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ABSTRACT

The rapid transition from traditional to digital education has significantly transformed teaching and learning processes. Modern classrooms are now equipped
with multimedia technologies such as interactive boards, projectors, and internet-enabled tools, making education more flexible and accessible. However,
the excessive use of digital technology has introduced new challenges, particularly digital fatigue among students. Digital fatigue is characterized by mental
exhaustion resulting from prolonged screen exposure, repetitive digital content consumption, and limited face-to-face interaction.

The increasing reliance on digital platforms has been associated with reduced motivation, lower efficiency, and heightened stress among students. Prolonged
screen use can also lead to physiological issues such as headaches, eye irritation, difficulty concentrating, and sleep disturbances, commonly referred to
as digital eye strain. In addition to physical effects, digital learning environments contribute to psychological challenges, including anxiety, emotional
exhaustion, and burnout, which negatively affect students’ academic performance and overall well-being.

Sleep disruption further exacerbates these problems, as excessive screen time interferes with rest and recovery. Moreover, the lack of clear boundaries
between academic and personal time in digital settings can result in continuous mental strain. The physical classroom environment also plays a crucial role,
as factors such as improper lighting, glare, and poor viewing distances can intensify visual discomfort and fatigue.

While multimedia technologies enhance interactivity and accessibility in education, their unregulated use may adversely affect students’ cognitive, visual,

and emotional health. Despite the implementation of hybrid learning models, there remains a need for more structured and effective strategies to address

digital fatigue. This study highlights the importance of promoting digital well-being through balanced technology use, ergonomic practices, and improved
classroom design.
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Introduction

The rapid shift from traditional classrooms to digital education
has significantly changed how teaching and learning take place.
Today, classrooms are equipped with multimedia tools such
as interactive boards, projectors, and internet-based platforms,
making education more flexible, accessible, and convenient.
These technologies have enhanced the learning experience by
allowing students to access information quickly and engage
with content in more interactive ways. However, this increased
reliance on digital technology has also introduced new challenges.
One of the most common issues is digital fatigue, where students

feel mentally exhausted due to long hours of screen exposure,
constant consumption of digital content, and limited face-to-face
interaction. This shift has not only affected how students learn
but also how they feel and perform academically.

Studies show that exposure to large amounts of online content,
including advertisements and multiple learning platforms, can
reduce students’ motivation [1]. In addition, managing several
digital devices and academic tasks at the same time can become
overwhelming, leading to stress and reduced efficiency [2].
These concerns highlight the importance of understanding the
broader impact of digital education on students.

Physiological Effects and Digital Eye Strain
Prolonged use of digital devices can lead to several physical
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health issues, including headaches, eye irritation, difficulty
concentrating, and sleep disturbances. These symptoms are
commonly linked to digital eye strain, also known as computer
vision syndrome [3,4]. Continuous exposure to screens,
especially when combined with repetitive or low-quality
information, can increase mental fatigue and reduce students’
ability to stay focused. Over time, this can negatively affect both
their comfort and academic performance.

Psychological Impacts

Anxiety and Burnout

The growing use of technology in education has also had a
strong impact on students’ mental health. Increased screen
time and academic demands can contribute to higher levels
of stress, anxiety, and burnout. Students in demanding fields
are particularly affected, as they often have to manage heavy
workloads along with constant digital engagement [5].

During the pandemic, prolonged online learning combined
with isolation and other challenges further increased emotional
stress and reduced academic motivation [6]. Although solutions
like hybrid learning have been introduced, there is still limited
evidence on how effective they are in reducing these issues.

Sleep Disruption and Emotional Exhaustion

Excessive use of digital devices can disrupt sleep patterns by
keeping the brain active for long periods, making it difficult
to relax and fall asleep [7]. Poor sleep can negatively affect
concentration, memory, and overall academic performance.

Emotional exhaustion, which is a key sign of burnout, often leads
to irritability, anxiety, and a feeling of not meeting expectations
[8,9]. Another important factor is the lack of clear boundaries
between study time and personal life. Since students are often
online throughout the day, it becomes difficult to disconnect,
leading to continuous stress and fatigue. This highlights the need
for better digital habits, such as taking breaks and managing
screen time.

