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Abstract

This article examines the physiology and psychology of brain development in
early childhood based on a qualitative literature review of peer-reviewed
scientific studies. The early years of life represent a critical period for neural
growth, synaptic formation, and cognitive maturation. The study analyzes
biological processes such as neurogenesis, synaptic plasticity, and myelination
and their relationship with psychological functions including memory, attention,
emotional regulation, and social behavior. Data were collected from major
scientific databases, and key findings indicate that early environmental
stimulation significantly shapes brain architecture and long-term psychological
outcomes. Understanding the interaction between physiological mechanisms and
psychological development is essential for improving early childhood education
strategies and supporting healthy cognitive growth.

Keywords: Early Childhood — The developmental period from birth to around
six years marked by rapid brain growth and high neural plasticity.
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Introducrion

Brain Development — The structural and functional maturation of the brain
through neural growth and organization.

Synaptogenesis — The formation of new synaptic connections between neurons.
Myelination — The process of forming a myelin sheath around nerve fibers to
increase signal transmission speed.

Synaptic Pruning — The elimination of unused synapses to enhance neural
efficiency.

Neuroplasticity — The brain’s ability to reorganize and adapt in response to
experience.

Cognitive Development — The development of mental processes such as thinking,
memory, and problem-solving.

Emotional Regulation — The ability to manage and control emotional responses.
Language Acquisition — The natural process of learning and developing language
skills.

Social Development — The development of interpersonal skills and understanding
of social behavior.

Introduction

Early childhood represents one of the most critical and intensive stages of human
development. During this period, not only psychological processes but also the
structural and functional maturation of the central nervous system actively occur.
Brain physiology and psychological development are closely interconnected, as
the formation of neural networks provides the foundation for the development of
speech, cognition, emotional regulation, and social behavior. Therefore, studying
psychological development in early childhood in integration with brain
physiology is scientifically significant.

Brain development in early childhood occurs through complex physiological
processes such as synaptogenesis, neuronal migration, myelination, and synaptic
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pruning. In the years following birth, the rapid formation of synapses ensures a
high level of brain plasticity, allowing the child to quickly acquire new
experiences. Subsequently, the elimination of unused synapses increases neural
network efficiency and promotes functional specialization.

Cognitive development is directly related to the maturation of the cerebral cortex.
Early myelination of sensory and motor areas supports the rapid development of
perception and motor skills, whereas the relatively delayed maturation of the
prefrontal cortex contributes to the gradual formation of executive functions,
planning abilities, and impulse control. Thus, the sequential pattern of
psychological development reflects the hierarchical maturation of brain
structures.

Language development also has a neurophysiological basis, supported by the
auditory analyzer, speech centers, and sensorimotor integration systems.
Repeated auditory exposure and communicative experiences in early childhood
strengthen synaptic connections and lead to phonemic specialization. Therefore,
the richness of the linguistic environment serves as an important physiological
determinant of language development.

Emotional development is associated with the functioning of the limbic system
and the autonomic nervous system. Close emotional bonding between the child
and caregivers contributes to the formation of neuroendocrine mechanisms that
regulate stress responses. Affection, a sense of security, and positive interaction
support psychological stability through oxytocin and other neurotransmitter
systems.

Social development occurs through imitation, play, and interpersonal interaction.
Play activity activates the dopaminergic system, enhancing motivation and
learning processes. Additionally, role-playing games promote the development of
social cognition and empathy. All these processes take place in connection with
the brain’s plastic properties.
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Statistics on Brain Development in Early Childhood

Indicator Statistical Data Explanation
Approximately 25% of adult brain | The brain is structurally
Brain size at birth size immature at birth
Brain size atage 1" | Doubles compared to birth Period of rapid growth
Brain size at age 3" | About 80% of adult brain size Intensive formation of neural
connections

Brain development by | Approximately 90% of total brain | Critical developmental period
age 5" growth completed

Synapse formation More than 1 million new neural | High neuroplasticity stage
connections per second

Peak synaptic density | Highest during early childhood Followed by pruning process

Synaptic pruning Elimination of unused neural | Increases neural efficiency
connections

Scientific research indicates that at birth, the human brain is approximately 25%
of'its adult size. During the first year of life, brain volume doubles, reaching about
80% of adult size by age three and nearly 90% by age five. Early childhood is
characterized by the formation of more than one million new synaptic
connections per second. This rapid synaptogenesis is followed by synaptic
pruning, during which unused neural connections are eliminated, resulting in
more efficient neural networks.

Stress and brain development

Chronic stress during early childhood can negatively affect brain development.
Prolonged elevation of cortisol levels may impair the functioning of the
hippocampus and prefrontal cortex, influencing memory, attention, and emotional
regulation. Therefore, a safe and stable environment is essential for healthy
neuropsychological development.
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Experience-dependent plasticity

Experience-dependent plasticity plays a crucial role in brain development. In the
absence of adequate sensory, linguistic, and social stimulation, neural
connections may not develop optimally. Conversely, enriched environments and
active learning experiences strengthen neural networks and enhance intellectual
potential.

