding challenges current
approaches that rely primarily on individual-level interventions and suggests that effective
responses require coordinated efforts across multiple institutional levels. However, the findings
also reveal a fundamental paradox: students experiencing the highest levels of mental fatigue
often exhibit the very executive functioning deficits that traditional self-help interventions
assume are intact. This paradox indicates that institutions may need to provide external
scaffolding and environmental modifications that compensate for impaired self-regulatory
capacity while addressing the systemic factors contributing to fatigue. Moreover, these insights
underscore the importance of sleep hygiene as a critical intervention point for addressing mental
fatigue in online learning environments (Scott et al., 2021). Additionally, promoting physical
activity as a behavioral strategy to combat fatigue and highlighting its potential role in
maintaining psychological health during online learning can be provided within institutions (Chen
& Qin, 2024). The emergence of technology-specific stressors, particularly mirror anxiety and
videoconferencing discomfort, represents novel challenges that existing faculty development
and student support frameworks may not adequately address, suggesting the need for
innovative pedagogical approaches that consider the psychological demands of digital learning
environments alongside traditional instructional design principles.

Limitations

This review has several limitations. First, the majority of included studies employed cross-
sectional designs, which constrain causal claims. Second, although multiple databases were
searched (Web of Science, PsycINFO, ERIC), the focus on peer-reviewed sources may have
excluded relevant grey literature. Third, most studies were concentrated in the pandemic period
(2021-2024), which may reflect heightened stressors not representative of long-term online
learning. Fourth, measurement and terminology varied widely across studies (“mental fatigue,”
“digital fatigue,” “Zoom fatigue”), limiting direct comparability. Despite these limitations, the
scoping review methodology allowed for a broad synthesis that maps key patterns and identifies
research gaps in this emerging field. However, the findings provided should be considered
suggestions rather than conclusive due to methodological limitations. Most included studies
used cross-sectional designs, which limit the ability to establish causal inferences or explore
changes in fatigue over time. Further, expanding literature searches beyond a single database
will be important for capturing interdisciplinary perspectives and emerging studies from diverse
academic contexts.
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Recommendations for Future Research

While several key findings emerged from this review, notable gaps were also observed.
Specifically, the majority of studies employed cross-sectional designs, limiting the ability to infer
causality or track the development of fatigue over time. Future research should prioritize
longitudinal and experimental designs to clarify how specific learner-related factors influence the
onset, progression, and mitigation of mental fatigue in online learning environments.

A limited number of studies considered the effects of sleep quality and regular physical activity
(Chen & Qin, 2024; Salim et al., 2022). These connections of learners’ daily behaviors as
potential moderators of fatigue point to a growing need for research that links lifestyle and
health behaviors to cognitive outcomes in online learning. Additionally, wellness behaviors such
as mindfulness, self-care, leisure activities, and nutrition were mentioned in theoretical or
recommendation sections of some papers, but were not directly studied. This lack of empirical
work highlights an opportunity for future investigations to explore how such strategies might
buffer against fatigue, particularly under high-stress or isolated learning conditions.

Although time management was frequently mentioned as a critical factor, none of the included
studies empirically tested its relationship with fatigue. Given its centrality in models of online
learner success, future studies should examine how time management functions under different
instructional workloads. Finally, motivational processes, including autonomy, competence, and
relatedness, received limited attention and were often addressed indirectly. Future research
should empirically examine how motivation functions as both a precursor and consequence of
fatigue in sustained online learning environments. Continued investigation into underexplored
areas, such as wellness behaviors, digital interaction stress, and motivational processes, will be
essential to designing effective, evidence-based interventions for reducing mental fatigue and
promoting sustainable engagement in online learning.

The temporal concentration of included studies (2021-2024) reflects the emergence of learner-
related mental fatigue as a research focus during and after the COVID-19 pandemic, when
online learning became widespread. While our search strategy encompassed publications from
2003 to 2024, the lack of pre-pandemic studies meeting our inclusion criteria suggests that
research on learner-related sources of mental fatigue in online higher education is a relatively
new area of inquiry. This temporal limitation means our findings may be influenced by
pandemic-specific stressors and may not fully represent mental fatigue patterns in typical online
learning contexts. Future research should examine whether these patterns persist in post-
pandemic online learning environments.

Conclusion

This scoping review aimed to systematically map and synthesize the existing literature on
learner-related sources of mental fatigue in online higher education. By analyzing 17 empirical,
published studies, we identified four interconnected categories of factors contributing to mental
fatigue: health and wellness factors, individual characteristics, academic skills and behaviors,
and personal circumstances. These categories form a comprehensive, learner-centered
framework that deepens our understanding of how psychological, behavioral, contextual, and
demographic factors shape fatigue experiences in digital learning environments. The framework
developed through this review offers practical implications for educators, instructional designers,
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and institutional leaders seeking to support student well-being in online education. It highlights
the importance of addressing not only students’ cognitive and emotional needs but also the
broader life circumstances and digital environments in which learning occurs. By consolidating
evidence across recent studies, this review highlights the urgent need for holistic responses that
combine individual scaffolds, supportive teaching practices, and institutional policies designed to
protect cognitive well-being. While methodological and temporal limitations temper strong
conclusions, the framework presented here provides a foundation for both future research and
practical action aimed at fostering sustainable engagement and reducing mental fatigue in
online higher education.
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