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Abstract

This article examines neuroscience’s role in addressing mental exhaustion among adolescent students. It evaluates
how adolescence involves significant structural and functional reorganization, especially in the prefrontal cortex
and limbic system. This developmental asynchrony increases vulnerability to chronic stress, cognitive fatigue,
and emotional dysregulation. The proposed framework illustrates that public health initiatives and educational
policies may enhance neural resilience by prioritizing biological factors essential for brain health. Evidence
suggests that chronic stress affects the developing brain, leading to significant changes in neural circuits that
increase susceptibility to psychiatric disorders. The article concludes that although Circuit-Targeted Regimen
and Biological Anchors may initially increase learning demands, these challenges lead to lasting benefits.
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Introduction

The humanbrain continually scans and samples itsimmediate
environment, accessing information to predict danger,
reward, or punishment. In this way, the brain functions as a
sophisticated simulation or statistical program, processing
and integrating incoming data to extrapolate the nature
of the external world and anticipate future developments
(Friston, 2010; Ortega & Braun, 2010). When the external
environment changes, the brain evaluates which strategy
best protects overall well-being. Learning and memory are
biological phenomena arising from physical changes in
neural connections and intrinsic excitability. (Desai et al,,
1999) As educators, we want students to learn, integrate, and
retain information so they can apply it in real-world contexts.
To be effective, we must understand how to optimize our
classroom environment, virtual or in-person, to facilitate the
neural changes necessary for learning. Insight into how the
brain functions in educational settings can improve both our
teaching practices and students’ learning outcomes. (Kaufer,
2011) As neuroscientists, we are uniquely positioned to
understand these processes and help students understand
them. Emotional burnout is a leading problem worldwide.
(Friedrich, 2017) Workplace psychosocial stress significantly

increases the risk of depression, anxiety, and stress-related
disorders. (Xu et al., 2023) Prolonged exposure to such stress
often results in burnout, a multidimensional syndrome
recognized in organizational psychology. (Aronsson et
al, 2017) When burnout leads to significant distress and
functional impairment, it is classified as clinical burnout.
In Sweden, exhaustion disorder (ED) is a formal diagnosis
equivalent to clinical burnout, characterized by physical and
psychological exhaustion. (Lindsater et al.,, 2022).

Adolescence is a transitional period between childhood and
adulthood, initiated by the onset of puberty and marked by
hormonal, physical, psychological, and social changes. This
developmental stage generally includes individuals aged 10
to 19 years, although some evidence suggests it may extend
to age 25. (Sheth et al,, 2017) In rodent models, adolescence
is defined as the period between 35 and 60 days of age.
(Adolescent Transitions in Reflexive and Non-Reflexive
Behavior: Review of Fear Conditioning and Impulse Control
in Rodent Models, 2015) In humans, this phase is associated
with increased exposure to stressors, behavioral changes,
and the onset of psychiatric disorders. (Sheth et al., 2017)
Chronic stress is strongly associated with psychopathology
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during adolescence, contributing to depression, anxiety,
and other internalizing and externalizing disorders. (Sheth
etal, 2017, p. 2470547017715645) This review focuses on
chronic stress as conceptualized by the “sustained threat”
construct in the RDoC matrix, defined as “environmental
events or chronic conditions that objectively threaten the
physical and/or psychological well-being of an individual.”
(Sustained Threat, n.d.) Multiple sources of chronic stress
during adolescence have been identified, including poverty,
economic hardship, personal or parental chronic illness, and
chronic maltreatment, abuse, and neglect. (Shirtcliff et al.,
2024).

Although the social and emotional consequences of
classroom stress are well documented, the physiological
effects on the brain are equally significant. The Yale Center
report further notes, “Emotions like anxiety and fear disrupt
concentration and interfere with thinking. Chronic stress,
especially when poorly managed, can cause persistent
activation of the sympathetic nervous system and the release
of stress hormones like cortisol. Prolonged release of this and
other chemicals impacts brain structures associated with
executive functioning and memory, diminishing educators’
ability to be effective and undermining student learning.”