Role of Classroom Environment and Visual Ergonomics
The physical classroom environment plays an important role
in students’ comfort, alertness, and learning outcomes. With
the increasing use of digital displays such as smart boards and
projectors, factors like lighting, glare, and viewing distance have
become more important. Poor lighting and improper positioning
can lead to visual discomfort and fatigue [10, 11].

Digital eye strain affects a large number of users and includes
both eye discomfort and visual difficulties [12]. Ergonomic
factors such as viewing distance, angle, and screen brightness
are essential for maintaining visual comfort. For example, ideal
viewing distances can range from 20—60 cm for personal devices
to 2—10 meters for projectors, while wider viewing angles can
reduce clarity [13].

Impact of Multimedia Display Technologies

Multimedia technologies such as interactive panels and
projectors have made learning more engaging and easier to
understand. They support better visualization and help students
grasp complex concepts more effectively. However, their

prolonged and unregulated use can also lead to health and
ergonomic issues.

Studies show that extended use of interactive panels can
increase visual and general fatigue among students [14]. In
addition, improper use of these technologies can negatively
affect classroom conditions and students’ cognitive and visual
performance [15-17]

Projectors, although widely wused, depend heavily on
environmental conditions such as lighting and screen quality.
Poor brightness, glare, and uneven lighting can reduce visual
clarity and increase strain, affecting both comfort and learning
effectiveness. Table 1 show benefits vs drawbacks of Multimedia
Technologies.

Table 1: Benefits vs Drawbacks of Multimedia Technologies

Aspect Benefits Drawbacks
Learning Interactive and Cognitive overload
Experience engaging content
Accessibility | Easy access to digital | Screen dependency

resources
Teaching Improved Visual fatigue
Efficiency visualization
Flexibility Supports remote and | Reduced engagement
hybrid learning over time
Methodology
Study Design

This study uses a systematic narrative review to explore
how multimedia display technologies affect visual fatigue
and learning effectiveness. A narrative review was chosen
because the topic covers multiple fields, including ergonomics,
educational technology, ophthalmology, and psychology. This
approach makes it possible to combine findings from different
types of studies, both qualitative and quantitative, to build a
broader understanding of the issue.

Search Strategy

To collect relevant studies, a detailed literature search was
carried out using several well-known academic databases. These
included:

*  PubMed

*  Google Scholar

*  ScienceDirect

*  ResearchGate

A range of keywords was used to find related research, such as:
»  digital fatigue

*  visual fatigue

» digital eye strain

*  multimedia learning

* interactive panels

*  projectors in education

e screen time and learning

These keywords were combined using Boolean operators to
improve search accuracy. Examples include:
*  “Digital fatigue” AND “education”
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*  “Visual fatigue” OR “digital eye strain”

e “Multimedia display technologies”
effectiveness”

e “Interactive panels” OR “projectors” AND “visual comfort”

The search focused on studies published between 2000 and

2025, allowing both earlier foundational research and more

recent findings to be included.

AND  “learning

Inclusion Criteria

Studies were selected based on the following criteria:

*  Published between 2010 and 2025

*  Focused on students or educational settings

*  Addressed visual, cognitive, or psychological effects
*  Published in peer-reviewed journals

e Written in English

Exclusion Criteria

Studies were excluded if they met any of the following

conditions:

e Published before 2010

*  Focused only on non-educational contexts (such as gaming
without learning relevance)

*  Lacked clear relevance to visual, cognitive, or psychological
outcomes

*  Were duplicates or non-scholarly sources

*  Not related to digital device usage

*  Were conference abstracts, editorials, or opinion-based
articles

*  Did not provide sufficient methodological details

Discussion

The findings of this review highlight that the relationship between
multimedia display technologies, visual fatigue, and learning
effectiveness is both complex and interconnected. While modern
display technologies—such as high-resolution screens, adaptive
brightness, and interactive interfaces—have improved how
educational content is delivered, they also introduce challenges
that affect students’ physical comfort and cognitive performance.

