
 

 

82 

Impact of Neuroscience-Based Interventions on Early 

Learning 

 

Impact of Neuroscience-Based Interventions on Early 

Learning 

En los últimos años, la aplicación de la neurociencia en la 

educación ha mostrado un crecimiento significativo, dado que 

proporciona explicaciones sobre como aprende el cerebro. El 

objetivo de la investigación consistió en sistematizar la evidencia 

empírica disponible sobre el impacto de las intervenciones 

fundamentadas en neurociencia dirigidas al aprendizaje temprano. 

El trabajo se enmarcó en el paradigma hermenéutico-interpretativo, 

método sistémico, enfoque cualitativo, diseño narrativo temático, 

tipo documental bibliográfico y de corte transversal; la población 

se abordó en Scopus, Web of Science (Wos) y Google Scholar, con 

una muestra de 14 artículos; en la selección y análisis se empleó 

COVIDENCE y la técnica de PRISMA en tres niveles de flujo. Los 

hallazgos indicaron que, intervenciones como programas de 

regulación emocional y función ejecutiva, actividades cinestésicas 

y sensoriomotoras e intervenciones multisensoriales/asistidas por 

tecnología, son aplicadas bajo principios de neuroplasticidad, 

estimulación sensorial y corregulación emocional e integración 

sensoriomotora, y generan impactos positivos en el aprendizaje 

temprano y en áreas específicas como el desarrollo cognitivo, 

socioemocional y motor, siendo en su mayoría estudios con diseños 

experimentales y cuasiexperimentales con evaluaciones pre y post 

intervención en niños de 0 a 6 años. Se concluye que este enfoque 

de intervención contribuye al fortalecimiento del bienestar infantil 

y al diseño de entornos de aprendizaje más sensibles a las 

necesidades del desarrollo integral en la primera infancia. 
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In recent years, the application of neuroscience in education has 

grown significantly because it explains how the brain learns. This 

research aimed to systematize the available empirical evidence on 

the impact of neuroscience-based interventions for early learning. 

The study adopted a hermeneutic-interpretive paradigm, a 

systemic method, a qualitative approach, a thematic narrative 

design, a documentary-bibliographic review design, and a cross-

sectional scope. The search covered Scopus, Web of Science 

(WoS), and Google Scholar, and the final sample comprised 14 

articles. The review used Covidence and the PRISMA technique 

for selection and analysis through a three-level flow. The findings 

indicated that interventions such as emotional regulation and 

executive function programs, kinesthetic and sensorimotor 

activities, and multisensory/technology-assisted interventions 

were grounded in principles of neuroplasticity, sensory 

stimulation, emotional co-regulation, and sensorimotor 

integration. These interventions produced positive effects on early 

learning and on specific areas such as cognitive, socioemotional, 

and motor development, and most studies used experimental and 

quasi-experimental designs with pre- and post-intervention 

assessments in children aged 0 to 6 years. The review concluded 

that this intervention approach strengthens child well-being and 

supports the design of learning environments that are more 

responsive to the needs of comprehensive development in early 

childhood. 

 

In recent years, the application of neuroscience in education has 

grown significantly because it explains how the brain learns. This 

research aimed to systematize the available empirical evidence on 

the impact of neuroscience-based interventions for early learning. 

The study adopted a hermeneutic-interpretive paradigm, a 

systemic method, a qualitative approach, a thematic narrative 

design, a documentary-bibliographic review design, and a cross-

sectional scope. The search covered Scopus, Web of Science 

September 3, 2025 

 

September 3, 2025 

December 9, 2025 

 

December 9, 2025 

82-93 

 

82-93 

Interventions, neuroscience, early learning, impact, 

systematic review. 

 

Interventions, neuroscience, early learning, impact, 

systematic review. 

Intervenciones, neurociencia, aprendizaje temprano, 

impacto, revisión sistemática. 

 

Intervenciones, neurociencia, aprendizaje temprano, 

impacto, revisión sistemática. 

