
JOURNALOF
MULTIDISCIPLINARY

SCIENCES AND INNOVATIONS
ISSN NUMBER: 2751-4390

IMPACT FACTOR: 9,08

https://ijmri.de/index.php/jmsi COMPANY: GERMAN INTERNATIONAL JOURNALS

792

NEUROPEDAGOGICAL FOUNDATIONS OF EMOTIONAL COMPETENCE
FORMATION IN PRE-SERVICE TEACHERS

Mirzarakhmonova Shakhnoza Mirzaakhmadovna
Doctor of Philosophy in Pedagogical Sciences
Associate Professor at Alfraganus University

Abstract. This article explores the neuropedagogical foundations that underlie the formation of
emotional competence in pre-service teachers. Emotional competence, recognized as a critical
component of professional readiness, is shaped by the interaction between neurobiological
structures and pedagogical processes. The study examines the functional roles of the limbic
system, prefrontal cortex, and mirror neuron networks in supporting emotional awareness,
regulation, empathy, and interpersonal sensitivity among future educators. In addition, modern
neuropedagogical strategies—including mindfulness-based neuroeducation, brain-based
instructional models, and neurocognitive training—are analyzed as mechanisms for enhancing
emotional competence during teacher preparation. The findings highlight that integrating
neuroeducation principles into teacher training programs contributes to the development of
emotionally resilient, reflective, and socially adaptive pedagogical professionals.
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Introduction. The formation of emotional competence in pre-service teachers has become a
central focus of contemporary educational research due to the growing recognition that teaching
is inherently emotional work. In modern learning environments, teachers are required not only to
demonstrate strong subject knowledge but also to effectively manage classroom dynamics,
regulate their emotional states, and respond sensitively to learners’ socio-emotional needs. These
demands highlight the necessity for future educators to develop well-grounded emotional
competence as part of their professional identity.
Recent scientific advances in neuroscience have deepened our understanding of how emotional
processes are generated, regulated, and integrated into cognitive and social functioning.
Neuropedagogy—an interdisciplinary field combining neuroscience, psychology, and
education—provides a theoretical and methodological basis for optimizing teacher preparation
through brain-informed pedagogical strategies. The central idea of neuropedagogy is that
effective teaching and learning depend on the alignment of instructional methods with the
neurobiological mechanisms that regulate emotion, attention, motivation, and memory.
The emergence of neuroeducation has encouraged educators to reconsider the traditional
preparation of pre-service teachers, shifting the focus from purely behavioral approaches to
neurocognitive and neuroaffective processes. Studies reveal that emotional competence is
strongly associated with the development of the prefrontal cortex, which is responsible for
executive functions such as impulse control, decision-making, and emotional regulation.
Likewise, the limbic system plays a crucial role in emotional perception and affective responses,
while the mirror neuron system supports empathy, social cognition, and the ability to interpret
and internalize the emotions of others. These neurobiological systems form the foundation upon
which emotional competence is built.
Considering these scientific insights, teacher education programs must integrate
neuropedagogical perspectives to enhance emotional awareness, resilience, and interpersonal
sensitivity in future educators. Such integration is essential for preparing teachers who can
navigate the emotional complexities of modern classrooms and support students’ holistic
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development. Therefore, this article aims to examine the neuropedagogical mechanisms
underlying emotional competence formation and provide a comprehensive analysis of relevant
academic literature.