Mental exhaustion often develops after prolonged periods of
studying the same material, working on a single project, or
enduring years of continuous schooling. Unlike temporary
frustration or fatigue, burnout is a chronic response to
sustained academic demands that results in emotional,
mental, and physical exhaustion. Contributing factors
include academic pressure, demanding schedules, social
and family expectations, extracurricular commitments,
and ongoing performance requirements. Symptoms
may include emotional exhaustion, declining academic
performance, physical complaints, difficulty concentrating,
and reduced motivation (Supervia & Bordas, 2020). Chronic
academic burnout can significantly impair students’
academic and emotional well-being. Among adolescents,
additional stressors such as peer pressure, social media,
sleep deprivation, identity development, family conflict,
and uncertainty about the future may intensify burnout.
A prevention-focused approach is necessary (Zhao et al.),
emphasizing the importance of recognizing when stress
becomes persistent, intensifies, or disrupts daily functioning,
rather than categorizing every challenging week as burnout.

In contrast, mental fatigue results from sustained mental
workload, does not involve panic or performance pressure,
and is characterized by mental tiredness, reduced attention,
and impaired executive function. (Hopstaken et al., 2016).
High engagement is generally associated with improved
academic performance, while elevated burnout is linked
to diminished academic progress (Reyes-de-Cézar et al.,
2023). Although engagement and burnout were previously
conceptualized as points on a continuum, recent research
indicates that these constructs are distinct (Cano et al,
2024).

Burnout consists of three dimensions: emotional exhaustion,
cynicism, and perceived incompetence (Burnout: A Review
of Theory and Measurement, 2022). Emotional exhaustion,
characterized by study-related strain, stress, and chronic
fatigue stemming from academic demands, is often the
initial indicator of study burnout (Jonge et al.,, 2019). This
dimension is also associated with threats to student well-
being, including worry, anxiety, and stress. Monitoring
emotional exhaustion is valuable for research because it
enables early detection and informs the development of
prevention strategies (Klinkenberg et al., 2024).

Emotional exhaustion negatively affects students’
academic outcomes. Students experiencing higher levels of
emotional exhaustion report lower academic attainment
and reduced commitment to their studies (Klinkenberg
et al,, 2024, pp. 1837-1851). Emotional exhaustion is also
inversely associated with study engagement. Researchers
have examined protective factors for well-being, such as
perceived resilience, in relation to emotional exhaustion.
Greater resilience is negatively correlated with emotional
exhaustion, suggesting that resilience may help buffer
against student burnout (luga & David, 2024).

Neuroscientific research shows that students can mitigate
emotional burnout by shifting from reactive survival
mode to a reflective, self-regulated mindset (Morawetz et
al., 2020, pp. 382-395). Chronic academic stress elevates
glutamate levels, which impairs the prefrontal cortex, the
region responsible for focus and emotional regulation, and
enables the amygdala, the brain’s primary threat detector, to
exert greater influence (Pace et al,, 2020). Neuro-education
models provide students with evidence-based strategies to
reduce cortisol, minimize cognitive inefficiency, and enhance
neural resilience (Tabibnia, 2020, pp. 321-350). The brain
continuously monitors its environment, collecting sensory
information to evaluate safety, threat, reward, or punishment
(Levy & Schiller, 2020). It functions as a simulation system,
processing data to interpret external stimuli and anticipate
future events (Echeveste et al, 2020). In response to
environmental changes, the brain selects adaptive strategies
to maintain well-being.