A key observation across the literature is that prolonged screen
exposure remains one of the main causes of visual fatigue.
Several studies have shown that extended use of digital devices
can lead to symptoms such as eye strain, headaches, and reduced
visual clarity [3,4,12]. These effects are often worsened by
factors such as improper viewing distance, poor posture, screen
glare, and unsuitable lighting conditions [10,11,17]. In addition,
environmental lighting and display luminance significantly
influence visual comfort, with poor lighting design contributing to
increased fatigue and reduced performance. de Kort, Wang et al,
Kim et al. 2017 [18].

Despite improvements in display technology, such as better
resolution and brightness control, visual fatigue continues to
persist. This suggests that technological advancements alone
are not sufficient; user behavior and ergonomic practices are
equally important. For example, inappropriate viewing angles
and distances have been shown to negatively affect both comfort
and task performance Shieh & Lee [13].

At the same time, multimedia technologies offer clear benefits for
learning. Interactive and visually rich content can improve student

engagement, understanding, and retention of information. These
findings align with cognitive learning theories, which emphasize
the importance of combining visual and auditory information to
enhance comprehension. However, when multimedia content
becomes too complex or overwhelming, it can lead to cognitive
overload, reducing learning efficiency Small et al.

Animportant trade-off emerges between engagement and fatigue.
Highly interactive and immersive environments can capture
students’ attention and improve motivation, but prolonged
exposure to such environments may increase visual and mental
strain. Studies on interactive panels and digital learning tools
show that extended use can result in both visual and general
fatigue among students [14-16].

Another important aspect is the psychological impact of
prolonged digital exposure. Increased screen time has been linked
to stress, burnout, and reduced mental well-being, particularly
among students managing heavy academic workloads [5].
During the COVID-19 pandemic, factors such as isolation and
continuous online learning further increased emotional stress
and reduced motivation [6]. In addition, exposure to excessive
digital content, including advertisements, can reduce focus and
motivation [1], while managing multiple digital platforms can
lead to fatigue and decreased productivity [2].

Sleep disruption is another critical issue. Prolonged use of digital
devices, especially before bedtime, interferes with sleep quality
and overall cognitive functioning [7]. Poor sleep, combined
with continuous academic demands, contributes to emotional
exhaustion and burnout, which are characterized by irritability,
anxiety, and reduced performance [8,9].

Individual differences also play an important role in how students
experience digital fatigue. Factors such as age, visual health, and
familiarity with digital tools influence both comfort and learning
outcomes. Research suggests that excessive screen use among
young individuals may increase the risk of visual impairment
and other health concerns over time.

The duration and context of technology use further influence its
impact. Short-term use of multimedia tools can enhance learning
and engagement, but long-term or continuous use without breaks
leads to increased visual strain and reduced effectiveness. This
supports the importance of structured usage patterns, including
regular breaks and adherence to ergonomic guidelines ISO
9241-303, 2011 [19].

Finally, the review highlights several gaps in existing research.
Many studies focus on isolated factors such as brightness or
viewing distance, rather than considering the combined effects
of physiological, cognitive, and environmental variables. There
is also a lack of long-term studies examining the impact of
emerging technologies such as virtual and augmented reality on
students’ visual health and learning outcomes.

Overall, the discussion suggests that while multimedia
technologies have the potential to significantly enhance
education, their benefits can only be fully realized when
combined with proper ergonomic design, balanced usage, and
attention to students’ physical and psychological well-being.
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Conclusion

This review shows that multimedia display technologies have
both positive and negative effects on education. They improve
learning by making content more interactive, accessible,
and engaging, which enhances student understanding and
participation.

However, excessive and unregulated use of these technologies
can lead to visual fatigue, including eye strain, headaches, and
reduced comfort. It can also contribute to psychological issues
such as stress, burnout, and reduced academic performance,
especially when screen time is prolonged without proper breaks
or ergonomic support.

The impact of multimedia learning depends not only on the
technology itself but also on how it is used, including factors like
lighting, viewing distance, and duration of exposure. Therefore,
a balanced approach is necessary to maximize benefits while
reducing health risks.

To address these challenges, institutions should promote
ergonomic practices, encourage regular breaks, improve
classroom environments, and adopt hybrid learning methods.
Overall, while multimedia tools are essential in modern
education, their use should be carefully managed to support both
learning effectiveness and student well-being.
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