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Abstract: Understanding the brain mechanisms underlying learning is becoming increasingly relevant
for optimizing the educational process. This article explores the complex relationship between memory,
attention, and emotions in the educational context, drawing on recent discoveries in neuroscience. The
analysis focuses on how these three components interact at the brain level and influence students’
academic performance. We will examine the neuroanatomical structures involved in memory processes,
the mechanisms by which selective attention facilitates information retention, and the fundamental role
of emotions in consolidating learning. The article also provides insight into the practical implications
for teachers, suggesting that integrating neuroscientific principles into pedagogical practice can
transform traditional teaching methods. The conclusions highlight the need for a holistic approach in
education, which takes into account the complexity of brain functioning and the interdependence
between cognitive and affective processes.
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1. Introduction

Contemporary education faces significant challenges in adapting teaching methods
to the needs of a generation constantly exposed to multiple stimuli and abundant
information. In this context, neuroscience offers valuable insight into how the brain

1 PhD, Associate Professor, Danubius International University of Galati, Romania, Address: 3 Galati
Blvd. City, Galati 800654, Romania, Corresponding author: lacramioara_mocanu@yahoo.com.
ORCID ID: 0009-0001-1441-797X.

Copyright: © 2026 by the authors.

Open access publication under the terms and conditions of the
Creative Commons Attribution-NonCommercial (CC BY NC) license
(https://creativecommons.ora/licenses/bv-nc/4.0/)

Didactica Danubiensis, VVol. 6, No. 1/2026, pp.439-449

439



Vol. 6, no 1/2026 DIDACTICA DANUBIENSIS

processes, stores, and retrieves information. The past decades have brought
remarkable advances in understanding the neurological basis of learning, thus
allowing for a more scientifically fundamental approach to the educational process
(Goswami, 2006).

Neuroimaging research has demonstrated that learning is not a passive process of
accumulating information, but involves the active reorganization of neural
connections. This synaptic plasticity underlies the brain’s ability to adapt and learn
throughout life (Draganski et al., 2004). For teachers, familiarity with these
fundamental mechanisms can provide valuable tools in creating more effective and
relevant educational experiences for students.

Memory, attention, and emotions do not operate in isolation in the learning process,
but form a complex network of interactions that determine educational success or
failure. Working memory allows for the temporary manipulation of information,
selective attention filters relevant stimuli from the environment, and emotions
modulate the intensity with which experiences are imprinted in long-term memory.
Understanding these relationships becomes essential for developing pedagogical
strategies that maximize the learning potential of each student.

This paper aims to analyze, from a neuroscientific perspective, how these three
fundamental components of cognition interact in an educational context. We will
explore both the theoretical aspects of these processes and their practical
implications for contemporary pedagogical practice. By doing so, we want to
contribute to building a solid bridge between neuroscientific research and its
effective application in the classroom.

2. Neurobiological Foundations of Memory and Implications for
Learning

Memory is one of the most complex and best-studied cognitive functions, being
essential for all forms of learning. From a neuroscientific perspective, memory is not
a unitary system, but rather comprises several subsystems that operate in parallel and
are supported by distinct neural circuits. This modular organization of memory has
profound implications for how we approach the educational process and for the
strategies we adopt in teaching.

Sensory memory, the first level of information processing, retains sensory
impressions from the environment for fractions of a second. Although this form of

memory has an extremely short duration, it plays a crucial role in the initial filtering
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of stimuli and directing attention to potentially relevant elements (Atkinson &
Shiffrin, 1968). In the classroom, understanding this mechanism can help teachers
use visual and auditory stimuli more effectively to capture students’ interest in the
early moments of a lesson.

Working memory, also known as operational memory, allows the active
maintenance and manipulation of information for short periods of time, usually a
few seconds to a minute. Research by Baddeley and Hitch (1974) demonstrated that
this form of memory has a limited capacity, being able to process approximately 7+2
units of information simultaneously. The limitation of working memory capacity has
direct consequences on how we structure information in the teaching process.
Cognitive overload occurs when the volume of information presented exceeds the
processing capacity of working memory, leading to difficulties in comprehension
and retention (Sweller, 1988).

At the neuroanatomical level, working memory is closely associated with the activity
of the prefrontal cortex, especially its dorsolateral prefrontal cortex. Functional
neuroimaging studies have shown that maintaining information in working memory
correlates with sustained activation of neurons in this region (Goldman-Rakic,
1995). For teachers, this finding suggests the importance of organizing information
into smaller, more manageable chunks and providing pauses to allow for
consolidation and transfer of information to long-term memory.