The brain detects environmental changes through sensory
inputs such as vision and hearing, which evolutionarily
older structures initially process, including the brainstem,
midbrain, and limbic system (Fritzsch etal., 2022). The limbic
system assigns emotional significance to specific stimuli
(Gothard, 2020). Emotions arise from neurophysiological
responses to external stimuli, demonstrating that the brain
is inherently emotional even at its most fundamental levels
(Malezieux et al, 2023, pp. 211-231). Decision-making
related to well-being depends on recognizing desired
outcomes, as individuals choose actions they expect to
produce favorable results and avoid those likely to lead
to negative consequences. After this initial processing,
both “liking” and “disliking” reflect emotional valence;
sensory information and its emotional context are relayed
to the cortex, where higher-order reasoning and conscious
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awareness occur.

Neuroscienceinformation demonstrates significantpersuasive
power. Multiple studies indicate that including neuroscience
explanations enhances the appeal and perceived credibility of
psychological phenomena. (Bennett & McLaughlin, 2024, pp.
290-307) For example, participants evaluated a psychological
phenomenon more favorably when it was accompanied by a
neuroscience explanation than when it was presented with
no explanation, a social science explanation, or a natural
science explanation. (Bennett & McLaughlin, 2024, pp. 290-
307) Additionally, brain-imaging visuals, rather than bar
graphs showing identical data, further increase positive
evaluations of scientific findings. (McCabe & Castel, 2008, pp.
343-352) Consequently, the persuasive influence, or “allure,’
of neuroscience information can be strategically used to shape
beliefs about resilience.

Literature Review

Adolescent mental exhaustion, frequently resulting from
prolonged academic stress, socio-emotional changes,
and developmental transitions, represents an increasing
concern within contemporary education. Recent advances
in developmental cognitive neuroscience provide essential
insights into the adolescent brain’s heightened vulnerability
to burnout. This review synthesizes current literature
on the neurobiological foundations of adolescent stress,
the consequences of sustained cognitive demands, and
neuroscience-based interventions designed to reduce
exhaustion and promote academic resilience. Neuroscientific
research elucidates the unique vulnerability of adolescent
students to mental exhaustion and identifies evidence-based
strategies to safeguard their developing brains. (Sleep as a
moderator of adolescent brain development—evidence from
alongitudinal MRI study, 2026) Adolescence is characterized
by extensive neural remodeling, which enhances adaptability
but also increases susceptibility to the adverse effects of
chronic stress. (Eiland & Romeo, 2013, pp. 162-171).

Stress intensifies mental fatigue, especially during tasks
that require significant cognitive and attentional resources.
Stress impairs learning by directly affecting brain regions
involved in working memory, which increases the risk of
cognitive overload. (Almarzouki, 2024) This escalation
of mental fatigue may contribute to depression and other
mental health and social difficulties. (Gavelin et al., 2020)
Recent increases in suicide rates, particularly following
the global pandemic that began in 2019, and evidence that
physicians experience suicide rates 44% higher than the
general population due to burnout and mental exhaustion,
highlight the critical importance of detecting mental fatigue
in the workplace. (Hospital, 2023).

The widespread adoption of remote work and study
strategies during the pandemic has substantially altered
work-life balance, increasing stress for many individuals.
(Work & life stress experienced by professional workers
during the pandemic: a gender-based analysis, 2023) Mental

fatigue poses risks across age groups and backgrounds,
including working adults and university students. (Kotnik
et al,, 2024) These challenges necessitate a comprehensive
evaluation and comparison of subjective and objective tools
for detecting and assessing mental fatigue, along with an
analysis of their respective strengths and limitations. To
date, no single study in the literature has addressed this
gap. (Johar et al.,, 2023) This need constitutes the primary
rationale for the present comparative analysis, which also
investigates the impact of mental fatigue in the general
population and reviews current detection methods and their
application in health monitoring technologies.