Impacto de las Intervenciones Basadas en Neurociencia en el Aprendizaje Temprano 

 

Impacto de las Intervenciones Basadas en Neurociencia en el Aprendizaje Temprano 

ARTICLE 

 

ARTICLE 

https://doi.org/10.37843/rted.v19i1.754
https://doi.org/10.37843/rted.v19i1.754


 

  
 

Impact of Neuroscience-Based Interventions on  

Early Learning 

Zambrano-Vélez, W., Tomalá-Suárez, J., Íñiguez-Apolo, L., & Del-Pezo-Lainez, A. (2026). Impact of Neuroscience-Based Interventions on 

Early Learning. Docentes 2.0 Technological-Educational Journal, 19(1), 82-93. https://doi.org/10.37843/rted.v19i1.754 

82-93 

83 

Introduction 

 

In recent years, the application of neuroscience 

in education has grown significantly because it 

explains brain functioning. Neuroscience has gained 

relevance in the educational field by providing 

scientific foundations for brain functions and their 

relationship with learning (Guillén & Guillen, 2025; 

Leisman, 2022; Punto et al., 2025). In early 

childhood, a stage characterized by rapid growth and 

the consolidation of neural circuits (Pardo et al., 

2023; Wendie & Berhanu, 2025), this approach helps 

explain how early stimuli (Liu & Fisher, 2022; 

Vargas et al., 2016) influence cognitive, linguistic, 

emotional, and social development (Uğraş et al., 

2023) and support developmental potential. The 

contributions of this discipline have promoted the 

design of interventions oriented toward learning from 

the first years of life and have consolidated it as an 

interdisciplinary field of research between education 

and brain sciences. 

However, in the context of early childhood, 

pedagogical practices have not yet fully integrated 

advances in neuroscience. Recent literature indicates 

that this gap stems from the lack of specialized 

teacher training, beliefs in neuromyths, and the 

dispersion of empirical evidence on the impact of 

interventions grounded in neuroscientific principles 

on early learning (Ferreira & Rodríguez, 2022; 

Goldberg, 2022; Walsh et al., 2024). From the 

perspective of the present study, this situation still 

reflects limited integration and systematization of 

knowledge, which produces conceptual and 

methodological fragmentation, hinders clear 

conclusions, and limits the capacity to use its 

potential in learning at early ages. 

Various studies have attempted to reduce this 

gap through neuroscience-based interventions 

designed to stimulate essential learning processes 

(Castro & Cevallos, 2021; León et al., 2025; W. 

Vargas et al., 2024), such as attention (Alvarez et al., 

2025), memory (Sagnay, 2024), language (Coello et 

al., 2022; Vera & Carrión, 2023), and emotional self-

regulation (Pardo et al., 2023; Rodríguez et al., 2025). 

Although these studies highlight alternatives based 

on neuroscientific principles, they reveal the need for 

a systematic review that synthesizes the findings of 

current scientific production and clarifies the impact 

of these alternatives on children’s early learning in 

different contexts. 

Accordingly, the study aims to systematize the 

available empirical evidence on the impact of 

neuroscience-based interventions for early learning. 

For this purpose, it identifies which types of 

interventions have produced effects, which 

neuroscientific foundations are addressed in the 

interventions, and what methodological 

characteristics are common among the studies 

included. Within this scope, the guiding question of 

this research is: What empirical evidence is available 

on the impact of neuroscience-based interventions for 

early learning? 

Methodology 

 

To address the stated objective and align with 

the research lines and the purpose of knowledge 

generation, the study adopted a hermeneutic-

interpretive paradigm, which provided an 

epistemological basis for in-depth analysis through 

the understanding and interpretation of texts (Chang, 

2022; French et al., 2022). In parallel, PRISMA 

guided the systematic method; according to authors 

such as Mengist et al. (2020), this method provides 

transparency, transferability, and replicability to the 

work. This integration strengthened the study because 

systematization structured the search and screening 

process and presented the findings clearly, while 

hermeneutics facilitated an interpretive synthesis of 

the selected records associated with the impact of 

neuroscience-based interventions on early learning. 

 

The study adopted a qualitative approach 

focused on a deep understanding of contextual 

phenomena and the interpretive analysis of evidence 

(Flemming & Noyes, 2021). Through a thematic 

narrative design, the review synthesized, described, 

and examined the findings and identified relevant 

contributions to the body of knowledge. In this way, 

the analysis organized the results into types of 

intervention, neuroscientific foundations, 

methodological characterization, and findings on 

impact. Accordingly, the design went beyond a 

descriptive summary of the data, as it sought to 

interpret the material and elucidate its underlying 

meaning (Maguire & Delahunt, 2017). 
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The study used a documentary-bibliographic 

review design, which included the compilation, 

selection, organization, and analysis of existing 

studies (Davidescu et al., 2022). In other words, the 

review generated no original data and involved no 

direct intervention in a population. The approach was 

cross-sectional, since the compilation, selection, and 

analysis took place within a short and defined period 

(Pérez et al., 2024), which allowed the current state 

of knowledge to be described up to the present. 