Gene—Environment Interaction

Brain development is shaped by the interaction between genetic factors and
environmental influences. Through epigenetic mechanisms, external experiences
can modify gene expression. Therefore, early upbringing and social conditions
directly affect biological processes.

Materials and Methods

This study is based on a qualitative literature review analyzing scientific
publications related to brain physiology and psychological development in early
childhood. Data were collected from peer-reviewed journals indexed in databases
such as PubMed, Scopus, Google Scholar, and Web of Science. Keywords used
for the search included “early childhood brain development,” “neuroplasticity,”
“synaptic pruning,” ‘“‘gene—environment interaction,” and “early cognitive
development.”

Inclusion criteria were articles published in English between 2018 and 2024,
focusing on neurophysiological mechanisms and psychological outcomes in early
childhood. Both experimental and review studies were considered. Exclusion
criteria included duplicate publications, non-scientific sources, and studies
unrelated to early developmental stages.

The collected data were analyzed through thematic synthesis. Key findings were
categorized into physiological mechanisms, psychological development
processes, environmental influences, and gene—environment interactions.

46




WRE4
gg Eureka Open Access Journals

SP

OPEN ACCESS JOURNALS

Open Access | Peer Reviewed | International Journals | Multidisciplinary Areas

Eureka Journal of Health Sciences & Medical
Innovation (EJHSMI)

ISSN 2760-4942 (Online) Volume 2, Issue 3, March 2026

|@ O) This article/work is licensed under CC by 4.0 Attribution

https://eurekaoa.com/index.php/5

Statistical data presented in the study were derived from previously published
large-scale research.

Results

The analysis of scientific literature demonstrates that brain development during
early childhood occurs at an accelerated rate. At birth, the brain reaches
approximately 25% of adult volume, doubles in size during the first year, and
reaches nearly 90% of adult volume by age five.

Synaptogenesis peaks during the first three years of life, with more than one
million new neural connections formed per second. Following this period,
synaptic pruning eliminates unused connections, increasing neural efficiency and
functional specialization.

Research findings indicate that:

- Cognitive performance correlates strongly with early synaptic density and
environmental stimulation.

- Children exposed to enriched linguistic and social environments show stronger
activation in language-related brain regions.

- Chronic stress negatively affects hippocampal volume and prefrontal cortex
development.

- Secure attachment and positive caregiver interaction enhance emotional
regulation and neural synchronization.

The statistical table included in this article supports the presence of rapid
neurodevelopmental changes during early childhood.

Discussion
The findings confirm that early childhood represents a sensitive period for both
physiological and psychological development. Rapid synaptic formation provides
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high neuroplasticity, allowing environmental experiences to shape neural
architecture.

The interaction between brain maturation and environmental input explains
differences in cognitive and emotional outcomes among children. Socioeconomic
conditions, parental engagement, nutrition, and educational exposure
significantly influence structural and functional brain development.
Neuroimaging studies further demonstrate that prefrontal cortex maturation
continues into adolescence, indicating that executive functions develop gradually.
These results emphasize the importance of early intervention programs aimed at
improving developmental outcomes.

Although current research provides strong evidence supporting experience-
dependent plasticity, limitations remain due to reliance on observational and
cross-sectional data.

Limitations

This study is based exclusively on secondary data and published literature. No
original experimental or longitudinal data were collected. Variability in research
methodologies across different studies may influence consistency of results.
Future research should include longitudinal neuroimaging studies, controlled
experimental designs, and large population-based analyses to better understand
causal relationships.

Conclusion

Early childhood brain development is characterized by rapid physiological
growth and dynamic psychological changes. Synaptic formation, myelination,
and synaptic pruning create the biological foundation for cognitive, emotional,
and social development.

Environmental stimulation, secure attachment, and adequate nutrition play
critical roles in optimizing neurodevelopment. Understanding the integration of
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physiological mechanisms and psychological processes is essential for improving
early childhood education and health policies.

Future Research Directions

Future studies should focus on:

- Long-term neuroimaging follow-up research

- Epigenetic mechanisms regulating brain development

- The impact of digital media exposure on early neural growth

- Cross-cultural comparative studies

- Large-scale statistical modeling of gene—environment interaction

These directions will strengthen scientific understanding of early brain
development and its long-term implications.

In conclusion, psychological development in early childhood is inseparably
linked with physiological brain maturation. Synaptic plasticity, myelination, and
experience-dependent neural reorganization form the biological basis of
cognitive, linguistic, emotional, and social development. A supportive social
environment, enriched communication, and active play experiences optimize
these physiological processes and ensure healthy psychological development.
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