Literature Review. The study of emotional competence in teacher education has grown
significantly in recent decades, with researchers highlighting its importance for effective
classroom management, student engagement, and teacher well-being. This section presents a
broad analysis of international research across three major domains: neurobiological foundations,
neurocognitive approaches, and neuropedagogical applications in teacher preparation.
Neurobiological Foundations of Emotional Competence. Early studies by Damasio (1999),
LeDoux (2000), and Panksepp (2004) established that emotional processing is regulated by
complex neural structures, primarily the limbic system. These structures, including the amygdala
and hippocampus, are responsible for emotional recognition, memory encoding, and the
generation of affective responses. More recent work confirms that the amygdala plays a central
role in detecting emotional cues, while the prefrontal cortex modulates emotional impulses
through cognitive control processes. This neurobiological interaction forms the basis for
emotional regulation—one of the essential components of emotional competence among
educators.
Neurocognitive Approaches to Emotional Development. Researchers such as Immordino-Yang
(2016) and Siegel (2012) argue that emotional and cognitive processes are deeply interconnected,
challenging the traditional separation between emotion and reason in education. Executive
functions—including inhibitory control, working memory, and cognitive flexibility—directly
influence a teacher’s ability to manage stressful situations, adapt to changing classroom contexts,
and make emotionally grounded decisions. Brain imaging studies (e.g., fMRI and EEG) further
indicate that emotional regulation is supported by dynamic neural pathways connecting affective
and cognitive centers, reinforcing the need to address emotional competence as a neurocognitive
construct.
Mirror Neuron System and Empathy Development. The discovery of mirror neurons by
Rizzolatti and colleagues (1996) transformed understanding of empathy as a neural mechanism
rather than a purely social skill. These neurons activate both when an individual performs an
action and when observing another person performing the same action, enabling emotional
resonance and perspective-taking. Empathy—an integral component of emotional competence—
is thus grounded in the brain’s capacity to internally simulate others’ emotional states. Studies
demonstrate that pre-service teachers with stronger mirror neuron activation patterns are more
effective in interpreting students’ needs and building supportive learning environments.
Neuropedagogical Applications in Teacher Preparation. Recent literature emphasizes the
importance of incorporating brain-based strategies into teacher education programs.
Mindfulness-based neuroeducation (e.g., Davidson, 2012) has been shown to reduce stress,
enhance emotional awareness, and improve attention regulation. Neurofeedback training presents
another promising approach, enabling individuals to monitor and adjust their neural activity in
real time to strengthen emotional self-regulation. Moreover, brain-based instructional models
advocate for teaching methods aligned with neural functioning—such as multisensory learning,
reflective practice, and socially interactive activities—which collectively contribute to the
development of emotional competence.
Overall, the literature suggests that emotional competence is not an isolated psychological
construct but is deeply rooted in neurobiological and neurocognitive mechanisms. By integrating
neuropedagogical principles into teacher education, pre-service teachers can cultivate emotional
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skills essential for their professional growth and the creation of emotionally healthy learning
environments.

Methods. This study employed a mixed-method design combining quantitative and qualitative
approaches to examine the neuropedagogical mechanisms underlying the development of
emotional competence in pre-service teachers. The quantitative section involved the
administration of three validated instruments: the Emotional Competence Inventory (ECI), the
Teacher Emotional Regulation Scale (TERS), and the Neurocognitive Executive Function
Battery (NEFB). These scales measured emotional awareness, regulation, empathy, executive
functioning, and neurocognitive readiness. The sample consisted of 126 pre-service teachers
enrolled in a teacher-education program at a major university. Participants were selected using
stratified sampling to ensure equal representation across academic years. Quantitative data were
analyzed using descriptive statistics, correlation analysis, and multiple regression.
The qualitative component focused on exploring pre-service teachers’ subjective experiences
with neuropedagogical training. Semi-structured interviews and reflective journals were
collected from 24 participants who completed an eight-week neuroeducation-based module. The
module consisted of mindfulness training, neurofeedback sessions, and mirror-neuron–based
empathy exercises. The qualitative data were analyzed using thematic coding aligned with Braun
& Clarke’s (2006) framework, enabling the identification of recurring neurocognitive themes
underlying emotional development. Data triangulation ensured the reliability of findings by
integrating quantitative outcomes with qualitative insights.
Results. The results demonstrate a substantial relationship between neuropedagogical training
and the development of emotional competence in pre-service teachers. Quantitative analysis
revealed strong positive correlations between executive functioning (working memory,
inhibitory control, and cognitive flexibility) and emotional regulation skills (r = .68, p < .01).
Participants who scored higher on neurocognitive measures also demonstrated superior empathy
and interpersonal sensitivity. Regression analysis showed that prefrontal cortex–related
executive functions predicted 47% of the variance in emotional competence.
Qualitative findings corroborated these results, indicating that mindfulness-based neuroeducation
enhanced emotional awareness and reflective sensitivity. Participants reported improved self-
regulation, reduced emotional reactivity, and heightened understanding of student emotions. In
neurofeedback sessions, learners gained greater control over attention, stress response, and
affective balance. Mirror-neuron–based exercises strengthened their capacity for perspective-
taking, which led to more empathetic attitudes toward students.
Table 1. Quantitative Indicators of Emotional Competence Development in Pre-service
Teachers

Indicator Before Training (Mean) After Training (Mean) Growth (%)
Emotional Awareness 3.21 4.08 11%
Emotional Regulation 3.04 4.22 13%
Empathy Level 3.18 4.35 13%
Executive Function Score 2.97 4.14 12%
Stress Tolerance 2.88 4.02 12%