The population, understood as the frame of 

reference for the total set of units that share common 

characteristics in a context (Ahmed, 2024; Rudolph 

et al., 2023), comprised peer-reviewed scientific 

articles published between January 2015 and August 

2025 and indexed in academic databases such as 

Scopus, Web of Science (WoS), and Google Scholar, 

with versions in English or Spanish. In addition, the 

review defined the geographic scope (studies 

conducted in any region of the world) and the nature 

of the interventions examined (qualitative, 

quantitative, and mixed-methods studies focused on 

the impact of neuroscience on early learning). To 

obtain the total number of units, the review 

established structured search strings with English 

keywords and Boolean operators in the search 

engines (Table 1). The reviewers exported all 

documents in RIS format. 

 

Table 1 

Search Strategies. 
Database Strategy 

Scopus TITLE-ABS-KEY (neuroscientific 

strategies AND early learning AND 

early childhood) 

Web of Science 

(WoS) 

((TS= (neuroscientific interventions)) 

AND TS= (early learning)) AND TS= 

(early childhood) 

Google Scholar (neuroscientific strategies AND early 

learning AND early childhood) 

Note. The search strings generated in the databases, own 

elaboration (2025). 

 

The study used the bibliographic review 

technique to examine source data without conducting 

fieldwork (Ocaña & Fuster, 2021). In addition, this 

technique provided a solid foundation for the 

development of the research report. Accordingly, the 

procedure followed methodological steps that 

ensured the quality and coherence of the review 

process. The review team initially used the web-

based Covidence software (Fernández & Enríquez, 

2020) to import and manage the records in Excel 

format, including automated duplicate removal and 

structured screening of titles, abstracts, and full texts 

based on the inclusion and exclusion criteria (Table 

2). 

After the review, the team extracted relevant 

data in an organized manner and subsequently 

exported them to an external matrix for qualitative 

content analysis. The interpretive phase applied the 

criteria of coherence, recurrence, and relevance to 

identify thematic patterns in the extracted material. 

Two independent reviewers applied all interpretive 

criteria and resolved discrepancies by consensus. 

This integrated workflow ensured methodological 

consistency, minimized bias, and strengthened the 

rigor of the evidence synthesis. 

 

Table 2 

Eligibility Criteria. 
Inclusion criteria Exclusion criteria 

Publication date: Studies 

from 2015 onward 

Publication date: Studies 

published before 2015 

Target population: children 

aged 0 to 6 years 

Target population: older 

than 6 years 

Document type: Scientific 

articles with available 

access 

Document type: Essays, 

proceedings, book chapters, 

among others 

Language: Publications in 

Spanish and English 

Language: studies not in 

Spanish or English 

Results: Articles addressing 

the impact of neuroscience-

based interventions for 

early learning 

Topic: Articles that do not 

assess the impact of 

interventions or are not 

grounded in neuroscience 

for early learning 

Note. The table summarizes the eligibility criteria established 

for the systematic selection of scientific articles, own 

elaboration (2025). 

 

PRISMA (Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses), as a 

technique incorporated into the Covidence workflow, 

enabled the review team to document the search 

pathway and screening decisions and to strengthen 

transparency in the evidence identification process. 

Figure 1 presents the selection flow. In the 

identification phase, the search strategy yielded a 

total of 3,115 records, distributed across Scopus (n = 

244), Web of Science (n = 1,005), and Google 

Scholar (n = 1,866). Before screening, the reviewers 
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removed 57 records during deduplication and 

preliminary screening. Subsequently, the reviewers 

screened 3,058 records by title and abstract and 

excluded 2,871 because they did not meet the 

predefined inclusion criteria. In the retrieval phase, 

the reviewers sought 187 studies for full-text 

assessment and retrieved all of them; therefore, no 

studies remained unretrieved (n = 0). Then, the 

reviewers assessed 187 studies for eligibility and 

excluded 173 because they did not correspond to the 

target population (n = 86), did not present a relevant 

methodological design (n = 27), or did not provide 

results related to the impact of neuroscience-based 

interventions on early learning (n = 60). Finally, 14 

scientific articles met the eligibility criteria and 

formed the final sample of the systematic review. 

 

Figure 1 

PRISMA Study Selection Level (2015-2025). 

