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Abstract

Background: Mental fatigue is a common occupational psychological issue among knowledge workers, which can easily lead to
various psychological disorders and major accidents. However, the etiology and pathogenesis remain unclear.

Obijective: This article aims to review the research progress on mental fatigue among knowledge workers, focusing on
understanding the hazards, manifestations, theoretical models, and intervention strategies.

Methods: A thorough search was conducted on PubMed, Web of Science, EBSCOhost (CENTRAL, SPORTDicus), and CNKI using
the keywords "knowledge workers + mental fatigue" or “intellectual workers + mental fatigue", as well as on Google Scholar and
reference sources for grey literature.

Results: A total of 50 papers were included. Previous literature indicates that mental fatigue among knowledge workers occurs on
the basis of long-term, singular high-intensity work tasks causing physical fatigue, manifesting as feelings of psychological
exhaustion and boredom, involving multiple aspects of cognition, emotion, and function. There are various theoretical models of
mental fatigue, with the widely cited cognitive resource theory, self-regulation theory, underload theory, and motivation control
theory. Each theoretical model focuses on a specific aspect and fails to reveal the complete psychological mechanism of mental
fatigue. Interventions include mindfulness training, music relaxation, physical activity, and appropriate rest.

Conclusion: Mental fatigue poses a significant threat to knowledge workers, but its psychological mechanism remains unclear.
Although there are various intervention methods, they have failed to completely eliminate mental fatigue.
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1. Introduction

Knowledge workers [1] refer to employees who possess extensive
professional knowledge, high professional skills, and strong
learning and innovation abilities. They tend to be independent-
minded, pursue autonomous work, and aspire to realize their own
value. From the perspective of professional proficiency, knowledge
workers can be divided into four categories: professional technical
management, general management, professional technical, and
general technical [1].

The advantages of knowledge workers include their high
educational level, strong learning ability, rich professional
knowledge, strong innovation ability, independent consciousness,
and personal value consciousness. However, the work they engage
in is often non-repetitive, difficult to quantify, difficult to replace,
creative, and personalized. The disadvantage is that for enterprises,
due to their strong independence, there are issues of "difficulty in
use" and "difficulty in retention”; for individuals, due to the
difficulty of the work and high career expectations, they experience
greater psychological stress [2].

Mental fatigue is a state of exhaustion and boredom that arises
when individuals encounter corresponding environments,
regardless of whether they are subjected to a large amount of work,
based on the physical fatigue caused by long-term, monotonous,
and high-intensity work tasks. It manifests as psychological
resistance and abnormal stress responses in the central nervous
system [3]. Mental fatigue can reduce an individual's ability to
inhibit responses, process information, and focus attention, leading
to more occupational errors [3]. At the same time, due to decreased
ability to regulate actions, low mood, and reduced work efficiency,
individuals experiencing mental fatigue are more prone to various
psychological disorders and major accidents, posing threats to the
safety of individuals, businesses, and society at large [4-5].

Early research focused on the impact of workload on individuals
[6]. Studies have found that as working hours increase, individuals
will experience the accumulation of fatigue, which has a negative
impact on subsequent work. Over the past 20 years, with the
development of psychology and cognitive science, research on
mental fatigue has gradually shifted towards its psychological
mechanisms. Researchers have proposed that individuals not only
consume energy when performing tasks, but also consume limited
self-control resources and cognitive resources. At the same time,
researchers have begun to pay attention to the dynamic changes in
the relationship between motivation and attention under mental
fatigue, believing that mental fatigue is closely related to the
motivation intensity of individuals towards specific tasks and the
adjustment process of their attention allocation. For example,
Hopstaken [7] et al. pointed out that under mental fatigue,
individuals will experience decreased motivation and distracted
attention towards tasks.