Neuroscience provides evidence-based strategies to address
mental exhaustion by facilitating the removal of neurotoxic
byproducts, restoring essential neurotransmitters, and
modifying the brain’s response to stress. Rather than
attributing study fatigue to a lack of willpower, neuroscience
conceptualizes it as a physiological state resulting from
system overload. Understanding how the brain manages
cognitive demands enables more efficient study practices,
thereby restoring executive functioning. Neuroscience
elucidates the mechanisms underlying cognitive fatigue and
offers methods to optimize study habits and prevent burnout.
These approaches include regulating neurotransmitters
such as dopamine and glutamate, supporting the
restoration of cognitive control networks, and enhancing
learning efficiency. A comprehensive understanding of the
neuroscience of mental fatigue supports the development of
targeted interventions to restore energy and maintain focus.

Optimize Brain Chemistry (Dopamine and Glutamate): Mental
exhaustion is partially attributed to the accumulation of
glutamate, an excitatory neurotransmitter, in the prefrontal
cortex during periods of intense concentration. (Wiehler et
al,, 2022) Elevated glutamate levels impair decision-making
and planning, contributing to fatigue. (Wiehler & Pessiglione,
2022) Rest and sleep decrease glutamate concentrations
and restore dopamine, both essential for motivation. (Vogt
et al, 2025) Implementing the Pomodoro Technique, which
involves 25 minutes of focused study followed by a 5-minute
break, can help prevent excessive glutamate accumulation.

Protect Decision-Making Networks: Neuroimaging studies
indicate that the insula and dorsolateral prefrontal cortex are
essential for maintaining perseverance. As fatigue increases,
communication between these regions diminishes, resulting
in a preference for less demanding tasks. (Steward et al,,
2025) To mitigate decision fatigue, eliminate unnecessary
choices and distractions before studying. Digital tools, such
as website blockers, can help minimize distractions and
conserve cognitive resources.

Adopt Evidence-Based Learning Strategies (Neuro-Education):
Organizing new information imposes substantial cognitive
demands, and trying to comprehend, analyze, and store it
at the same time can lead to overload. Use study techniques
that support efficient learning. Interleaving, which involves
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alternating between topics, promotes the development of
structural connections in the brain. Retrieval practice, such
as using flashcards, reinforces neural pathways and supports
long-term memory retention. (Sana & Yan, 2022).

Utilize Active Rest and Recovery: Deep sleep is essential for
reactivating neural patterns and consolidating information
into long-term memory. (Vergara & Sakaguchi, 2020) Short
power naps of 20 to 30 minutes, taken earlier in the day,
can restore cognitive function and reduce mental fatigue.
(Kharas et al., 2023).

Regulate the Stress Response (Amygdala): Chronic stress or
exam-related anxiety activates the amygdala, the brain’s
alarm system, and may reduce prefrontal cortex volume
and impair memory. (Liu et al.,, 2020) Mindfulness practices,
deep breathing techniques such as box breathing, and brief
meditation sessions have been shown to increase cell density
in the prefrontal cortex and shift the response from stress to
cognitive control. (Calderone et al., 2024).

Teachers can introduce moderate stress through strategies
such as playing unfamiliar music before class, modifying
discussion formats, or incorporating activities that require
individual participation or movement. However, individual
responses to stressors vary considerably. Cortisol production
inresponse to identical events differs among individuals; what
one person considers moderate stress, another may perceive
as mild or extreme. (Sep et al, 2022, pp. 2714-2738) For
example, cold-calling students in a large group may improve
performance for some, but provoke excessive stress and
anxiety in others, thereby diminishing their performance. (“I
Like and Prefer to Work Alone”: Social Anxiety, Academic Self-
Efficacy, and Students’ Perceptions of Active Learning, 2020).
Furthermore, group dynamics that stereotype or exclude
certain students can exacerbate stress for those individuals.
(Jenkins, 2020).

The Neurobiological Vulnerability of the Adolescent Brain
Adolescence involves significant remodeling of neural
architecture. Rather than maturing uniformly, the brain
develops asymmetrically, creating a structural mismatch that
increases vulnerability to stress. (Eiland & Romeo, 2013, pp.
162-171).