 
Note. Process based on the PRISMA statement, own elaboration 

(2025). 

 

To support the research, the review applied 

content analysis to examine, organize, and interpret 

the information from the selected articles. This 

process facilitated the identification of patterns of 

meaning and conceptual relationships within the 

qualitative dataset (Ahmed et al., 2025). The 

procedure followed four phases: exhaustive reading 

of the texts to become familiar with the content; 

coding of units to systematically identify significant 

characteristics; categorization of codes into central 

themes; and a final synthesis that integrated the 

results critically and coherently into a table. 

To ensure the rigor and quality of the analytical 

process, the review established three interpretation 

criteria: coherence, understood as the congruence 

between the data and the research objectives; 

recurrence, which identified repeated and 

representative themes in the reviewed studies; and 

relevance, which ensured that the content was 

directly related to the central purpose of the work. 

These criteria strengthened the internal validity and 

credibility of the results obtained. 

The research process did not involve direct 

contact with human populations, nor did it 

deliberately manipulate variables. For this reason, it 

did not require approval from an institutional ethics 

committee. Nevertheless, the study followed the 

ethical principles of scientific research outlined in the 

Declaration of Helsinki and the COPE (Committee on 

Publication Ethics) guidelines (Parums, 2024), and 

ensured transparency, academic integrity, source 

traceability, and respect for copyright. In addition, the 

authors ensured complete and verifiable citation of all 

analyzed documents, as well as the exclusive use of 

publicly available information. 

 

Results 

 

The systematic review drew its results from the 

qualitative and interpretive analysis of the selected 

studies, which the review examined to identify 

patterns, recurrences, and relevant contributions on 

the impact of neuroscience-based interventions on 

early learning. After the systematization of the 

empirical evidence, the analysis organized the 

findings into analytical categories that described the 

types of interventions implemented, the 

neuroscientific foundations that supported them, the 

predominant methodological characteristics, and the 

main reported effects on the cognitive, 

socioemotional, and motor development of children 

aged 0 to 6 years. This organization supported a 
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structured and comparative understanding of the 

current state of knowledge in the field. 

 

 

Table 3 

Systematization of Available Empirical Evidence (2015-2025). 
Authors and 

year of 

publication 

Database 
Type of 

intervention 

Neuroscientific 

basis 

Study design and 

sample 

Outcome 

measures 

Main empirical 

findings 

(Housman, 

2017) 

Scopus/Wo

S 

ECSEL: 

emotional, 

cognitive, and 

social early 

learning program 

Neuronal 

plasticity; 

emotional co-

regulation 

supporting 

executive functions 

Theoretical review 

with applied 

classroom 

experience (children 

aged 0 to 6 years) 

Practical 

classroom 

indicators 

Improvements were 

reported in emotional 

competence, self-

regulation, and social 

skills. 

(Golding et 

al., 2016) 

Scopus/Wo

S 

Developmental 

dance movement 

Plasticity; 

sensorimotor 

integration 

Quantitative; 

preschool children; 

Goodenough-Harris 

test 

Visuomotor 

integration 

test 

Significant 

improvement in 

visuomotor and 

developmental 

maturity (p = .005). 

(Pereira et 

al., 2019) 
Scopus 

Group 

neuropsychologi

cal intervention 

(Karate-Do) 

Early 

developmental 

plasticity 

Experimental; n = 

52 children (4-6) 

Kolmogorov-

Smirnov; 

Wilcoxon 

Significant 

improvement in 

sensorimotor 

development (p = 

.000). 

(Hermida et 

al., 2015) 

Google 

Scholar 

Educational 

intervention 

focused on 

executive 

function 

Neuroplasticity 

and executive 

function 

development 

Quasi-experimental; 

n = 49 kindergarten 

children 

Pre-post 

assessments 

(academic 

indicators) 

Significant 

improvements in 

academic performance 

in language and 

mathematics, 

autonomy, and peer 

contact. 

(Castro & 

Cevallos, 

2021) 

Google 

Scholar 

Brain stimulation 

strategies 

Neuronal plasticity 

during early 

childhood 

Quasi-experimental; 

10 teachers 

Teacher 

surveys 

High percentages of 

teacher-perceived 

benefits in learning 

and development. 

(Mayorga et 

al., 2025) 

Google 

Scholar 

Neurotechnology

-based 

intervention 

Principles of 

neuroeducation 

Mixed methods; n = 

42 children and 4 

teachers 

Neurocognitiv

e tests and 

interviews 

Mean improvement of 

3.87 points in 

neuropsychological 

development; 

increased attention and 

academic skills. 