With the advancement of industrial automation and social
development, the nature of most work has gradually shifted from
traditional manual labor to knowledge-based labor. In various
fields such as manufacturing, transportation, healthcare, and
military training, mental fatigue among knowledge workers has
become increasingly common, with an incidence rate reaching
60.3% to 63.7% [8-12]. In terms of work environment, male
employees are more prone to mental fatigue than female
employees, shift workers are more prone to mental fatigue than
those with two-day weekends, employees in clerical and technical

positions are more prone to mental fatigue than those in
management and professional technical positions, and grassroots
employees are more prone to mental fatigue than middle-level and
senior employees. In summary, the reason is that the work
environment on the front line of production and construction is
relatively poor [13]. Mental fatigue may lead to a decrease in work
efficiency and an increase in the incidence of errors. In high-risk
environments, it may even trigger accidents or catastrophic events
[4-5]. Although not all human errors can be attributed to mental
fatigue, preventing this phenomenon is undoubtedly an urgent
practical issue that needs to be addressed in all industries.
Therefore, accurately identifying the core characteristics of mental
fatigue, deeply exploring its formation mechanism, and developing
effective intervention strategies based on this have profound
practical value and theoretical significance for optimizing the work
performance of knowledge workers and promoting their mental
health.

2. Manifestations of mental fatigue
2.1 Cognitive dimension

In a state of mental fatigue, an individual's cognitive resources are
depleted to a lower level, which significantly interferes with the
decision-making process [14]. Mental fatigue can reduce an
individual's executive function. When dealing with risky choices
that require more cognitive effort for thinking and weighing,
individuals experiencing mental fatigue tend to choose
conservative options more often [15]. Additionally, mental fatigue
has a significant impact on an individual's attention allocation and
maintenance. The allocation of attention resources is a crucial
aspect of the cognitive process, determining an individual's
screening and processing of information. When dealing with novel
things in a state of mental fatigue, individuals' ability to allocate
attention resources decreases [14], leading to a reduction in the
efficiency of processing new information. A study using eye-
tracking equipment found that individuals in a state of mental
fatigue have a reduced willingness to observe the environment and
a narrowed attention span [16], which may interfere with their
decision-making process in complex tasks.

2.2 Emotional dimension

Individuals' emotional regulation ability significantly decreases
under mental fatigue [17]. Even though they can maintain normal
emotional responses, their experience of negative emotions
intensifies [18-19]. This may be due to the decline in regulation
ability, making individuals more vulnerable to stress, prone to
feelings of inferiority and self-doubt, and even inducing
psychological disorders such as anxiety and depression [19].

2.3 Functional dimension

Mental fatigue significantly impairs bodily functions. Individuals
experiencing mental fatigue exhibit notable declines in
performance in tasks such as hand-eye coordination, reaction
speed, and endurance [20-22]. This phenomenon is also manifested
in meticulous cognitive tasks like imagination [20]. Furthermore,
this decline in control ability is persistent, and its impact may
persist for some time even after the task is completed [23].

3. Relevant theories of mental fatigue
3.1 Cognitive resource theory
The core assumption of this theory is that the psychological
resources that individuals can mobilize when performing cognitive
tasks are limited [18]. This theory provides an analytical
framework for understanding the relationship between mental
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fatigue and cognitive resources. However, there are three views in
academia regarding the relationship between cognitive resource
depletion and mental fatigue. The first view holds that cognitive
resource depletion is the main factor triggering individual fatigue
experiences. When faced with multitasking, high-stress
environments, or prolonged cognitive tasks, individuals' cognitive
resources gradually become depleted, leading to a decline in
cognitive functions such as attention maintenance, memory, and
decision-making [24]. The second view emphasizes that mental
fatigue is related to the effort made in allocating cognitive
resources. Individuals often adopt multitasking strategies to cope
with work stress, which requires them to dynamically adjust the
allocation of cognitive resources between different tasks [25], and
the resource allocation process itself requires additional
psychological effort. This view argues that mental fatigue is not
merely a result of resource depletion, but rather the cumulative
effect of the psychological effort individuals invest in the resource
allocation process [26]. The third view suggests that mental fatigue
may be a strategic behavior adopted by individuals to protect their
limited cognitive resources. Mental fatigue can prompt individuals
to reduce further consumption of cognitive resources, thereby
protecting them from the negative effects of cognitive overload [7].
This view emphasizes the adaptive function of mental fatigue,
which prevents excessive consumption of cognitive resources by
reducing engagement in tasks.