The mismatch in maturation: the subcortical limbic
system, involving the amygdala, which is responsible for
the perception of threats and the processing of emotions,
reaches maturity quickly during puberty; the prefrontal
cortex (PFC), which is in charge of executive functions, self-
regulation, and long-term planning, on the other hand, keeps
developing until the mid-twenties. (Steinberg, n.d.)

« Because the prefrontal cortexis still developing, adolescents
exhibit greater emotional sensitivity and more intense stress
responses since it is unable to regulate the hyper-reactive
amygdala fully. (Ernst & Luciana, 2015)

e The “Perfect Storm” causing exhaustion is that the
brain of an adolescent shows increased sensitivity to the
neuromodulatory effects of stress-related hormones such

as cortisol. (Shirtcliff et al., 2024) As a result, continuous
and unaddressed academic demands can cause long-lasting
neurobehavioral disturbances. (Almarzouki, 2024).

Cognitive Consequences on Academic Performance
Neurobiological changes resulting from mental exhaustion
are directly reflected in classroom behaviors and academic
performance:

1. Executive function is impaired since continuous strain on
the prefrontal cortex reduces students’ capacity for working
memory, their ability to concentrate selectively, and their
capacity to monitor for errors. (Arnsten, 2009)

2. Due to intense cognitive stress, the brain tends to give up
on flexible, goal-directed processing. Instead, it relies on
rigid, habitual neural pathways, which reduces students’
ability to solve problems creatively. (Arnsten, 2015)

3. Maladaptive neuroplasticity: Even though the
adolescent brain has a high degree of plasticity, continuous
environmental stress can lead to maladaptive structural
changes, such as cortical thinning in the areas involved in
executive control. (Folha et al,, 2017, pp. 44-51)

Neuroscience Literacy & Psychoeducation

Teaching students about the physiological mechanisms
underlying stress, emotion regulation, and neuroplasticity
is an effective behavioral intervention. Research shows that
Neuroscience Education (NeuroEd) can: (Vogelaar et al,
2024)

e Promote a growth mindset: once students realize that
‘brains can change’, there is a significant increase in their
optimism about the outcomes and their confidence in
their ability to handle stress. (Growth Mindset as a Student
Support Tool during a Pandemic, 2023)

» Academic difficulties should be destigmatized by describing
mental fatigue as a biological system working in overdrive
rather than as a personal failure, since this approach lessens
emotional distress, anxiety, and self-blame. (McEwen, 2017,
pp. 3-19).

Circuit-Targeted Regimen & Biological Anchors

Public health frameworks and educational policies can
enhance neural resilience by prioritizing biological
prerequisites essential for brain health:

e Sleep restructuring: Adequate sleep is important for
regulating emotions and consolidating memories. Chronic
sleep loss impairs emotional regulation in the fronto-limbic
system and increases the risk of burnout. (Palmer et al,
2024, pp. 440-463). Adequate sleep, balanced nutrition, and
regular physical activity are critical for supporting optimal
learning performance in two principal ways. First, these
habits facilitate neuroplasticity and neurogenesis. Second,
they help regulate cortisol and dopamine levels, which are
linked to stress and positive affect, respectively. (Pickersgill
et al,, 2022) Conversely, behaviors such as all-night study
sessions, meal skipping, and lack of exercise can impair the
brain’s capacity for high academic achievement. (Cheng &
Yew, 2025) These effects matter for both instructors and
students.