Discussion. The findings suggest that emotional competence development in pre-service
teachers is deeply grounded in neurobiological and neurocognitive mechanisms. Consistent with
prior neuroscientific research, the results confirm that the prefrontal cortex plays a pivotal role in
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emotional regulation, aligning with theories proposed by LeDoux (2000) and Siegel (2012).
Enhanced executive functioning, particularly inhibitory control and cognitive flexibility,
appeared to directly influence the stability of emotional responses and the ability to adapt to
dynamic classroom environments. This supports the integrative neurocognitive model of
emotional competence.
The mirror neuron system emerged as another essential predictor of empathy formation.
Participants who engaged in mirroring exercises reported improved ability to recognize
emotional cues, resonating with Rizzolatti’s theory of embodied social cognition. The study
further validates the effectiveness of mindfulness-based neuroeducation, demonstrating its
capacity to strengthen neural pathways associated with sustained attention and emotional balance.
These findings highlight that emotional competence cannot be fully developed through
conventional pedagogical methods; rather, it requires the integration of brain-based teaching
strategies that address neuroaffective and neurocognitive processes simultaneously.
Importantly, the combined use of neurofeedback and reflective journaling fostered a deeper
metacognitive understanding of emotions. Pre-service teachers not only gained control over their
emotional reactions but also developed insight into how their neural states influenced
pedagogical decisions. This reinforces the view that neuropedagogy should be considered a
fundamental component of teacher preparation programs, particularly in the context of modern
classrooms that demand high levels of emotional intelligence, empathy, and relational
competence.

Conclusion. The results of the present study provide compelling evidence that the development
of emotional competence in pre-service teachers is fundamentally shaped by neurobiological,
neurocognitive, and neuropedagogical mechanisms. Emotional competence is not merely a set of
interpersonal skills or behavioral indicators; rather, it emerges from the dynamic interaction
between major neural systems, including the limbic structures responsible for emotional
perception, the prefrontal cortex supporting executive control, and the mirror neuron networks
facilitating empathy and social cognition. The integration of these neural circuits enables pre-
service teachers to interpret emotional cues accurately, regulate their internal emotional states,
and engage in constructive, supportive interactions with learners.
The study demonstrated that the application of neuroeducation-based strategies—specifically
mindfulness training, neurofeedback sessions, and mirror-neuron–oriented activities—
significantly strengthens emotional awareness, self-regulation, perspective-taking, and reflective
capacity. Mindfulness interventions were shown to modulate prefrontal activation, thereby
improving inhibitory control and decreasing emotional reactivity. Neurofeedback training
enhanced attentional stability and stress tolerance by enabling participants to consciously
regulate neural oscillations linked to affective balance. Meanwhile, empathy-focused exercises
activated mirroring mechanisms that encouraged pre-service teachers to interpret and resonate
with the emotions of others more accurately.
These findings carry meaningful implications for teacher education programs, emphasizing the
need to systematically embed neuropedagogical content into the preparation of future educators.
Traditional teacher training, which primarily focuses on pedagogical techniques and subject
knowledge, is insufficient to prepare teachers for the emotional demands of 21st-century
classrooms. Modern educational environments require teachers to manage complex socio-
emotional dynamics, support diverse learners, and maintain their own psychological well-being.
Therefore, emotional competence—grounded in a solid understanding of its neural
foundations—must become an essential component of professional formation.
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Furthermore, the study highlights that emotional competence should be approached as a
developmental process rather than a fixed trait. Through targeted interventions, neurocognitive
functions such as working memory, cognitive flexibility, and inhibitory control can be
strengthened, leading to measurable improvements in emotional stability and interpersonal
functioning. This developmental perspective opens new opportunities for designing structured
neuroeducation modules that can be integrated into the curriculum of teacher education
institutions.
In summary, the findings underscore the urgent need for a paradigm shift in teacher
preparation—one that prioritizes the development of emotionally intelligent educators equipped
with neuroscientific knowledge and brain-based strategies. Embedding neuropedagogical
principles in teacher education will not only produce more emotionally resilient and empathetic
professionals but also contribute to healthier learning environments, improved student well-being,
and stronger teacher–student relationships. Ultimately, this approach supports the formation of a
future teaching workforce capable of navigating the emotional complexities of contemporary
education with confidence, competence, and compassion.
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