3.2 Self-regulation theory

Self-regulation refers to an individual's ability to autonomously
manage and control their own behavior, emotions, and cognitive
processes. It is a core component of executive function [27]. The
composition of self-regulation involves multiple levels, including
the setting of behavioral standards, continuous monitoring of
behavior, the application of self-control strength, and the
stimulation and maintenance of motivation [27]. This ability is
crucial for individuals to achieve task goals and maintain mental
health. In psychological research, self-control is widely recognized
as a limited psychological resource, which availability may
decrease under continuous cognitive load, leading to the so-called
"ego depletion" phenomenon [27]. In a state of ego depletion, an
individual's self-control resources are difficult to quickly recover,
resulting in a higher risk of failure in subsequent self-control
attempts [27]. Other researchers believe that mental fatigue is a
cognitive and emotional state experienced by individuals after
continuously performing self-control tasks. This state not only
reflects the impact of previous tasks but may also be a mediating
variable affecting an individual's performance in subsequent tasks
[28]. When individuals are in a state of mental fatigue, they
perform worse on tasks requiring self-control, which may be
because mental fatigue weakens the cognitive resources and
motivation levels required for individuals to maintain self-control
[28].

3.3 Under-load Theory
The Under-load Theory posits that when individuals face tasks that
are less challenging than their cognitive abilities, the lack of
sufficient challenge leads to a decrease in endogenous rewards,
requiring them to invest more cognitive resources to maintain
attention and suppress distracting tendencies. The Time-On-
Operating (TOO) procedure can be used to simulate and explore
the potential impact of prolonged simple work on individuals'
psychological and physiological states. In such procedures,
participants are typically required to complete a series of
monotonous and highly repetitive tasks. Through methods such as

measuring using the NASA-TLX (Task Load Index) scale,
participants' subjective reports, and eye-tracking technology,
researchers have observed signs of mental fatigue in subjects after
completing tasks [28]. These signs include but are not limited to
decreased attention, the emergence of negative emotions, and a
decline in work performance. Furthermore, some studies have
explored the impact of repetitive tasks on individuals' emotional
states from an emotional perspective. These studies indicate that
individuals may experience an emotional void and
meaninglessness when performing tasks with low stimulus levels,
leading to boredom [29]. This emotional experience further
exacerbates mental fatigue, thereby affecting their overall work
performance and mental health.

3.4 Motivation Control Theory

Motivation Control Theory emphasizes the trade-off between task
costs and expected rewards, and uses this framework to explain the
emergence of mental fatigue. According to this theory, mental
fatigue can be regarded as an adaptive state that maintains effective
management of overall goals [30]. The subjective experience of
mental fatigue arises from conflicts between current goals and
competing goals or action tendencies. That is, when individuals
perceive that the costs of a task (such as time, energy, or
psychological resource investment) exceed the rewards obtained or
punishments avoided by completing the task, mental fatigue
emerges as a signal, prompting individuals to adjust their behavior
to slow down or suspend task execution [30]. In studies on the
relationship between motivation intensity and task performance,
researchers have found that individuals with higher motivation
levels exhibit relatively stable performance levels and less fatigue
when facing tasks, while individuals with lower motivation levels
experience decreased performance and fatigue. It can be seen that
motivation intensity plays a key role in maintaining task execution
and preventing mental fatigue.

4. Intervention methods for mental

fatigue

The manipulations of autonomous self-control exertion, person-fit,
nature exposure, mindfulness, and transactional direct current
stimulation showed that positive interventions counteract MF and
improve sport-specific performance in different domains, including
strength, speed, skill, stamina, and perceptual-cognitive skills. The
selected interventions could significantly counteract MF and
improve subsequent sport-specific performance. Moreover, self-
regulation and attention resources showed the importance of the
potential mechanisms behind the relevant interventions [31].