« Mindfulness involving breathing exercises has the effect of
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engaging the brain’s Default Mode Network (DMN) and of
enhancing the connectivity between the prefrontal cortex
and the amygdala, which in turn leads to a reduction in the
nervous system'’s threat response. (Doll et al.,, 2016, pp. 305-
313). Breathing, like other aspects of the autonomic nervous
system, is primarily under automatic control; for example,
breathing rate increases during exercise or in response
to anxiety. However, unlike other autonomic functions
such as heart rate or sweating, breathing can also be
voluntarily regulated. This unique characteristic, combined
with traditional Eastern techniques such as pranayama,
has prompted several researchers to investigate whether
deliberately slowing the breathing rate can influence
physiological stress responses. Studies in adults have
demonstrated that nasal slow-paced breathing, typically at
around 6 breaths per minute compared to the usual 9-24
breaths per minute, can immediately affect stress-related
physiology by increasing activity within the parasympathetic
nervous system. (Bates et al,, 2026) This shift is associated
with maximized heart rate variability and reduced stress.
Additional physiological benefits include enhanced oxygen
absorption through activation of pulmonary receptors
and improved cardiorespiratory function. (Laborde et
al, 2022) Breathing exercises offer significant practical
advantages: once mastered, these techniques can be used
anywhere, at any time, and may serve as effective alternative
attention strategies for educators. Despite these promising
findings, research on breathing interventions remains
in its early stages, with only a limited number of small
exploratory studies conducted in adults and even fewer
in children. In one randomized controlled trial, heart rate
variability and standardized anxiety scale scores improved
significantly in a class of 8-year-olds after a four-month,
daily 10-minute deep-breathing intervention; participants
also reported improved coping with everyday stressors.
Improvements in heart rate variability were sustained one
year later. (Kuppusamy et al., 2020, pp. 28-32) In another
study, 14 adolescents with intellectual disabilities showed
improved stress management after a slow-paced breathing
intervention compared with a control group that participated
in an audiobook session. Additionally, a deep breathing
intervention administered immediately before a timed
mathematics testin 122 children aged 10 to 11 years resulted
in significantly reduced self-reported anxiety and improved
test performance relative to controls. (Khng, 2017, pp. 1502-
1510) Nevertheless, compared to the extensive research on
mindfulness, there is a notable lack of randomized controlled
trials examining breathing interventions in both adults and
children. Furthermore, existing research on controlled, slow
breathing has primarily focused on short-term effects; future
studies should investigate potential long-term outcomes.
In summary, while preliminary studies suggest that deep
breathing may enhance resilience to stress in primary school
children, more rigorous research, including randomized
controlled trials, is necessary.

e Physical exercise promotes the release of brain-derived
neurotrophic factor (BDNF), which helps to maintain healthy
neural plasticity, opposes stress-induced cortical thinning,

and has the effect of reducing fatigue. (Gémez-Pinilla et
al., 2002). Physical exercise has been proposed to benefit
children’s cognitive function by modulating stress-related
physiological processes, including changes in the activity
of various brain signaling molecules. (Morgan et al., 2015)
Beyond direct effects on stress responses, physical activity
may reduce stress through indirect mechanisms, including
increased exposuretofreshair, naturallight,socialinteraction,
and breaks from academic work. Participation in team sports
can also offer social support and mitigate psychosocial
stress. (The impact of peer effects on adolescents’ physical
exercise: a meta-synthesis study, 2024) For instance, a child
who faces challenges in the classroom may experience
reduced psychosocial stress by holding a valued role within
a school sports team. Although meta-analyses of randomized
controlled trials have well-established associations between
physical exercise and aspects of child development, such as
executive functions, relatively few studies have examined the
short- and long-term effects of exercise on stress in children.
(Chen et al,, 2023) Some correlational evidence suggests
that increased physical activity is linked to reduced stress
responses in adults, and exercise has been shown to decrease
anxiety in children with attention deficit hyperactivity
disorder. (Effects of Physical Activity, Exercise and Sport on
Executive Function in Young People with Attention Deficit
Hyperactivity Disorder: A Systematic Review, 2019) Further
rigorous research is needed to determine the most effective
forms of exercise for reducing stress specifically in primary
school children. Although meta-analyses of randomized
controlled trials have well-established associations between
physical exercise and aspects of child development, such as
executive functions, relatively few studies have examined the
short- and long-term effects of exercise on stress in children.
(Chen et al,, 2023) Some correlational evidence suggests
that increased physical activity is linked to reduced stress
responses in adults, and exercise has been shown to decrease
anxiety in children with attention deficit hyperactivity
disorder. (Effects of Physical Activity, Exercise and Sport on
Executive Function in Young People with Attention Deficit
Hyperactivity Disorder: A Systematic Review, 2019) Further
rigorous research is needed to determine the most effective
forms of exercise for reducing stress specifically in primary
school children.