(Manzano et 

al., 2024) 

Google 

Scholar 

Comparative 

early literacy 

methods: 

neuroeducation 

vs. traditional 

methods 

Foundations of 

neuroeducation 

Quasi-experimental; 

n = 60 

Standardized 

tests and 

observations 

Higher scores in 

memory, attention, 

logical reasoning, and 

language in the 

neuroeducation group. 

(Alvarez et 

al., 2025) 

Google 

Scholar 

Sensorimotor 

play activities 

Developmental 

neuroscience; 

sensory stimulation 

Quasi-experimental; 

n = 60 (3-5 years) 

Cognitive 

function 

assessments 

Significant 

improvement in 

attention, working 

memory, perception, 

and emotional 

regulation (p < .001). 

(Torres et al., 

2025) 

Google 

Scholar 

Early stimulation 

through play-

based 

neuroeducational 

strategies 

Plasticity and 

socioemotional 

circuits 

Mixed; n = 200 (3-5 

years) 

Pre- and post-

tests; 

interviews; 

observations 

Increased empathy and 

emotional regulation; 

positive correlation 

between both 

constructs. 

(Coello, 2021) 
Google 

Scholar 

Early stimulation 

programs 

Neuroplasticity 

favors cognitive, 

linguistic, and 

Phenomenological/c

orrelational; n = 400 

Ortiz 

Abbreviated 

Development 

Scale 

Increases in linguistic, 

motor, and 

socioaffective 
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socioaffective 

development 

development 

indicators. 

(Flor et al., 

2025) 

Google 

Scholar 

Multisensory 

classroom 

program 

Plasticity; 

multisensory 

stimulation 

Mixed; n = 160 

children and 6 

teachers 

Standardized 

tests and 

structured 

observations 

Improvements in 

attention, memory, 

verbal comprehension, 

emotional regulation, 

and social skills. 

(Ayala, 2023) 
Google 

Scholar 

NeuronUP Kids 

neuropsychologi

cal program 

Neuronal plasticity 

Quasi-experimental; 

daily sessions; n = 

5-6 years 

Pre- and post-

cognitive and 

literacy 

assessments 

Improvements in 

reading and writing; 

no significant change 

in mathematics. 

(Herrera et 

al., 2025) 

Google 

Scholar 

Augmented 

reality cognitive 

development 

program 

Neuroeducation; 

multisensory 

stimulation 

Mixed; n = children 

aged 4 to 6 years 

Cognitive 

assessments; 

qualitative 

observations 

Quantitative increases 

in attention (+13.7%), 

memory (+13.6%), 

and creativity 

(+13.3%). 

(Cetre et al., 

2024) 

Google 

Scholar 

Parent training in 

early stimulation 

Principles of 

neuroeducation 

Mixed: 2 teachers, 

18 parents, 18 

children 

Surveys; 

interviews; 

observation 

checklists 

Increased application 

of stimulation 

techniques by parents 

and improvements in 

all developmental 

domains. 

Note. The table summarizes the main data extracted from the selected scientific articles, own elaboration 

(2025). 

 

Table 4 

Qualitative Content Analysis Matrix. 
Category Subcategory Description Units of meaning 

A. Types of intervention 
A1. Emotional regulation and 

executive function programs 

Programs aimed at emotional 

competence, self-regulation, and 

EF 

“ECSEL”, “co-regulation”, 

“executive function activities” 

 
A2. Kinesthetic and 

sensorimotor activities 

Motor integration interventions 

based on movement 

“Karate-Do”, “dance 

movement”, “sensorimotor 

games” 

 
A3. Multisensory/technology-

assisted interventions 

Interventions using multisensory 

environments or digital tools 

“Augmented reality”, 

“multisensory classrooms”, 

“neurotechnology” 

B. Neuroscientific 

foundations 
B1. Neuronal plasticity 

References to plasticity, early 

windows, and neuronal 

adaptability. 