4.1 Mindfulness training
Through mindfulness training, individuals can significantly reduce
stress levels, anxiety, and psychological discomfort, thereby
promoting overall physical and mental health and improving sleep
quality [32]. In addition, individuals who have undergone
mindfulness training exhibit better problem-solving and
psychological recovery abilities when facing cognitive tasks and
exercise challenges [33], indicating that mindfulness training has a
positive effect on alleviating mental fatigue [34]. Research in the
field of cognitive psychology reveals the mechanism of action of
mindfulness training, which is to help individuals with limited
cognitive resources cope with task demands more efficiently by
optimizing the allocation of cognitive resources [26]. From the
perspective of self-control, the process of mindfulness training can
reduce automatic reasoning, meaning that individuals will not
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immediately react when faced with information, but will be able to
observe and evaluate the situation more objectively. This de-
automated response helps reduce psychological effort and alleviate
mental fatigue [35]. Some scholars also believe that by improving
individuals' insight into their own thoughts and emotions,
mindfulness training enables them to be aware of their
psychological state and adopt appropriate coping strategies [36].
This self-awareness allows individuals to better manage their
emotions and alleviate mental fatigue when faced with stress. It has
also been noted that the effectiveness of mindfulness training is
influenced by individual training experience. Individuals who lack
mindfulness training experience or have insufficient training time
may not achieve significant results in alleviating mental fatigue
[37]. That is to say, in order to achieve the effect of alleviating
mental fatigue, individuals need a certain degree of practice and
time investment to cultivate and consolidate mindfulness skills.

4.2 Music relaxation

Music, as a cross-cultural art form, has been proven to have a
significant positive impact on an individual's emotional state,
which in turn may lead to positive effects on cognition and motor
performance [38]. Studies have shown that listening to music can
stimulate the brain to secrete more dopamine, a neurotransmitter
associated with reward, pleasure, and motivation, which is closely
related to the enhancement of positive emotions and the reduction
of perceptual consumption [39]. Under the condition of performing
cognitive tasks, listening to relaxing music chosen by the
individual can effectively alleviate the mental fatigue induced by
task execution [23]. This phenomenon has been further confirmed
in event-related potential (ERP) research. The P3 amplitude in ERP
signals, an important indicator for evaluating cognitive function
and attention state, decreases less in the music intervention group
compared to the control group, indicating that music helps
maintain cognitive control processes and assists individuals in
maintaining a higher performance level during cognitive tasks [40].
Music also has a good mood-regulating effect. Through
psychological mechanisms such as evaluative conditioning, visual
imagery, and episodic memory, music can significantly affect an
individual's emotional response [41]. Neuroscience research further
reveals that music can activate brain regions related to emotional
processing, such as the amygdala, nucleus accumbens, and
hippocampus [42]. By activating these brain regions, music can
regulate emotional states and alleviate fatigue caused by emotional
fluctuations.

The types of music interventions that counteract mental fatigue
include relaxing, exciting, and personal preference music, all of
which were associated with decreased subjective feelings of mental
fatigue and changes in objective physiological markers. Cognitive
performance, particularly in inhibition and working memory tasks
impaired by mental fatigue, was countered by both relaxing and
exciting music. Exciting music was found to decrease reaction time
more effectively than relaxing music in working memory tasks.
The physiological marker of steady-state visually evoked potential-
based brain-computer interface (SSVEP-BCI) amplitude increased,
confirming that exciting music counteracts mental fatigue more
effectively than relaxing music. Behavioral performance in tasks
such as arm-pointing, the Yo-Yo intermittent test, and the 5 km
time-trial, which were impaired by mental fatigue, were
counteracted by personal preference music. Relaxing music,
exciting music, and personal preference music effectively
counteract mental fatigue by reducing feelings of fatigue and
mitigating performance decrements. Individuals engaged in

mentally demanding tasks can effectively counteract concurrent or
subsequent cognitive performance decrements by simultaneously
listening to relaxing or exciting music without lyrics or by using
music during recovery from mental fatigue. Exciting music is more
effective than relaxing music in counteracting mental fatigue.
Personal preference music is effective in counteracting behavioral
performance decrements in motor control and endurance tasks.
Mentally fatigued individuals could apply personal preference
music to counteract subsequent motor control performance
decrements or simultaneously listen to it to counteract endurance
performance decrements [43].