The transition from working memory to long-term memory is a complex process
known as memory consolidation. This process involves several stages and brain
structures, among which the hippocampus plays a central role. The hippocampus acts
as a temporary integration center, combining information from different cortical
regions and facilitating the formation of coherent representations of experiences
(Squire & Zola-Morgan, 1991). Hippocampal lesions lead to the inability to form
new declarative memories, although procedural and implicit memory remain intact,
thus demonstrating the functional specialization of different memory systems.

Memory consolidation occurs in two main phases: synaptic consolidation, which
occurs in the minutes and hours immediately following learning, and systemic
consolidation, which can last for days, weeks, or even longer. During synaptic
consolidation, connections between neurons are strengthened through molecular
changes at the synapse, a process known as long-term potentiation (Bliss & Lgmo,
1973). This phenomenon represents the cellular basis of learning and memory,

441



Vol. 6, no 1/2026 DIDACTICA DANUBIENSIS

involving changes in the efficiency of synaptic transmission that can persist for long
periods of time.

Sleep plays a fundamental role in the process of memory consolidation. Recent
research has shown that during sleep, especially during deep sleep and REM sleep,
the brain updates and reorganizes information learned during the day (Walker &
Stickgold, 2004). This finding has important implications for organizing the school
curriculum and for counseling students about the importance of adequate sleep for
academic performance. Lack of sleep affects not only memory consolidation but also
the ability to concentrate and learn new things, creating a vicious cycle that can
compromise educational success.

Declarative memory, which includes episodic memory (personal memories of
events) and semantic memory (general knowledge about the world), is most relevant
to formal school learning. This form of memory is flexible and consciously
accessible, allowing for the retrieval and explicit use of learned information. The
medial temporal cortex, including the hippocampus and adjacent structures, is
essential for the formation of new declarative memories, while long-term storage
involves networks distributed throughout the cerebral cortex (Tulving &
Markowitsch, 1998).

In contrast, procedural memory, which refers to the learning of motor skills and
cognitive routines, involves different neural circuits, including the basal ganglia and
the cerebellum. This form of memory develops gradually, through repeated practice,
and becomes increasingly automatic, thus freeing up cognitive resources for other
tasks (Squire, 2004). In education, recognizing the distinction between these types
of memory can guide teachers in choosing appropriate teaching strategies: factual
knowledge benefits from different methods compared to the learning of practical
skills or complex procedures.

A key aspect of memory in an educational context is the phenomenon of forgetting.
Paradoxically, forgetting is not simply a memory failure, but can also be an adaptive
process that allows the brain to eliminate irrelevant information and maintain
cognitive flexibility (Bjork & Bjork, 1992). However, forgetting important
information represents a real challenge in education. The forgetting curve described
by Ebbinghaus in the 19th century shows that the rate of forgetting is very rapid
immediately after learning, but gradually decreases over time. This observation
suggests that repeating information at strategic intervals, a technique known as
spaced repetition, can significantly enhance long-term retention (Cepeda et al.,
2006).
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The principle of spaced repetition has a solid neuroscientific basis: each reactivation
of a memory triggers a new cycle of consolidation, strengthening the relevant
synaptic connections. This process, known as reconsolidation, provides repeated
opportunities for the consolidation and integration of information into existing
knowledge networks (Nader & Hardt, 2009). For teachers, this principle suggests the
importance of periodic reviews and repeated application of learned concepts in
varied contexts, rather than concentrating the entire memorization effort in a single
intensive session.

3. The Interaction between Attention and Emotions in Modulating
Learning Processes

Attention is the mechanism by which the brain selects and prioritizes certain
information from the multitude of stimuli present in the environment. Without
attention, learning becomes virtually impossible because unselected information
cannot be processed deeply enough to be transferred to long-term memory. From a
neuroscientific perspective, attention is not a unitary process, but comprises several
components that operate through distinct but interconnected neural networks (Posner
& Petersen, 1990).