e Recovery Time: Research indicates that stress can negatively
affect learning and memory over extended periods, with
impairments persisting for minutes to hours after a stressful
event. (Vogel & Schwabe, 2016) For children from stressful
home environments, breakfast clubs may provide a safe,
supportive school setting and nutritional assistance. These
programs could improve learning outcomes during initial
lessons by allowing time for stress-related neurochemical
effects to subside, buffering the transition from home to
academic activities. (Graham et al., 2015) However, this
approach has not yet been systematically evaluated

e Environmental Factors: Noisy and chaotic environments
negatively impact various aspects of child development,
with increased stress serving as a key explanatory factor.
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(Ferndndez-Quezada et al,, 2025) For instance, exposure
to auditory noise has been linked to physiological stress
responses in children. (Evans et al, 1998, pp. 763-776)
Consequently, reducing noise and clutter in learning
environments, such as by implementing noise-damping
materials, may serve as an effective stress-management
strategy for some children. While an environment can
cause stress in children, it is also important to understand
how stress, in turn, influences how environmental factors
induce stress; it is equally important to consider how stress
shapes children’s interactions with their surroundings.
Elevated stress levels have been shown to impair sustained
attention in noisy and chaotic settings. (Galinsky et al., 1993,
pp. 519-537) Minimizing visual distractions and clutter
in classrooms can support attentional focus and enhance
performance on learning tasks. It is plausible, though not
yet empirically confirmed, that maintaining attention in
highly stimulating classrooms poses the greatest challenge
for children experiencing elevated stress. However, since
stress can also heighten vigilance, teachers may find that
attention-capturing strategies, such as clapping hands when
students become distracted, are particularly effective for
these children. The discussion below highlights strategies
for educators to teach students to cope with exhaustion and
burnout; it’s highlighted below.

These strategies can be integrated into curricula to teach
about the brain and learning, normalize the effects of toxic
stress on learning, and offer coping mechanisms to mitigate
its impact. Highlight for students that learning is a complex
process that changes the brain’s structure. (Lehmann, 2026,
pp. 567-580) Struggle is intrinsic to this process, and initial
misunderstandings are expected. Storytelling can effectively
communicate this concept. Share personal learning
experiences, especially moments of struggle and failure, to
exemplify this point.

1. Promote critical self-reflection to help students understand
the scientific foundations of learning. Contemporary
research identifies multiple factors that can enhance or
inhibit learning. (Dubinsky & Hamid, 2024) Start this
process by asking students what learning means to them,
how they know they have learned, and which strategies
help them retain information. Emphasize that students
possess valuable prior experiences, language, and cultural
resources that support meaningful learning. To illustrate,
share personal examples, such as preferring to learn through
analogies. When facing new or challenging concepts, explain
how you engage with the material by asking questions such
as, “Why does this matter to me?” and “How does this impact
my community?”

2. Encourage students to keep a learning diary, documenting
moments when their learning is disrupted or challenged and
identifying potential responses. When appropriate, maintain
a teaching diary and share relevant entries with students,
such as the rationale for course sequencing or the selection
of lecture examples. This approach reinforces the idea that
learning is a collaborative process between teacher and
student.

3. Introduce the concept of self-regulation and guide
students in developing strategies to manage their brain’s
responses, serving as an “amygdala whisperer.” For example,
create an online discussion board where students can share
how they recognize stress and the healthy coping strategies
they employ. Offer examples from your own experience to
demonstrate effective stress regulation.