4.3 Physical activity

There were two conditions. In the experimental condition, the
participants first performed an arm-pointing task, then carried out a
32-min cognitively demanding task to induce mental fatigue
(TLDB task), followed by another arm-pointing task at the end of
the experiment. Between the end of the cognitively demanding task
and the last arm-pointing task, 20 min went during which
participants performed either 15 min of physical activity, of
listening to music or of discussion (control). The subjective feeling
of mental fatigue was assessed before each arm-pointing task and
after the cognitively demanding task. For "physical activity" and
"listening to music" groups, EEG was recorded at rest after each
evaluation of subjective feeling of mental fatigue and during the
cognitively demanding task. An increase in alpha power during the
cognitively demanding task evidenced the presence of mental
fatigue, without recovery during the following 20-min period. In
the control condition, the arm-pointing task performance was
deteriorated 20-min after the cognitively demanding task, while it
remained stable after both physical activity and listening to music.
Furthermore, recovery on the subjective feeling of mental fatigue
was similar for both groups. The present results suggested that
practicing physical activity and listening to music could be
efficient strategies to counteract the negative effects of mental
fatigue on motor performances [44].

4.4 Appropriate rest
Rest is not only a process of physiological function recovery but
also a crucial mechanism for the reconstruction of psychological
and cognitive resources. After undergoing prolonged tasks
requiring focused attention, knowledge workers need to recover
their cognitive resources through rest, and this recovery process
often takes longer than the task itself [45]. Arranging appropriate
breaks during continuous cognitive or operational tasks can
interrupt the accumulation of mental fatigue [46]. Neuroscience
research further reveals changes in brain activity during rest,
especially in key brain regions such as the prefrontal and parietal
lobes, which maintain attention control and executive function.
Rest provides these brain regions with opportunities to restore
dynamic functional connectivity, thereby enhancing the overall
efficiency and information processing capabilities of the brain
network [47]. The way of rest also has a certain impact on the
recovery of mental fatigue. Studies indicate that engaging in self-
selected and enjoyable activities during rest can not only provide
psychological satisfaction but also enhance individuals' intrinsic
motivation and promote the establishment of new resources [48].
In addition, adopting some intervention strategies during rest, such
as taking a 15-30 minute nap, practicing systematic breathing, or
engaging in mental imagery, can help individuals recover from
subjective feelings of mental fatigue more quickly [49]. The
duration of rest is also crucial for the recovery of cognitive
abilities. Studies show that only through adequate rest can
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knowledge workers return to their optimal state in subsequent
cognitive tasks or physical activities [50].

5. Conclusion

In recent years, the academic community has increasingly
recognized the detrimental effects of mental fatigue among
knowledge workers and the importance of mitigating it. However,
previous research on the causes, influencing factors, and
intervention strategies of mental fatigue remains relatively scarce.
Simultaneously, as neural mechanisms constitute the biological
foundation of mental fatigue, research in this area has been
significantly propelled by the rapid advancements in neuroscience,
making it a research hotspot over the past decade. Researchers tend
to explore the mechanisms of mental fatigue from a
neurobiological perspective, with relatively less in-depth
exploration from an individual psychological perspective. Research
from a psychological perspective not only aids in unveiling the
psychological causes of mental fatigue but also provides more
direct theoretical support for daily psychological interventions
among knowledge workers. In future research, it is imperative to
delve into the multidimensional influencing factors of mental
fatigue, encompassing psychological and sociological elements
such as work stress, work environment, and individual differences
(particularly physical and personality differences), to construct a
more comprehensive and specific theoretical model and develop
diverse intervention methods to assist knowledge workers across
various industries in establishing mechanisms for preventing and
managing mental fatigue.
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