Selective attention allows for focus on relevant stimuli while ignoring or suppressing
irrelevant stimuli. This filtering ability is essential in educational settings, where
students are often exposed to multiple sources of distraction. The orienting
attentional network, which includes the parietal cortex and superior colliculi, is
responsible for directing attention to specific locations or objects in space (Corbetta
& Shulman, 2002). In the classroom, teachers can use visual or verbal cues to
activate this network and direct students’ attention to key elements of the lesson.

Sustained attention, the ability to maintain focus on a task for extended periods, is a
particular challenge in education, especially for younger students. This form of
attention predominantly involves the vigilance network, which includes the right
prefrontal cortex and parieto-temporal areas (Robertson et al.,, 1997). The
development of this capacity is a gradual process, correlated with the maturation of
the prefrontal cortex, that continues into late adolescence or even early adulthood.
Understanding these biological limitations can help teachers adapt the duration of
activities to the attentional capacities of students of different ages.
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Attentional control or executive attention refers to the ability to regulate and
modulate attentional processes according to current goals and to resolve conflicts
between contradictory information. This component of attention is mediated by the
executive network, which includes the anterior cingulate cortex and the lateral
prefrontal cortex (Fan et al., 2005). The development of attentional control is
fundamental for academic success because it allows students to manage distraction,
flexibly switch between tasks, and maintain relevant information in working
memory while solving complex problems.

The relationship between attention and memory is close and reciprocal. Attention
determines what information will be processed deeply enough to be encoded in
memory, while the content of memory influences which aspects of the environment
will attract attention. This phenomenon, known as memory-guided attention,
explains why students with strong prior knowledge in a domain can more effectively
identify and process relevant new information (Chun & Turk-Browne, 2007). For
education, this observation highlights the importance of building a strong foundation
of foundational knowledge that facilitates subsequent learning in the same domain.

Emotions exert a profound influence on both attention and memory. The limbic
system, particularly the amygdala and hippocampus, play central role in the
emotional modulation of learning. The amygdala, an almond-shaped structure
located in the medial temporal lobe, is involved in the processing of emotions,
particularly those related to fear and threat. This structure has extensive connections
with the hippocampus and prefrontal cortex, thus allowing the integration of
emotional information with memory and decision-making processes (LeDoux,
2000).

Research has consistently shown that emotionally charged events are remembered
better than emotionally neutral ones, a phenomenon known as emotionally mediated
consolidation (McGaugh, 2004). The neural mechanism underlying this effect
involves the release of stress hormones, such as cortisol and adrenaline, which
modulate the activity of the amygdala and hippocampus during and after the
emotional experience. This hormonal modulation enhances memory consolidation,
explaining why emotional memories tend to be vivid and persistent.

In an educational context, the implications of this finding are significant. Creating
learning experiences that emotionally engage students can facilitate long-term
retention of information. This does not mean that learning must always be
emotionally intense, but rather that integrating elements that resonate emotionally
with students - either by linking content to personal experiences or by creating
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meaningful contexts - can improve learning effectiveness (Immordino - Yang &
Damasio, 2007).

However, the relationship between emotions and learning is not linear. Moderate
levels of emotional arousal tend to facilitate learning, while very low or very high
levels can have negative effects. This relationship is described by the Yerkes-Dodson
law, which suggests an inverted U-shaped relationship between arousal and
performance (Yerkes & Dodson, 1908). In the educational context, this principle
implies that both boredom and extreme anxiety can compromise effective learning.
Teachers need to find a balance, creating an environment that is stimulating and
engaging, but not overwhelming or threatening.

Chronic stress is a particular concern in education, as it affects not only students’
emotional state but also cognitive functioning. Prolonged exposure to high levels of
cortisol can have neurotoxic effects on the hippocampus, thereby compromising
learning and memory processes (Lupien et al., 2009). In addition, chronic stress can
negatively affect the functioning of the prefrontal cortex, reducing the capacity for
attentional control and emotional regulation. These effects highlight the importance
of creating a safe and supportive educational environment that minimizes sources of
chronic stress for students.

Positive emotions also play a crucial role in learning. Feelings of well-being and
enthusiasm facilitate creative thinking, cognitive flexibility, and perseverance in the
face of difficulties (Fredrickson, 2001). The neurotransmitter dopamine, released in
the context of positive experiences and rewards, plays an important role in the
consolidation of learning. The mesolimbic dopamine system, which includes the
ventral tegmental area and the nucleus accumbens, is activated when an experience
is perceived as rewarding or when we anticipate a reward (Schultz, 2002). This
dopaminergic activation not only generates pleasurable sensations but also facilitates
synaptic plasticity and memory consolidation in brain regions associated with
learning.