4. Actively work to destigmatize mental illness within
your classroom. For example, invite a counselor to discuss
available mental health resources and how students can
access them. Additionally, collaborate with your students
to draft a letter advocating for increased mental health
awareness and resources on campus, integrating discussions
ontheneuroscience of stress and mental illness, and explicitly
linking mental health to social justice. Consider structuring
this as a non-disposable assignment (NDS) that has impact
beyond the traditional classroom context. (Seraphin et
al, 2019, pp. 84-97) Once the letter is completed, engage
colleagues across the college community to further support
these advocacy efforts.

Adolescents experience mental fatigue because of the brain’s
uneven development and the constant pressure of academic
requirements. Educators and clinicians can shift from
merely responding to problems to developing proactive,
brain-based solutions by incorporating neuroscience into
school counseling, teaching, and public health. By improving
neuroscience literacy, promoting healthy sleep, and
implementing targeted strategies, schools can help students
build resilient neural pathways for life.

Discussion and Conclusion

The challenges and stress of formal education can negatively
affect adolescent students’ ability to learn -effectively.
Mindfulness training provides a valuable approach to
supporting students in becoming successful learners and
engaged members of the educational community. Integrating
mindfulness into curricula at all levels of formal education
can enhance not only students’ academic development but
also their social-emotional skills, which are essential for
fostering emotional literacy. Self-awareness, emotional
regulation, and resilience are critical competencies for
managing the pressures of education and life beyond the
classroom, and mindfulness activities can cultivate them.
Furthermore, incorporating mindfulness into the curriculum
promotes a positive learning environment that supports
both mental health and overall well-being. This approach
helps students develop greater focus, concentration, and
attentiveness, improving their ability to engage with subject
matter and assimilate information effectively.

Effectively managing mental fatigue requires a comprehensive
approach. Incorporating regular breaks during cognitively
demanding tasks can restore mental energy and improve
performance. Empirical evidence demonstrates that
mindfulness meditation, deep breathing exercises, and
physical activity reduce stress and enhance cognitive
resilience. (Fincham et al.,, 2023) Adequate sleep and proper
nutrition also support the brain’s natural recovery processes.
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Neuroplasticity, the brain’s ability to adapt and reorganize,
offers a promising strategy for mitigating mental fatigue.
Interventions such as cognitive training and skill acquisition
can strengthen neural networks and increase mental stamina.
(Salihu et al., 2022, pp. 889-917) Over time, these strategies
may enable individuals to build resilience against the effects
of sustained cognitive exertion.

In conclusion, recognizing the interconnections among
emotions, cognition, and learning is essential for developing
effective educational strategies. Incorporating mindfulness
into the curriculum can significantly influence students’
academic achievement and personal growth by equipping
them with skills to overcome challenges, manage stress,
and take ownership of their learning. Further research is
recommended, including comprehensive, controlled studies
with larger sample sizes across grade levels, control groups,
and more frequent sessions. In summary, neuroscience
conceptualizes adolescent mental exhaustion as a
consequence of environmental and systemic incompatibility,
rather than as a reflection of individual student character.
The adolescent brain is dynamic and develops continuously,
constrained by factors such as an underdeveloped prefrontal
cortex and altered circadian rhythms. (Adolescent sleep
and the foundations of prefrontal cortical development and
dysfunction, 2022) When academic environments demand
sustained cognitive effort without providing opportunities
for periodic rest and recovery, systemic burnout becomes
increasingly probable. (Weng et al., 2024).

Addressing this crisis requires a shift toward neuro-
educational alignment. Educational institutions should
integrate neuroscientific insights into their organizational
frameworks, such as by reconsidering school start times,
embedding cognitive recovery periods in curricula, and
emphasizing emotional regulation over rote performance.
(Dou et al, 2026) Recognizing mental exhaustion as a
physiological and neural limitation allows stakeholders to
create healthier, more sustainable learning environments
that support adolescent brain development and long-term
cognitive well-being. (Galvan, 2021, pp. 843-869)
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