For pedagogical practice, these findings suggest the benefits of using positive
reinforcement and creating learning experiences that are perceived as rewarding by
students. This may include recognizing progress, providing constructive and positive
feedback, or creating opportunities for students to experience success in challenging
but achievable tasks. Feelings of competence and autonomy in learning activate the
brain’s reward system, motivating students to persist in their educational efforts
(Ryan & Deci, 2000).
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The socio-emotional connection between students and teachers also has a
neurobiological basis. Mirror neurons, originally discovered in the premotor cortex
of primates and later identified in humans, are activated both when we perform an
action and when we observe someone else performing the same action (Rizzolatti &
Craighero, 2004). This neural system may underlie our ability to empathize and
understand the emotional states of others. In an educational context, a teacher’s
enthusiasm and passion for a subject can be ,,contagious,” activating similar neural
systems in students and thus facilitating emotional engagement with the material.

Emotional regulation, the ability to modulate the intensity and expression of
emotional experiences, is a fundamental skill for academic success. This ability
specifically involves the prefrontal cortex, which exerts top-down control over
limbic structures, including the amygdala (Ochsner & Gross, 2005). The
development of emotional regulation skills continues throughout childhood and
adolescence, paralleling the maturation of the prefrontal cortex. Educating students
in emotional regulation strategies, such as cognitive reappraisal or mindfulness
techniques, can improve not only their emotional well-being but also their academic
performance.

4. Conclusion

Exploring the relationship between memory, attention, and emotions from a
neuroscientific perspective provides a profound understanding of the fundamental
mechanisms underlying human learning. This analysis demonstrates that the
educational process cannot be effectively designed without considering how the
brain processes, stores, and retrieves information, and without recognizing the
central role that the emotional dimension plays in all of these processes.

The research presented highlights that memory is not a monolithic system, but a
complex set of interdependent neural mechanisms, each with specific characteristics
and limitations. Understanding these particularities - from the limited capacity of
working memory to the importance of sleep consolidation and spaced repetition -
provides teachers with concrete guidelines for structuring learning experiences more
effectively. Synaptic plasticity, the neurobiological basis of learning, reminds us that
the brain is in a state of continuous transformation and that every educational
experience leaves physical traces in the neural architecture.

Attention, as a mechanism for selecting and prioritizing information, turns out to be
as essential as memory itself. Without focusing attention on relevant material,
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information cannot be processed deeply enough to be integrated into long-term
memory structures. The progressive development of attentional capacities,
correlated with the maturation of the prefrontal cortex, shows us that our
expectations of students must be calibrated according to their stage of
neurobiological development. This does not mean underestimating students’
capacities, but intelligently adapting teaching methods to the biological realities of
brain development.

Perhaps the most important conclusion of this analysis is the recognition that the
emotional dimension is not separable from cognitive processes in learning. Emotions
profoundly modulate both attention and memory consolidation, through well-
documented neurochemical and neural mechanisms. This finding challenges
traditional models of education that have treated cognition and emotion as separate
domains, suggesting instead the need for an integrated approach that harnesses the
power of positive emotional experiences in facilitating learning. At the same time,
understanding the negative effects of chronic stress on brain structures involved in
learning underscores the responsibility of education systems to create safe and
supportive environments for all students.

Translating these neuroscientific findings into practice is not straightforward and
requires caution. There is no one-size-fits-all recipe that works for all students in all
contexts, as individual variability in brain structure and function is considerable.
However, general principles drawn from neuroscience—the importance of sleep for
consolidation, the benefits of spaced repetition, the need to adapt tasks to working
memory capacity, the role of positive emotions in motivation and learning - provide
a solid framework for informing pedagogical decisions.

In conclusion, integrating a neuroscientific perspective into education does not mean
reducing learning to its biological mechanisms, but enriching our understanding of
it. Children and adolescents are not just ,,learning brains”, but complex individuals
whose educational experiences are shaped by a multitude of social, cultural, and
personal factors. However, all of these experiences are mediated by the brain, and
understanding how it works can guide educators toward more effective and humane
practices. The future of education will benefit significantly from continuing the
dialogue between neuroscience and pedagogy, a dialogue that promises to transform
not only what we teach, but also how we teach and how we understand the learning
process in all its complexity.
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