“Brain plasticity”, “critical 

periods”, “experience-dependent 

circuits” 

 
B2. Multisensory stimulation 

and emotional co-regulation 

Integration of multiple sensory 

pathways for learning 

“Multisensory input”, “sensory 

circuits”, “pathways linked to 

perception” 

 B3. Sensorimotor integration Motor and cognitive connections 
“Visuomotor integration”, 

“sensorimotor development” 

C. Methodological 

characteristics 
C1. Study design 

experimental, quasi-experimental, 

mixed, theoretical 

“pre-post”, “quasi-

experimental”, “mixed methods” 

 C2. Assessment strategies 
Standardized tests, scales, and 

teacher reports 

“Goodenough-Harris”, “pre-

posttests”, “observations” 

 C3. Sample characteristics Age, size, educational level 
“n=60”, “preschool children”, 

“parents and teachers” 

Note. The table summarizes the main data from the qualitative content analysis, own elaboration (2025). 

 

 

Results of the Main Interventions 

 

The interventions identified focused on early 

learning in children aged 0 to 6 years and were  

 

 

grouped into three main subcategories derived from 

the content analysis: emotional regulation and 

executive function programs, kinesthetic and 

sensorimotor activities, and multisensory or 

technology-assisted interventions. 
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Results of the Main Neuroscientific Foundations 

Used in the Interventions 

 

The neuroscientific foundations identified in 

the studies were primarily linked to codes such as 

neuronal plasticity, understood as the brain’s capacity 

to adapt and reorganize in response to appropriate 

stimuli during sensitive developmental periods such 

as early childhood; multisensory stimulation to 

reinforce neural connections associated with 

executive functions, emotional regulation, and 

effective learning; and sensorimotor integration as a 

foundation for cognitive and motor development, as 

well as the role of early experiences as determinants 

of brain circuits essential for academic performance 

and comprehensive development. 

 

Results of the Main Methodological Characteristics 

Used in the Selected Studies 

Most studies adopted quasi-experimental designs 

(42.9%), followed by mixed methods designs 

(28.6%), while other studies included exclusively 

quantitative approaches (7.1%), theoretical reviews 

(7.1%), and phenomenological/correlational field 

designs (7.1%). In addition, samples ranged from 18 

to 400 participants, and assessment strategies such as 

pre- and post-intervention evaluations were recurrent 

in empirical research; studies also combined 

standardized tests with qualitative techniques to 

contextualize the educational applicability of the 

interventions. 

 

Discussion 

 

The systematic review answers the guiding 

question of the study by showing that neuroscience-

based interventions grounded in principles such as 

neuroplasticity, sensory stimulation, and emotional 

co-regulation produce beneficial and measurable 

effects on early learning in specific areas such as 

cognitive, socioemotional, and motor development. 

This finding supports the role of neuroscience as a 

theoretical and practical foundation for understanding 

learning processes in the first years of life from a 

comprehensive perspective. As Manobanda & 

Bonilla (2025) explain, this period constitutes a 

unique window of opportunity to promote 

developmental areas and establish the foundations for 

healthy growth and successful future learning. 

A substantial contribution involved identifying 

the interventions, which revealed predominant 

approaches in neuroscience and the dimensions of 

child development that early learning strengthens 

through targeted experiences. Among them, 

interventions oriented toward cognitive training and 

executive functions through multisensory stimulation 

and neuroeducational games were prominent; those 

centered on emotional co-regulation and 

socioaffective neuroeducation, which seek to 

improve empathy, emotional regulation, and self-

regulation; and those that integrate neuroplasticity 

and body movement to stimulate coordination, 

attention, and motor memory. 

The results align with those reported by Mondi 

et al. (2021), who demonstrated that socioemotional 

interventions strengthen empathy and self-regulation 

in early childhood. Likewise, Hosokawa et al. (2024) 

showed that social-emotional learning programs 

improve emotional regulation and executive 

functions, results that coincide with the reported 

improvements. Pacheco et al. (2025), in turn, 

confirmed that activities integrating body movement 

and cognitive stimulation increase attention and 

motor memory. Together, these findings reinforce the 

need for comprehensive early learning interventions 

that involve active and affective experiences to 

optimize brain development. 

Accordingly, this analysis is relevant because it 

clarifies in a structured and evidence-based way how 

neuroscientific principles are translated into effective 

pedagogical strategies and shows a growing trend 

toward comprehensive and cross-cutting 

interventions. Such strategies operate on solid 

scientific principles that recognize the brain’s 

capacity to adapt and undergo structural and 

functional adaptive changes in response to 

environmental demands during critical 

developmental periods (Förster & López, 2022; Rozo 

et al., 2024). Therefore, understanding 

neuroscientific mechanisms allows evidence to be 

articulated with contextualized and effective 

educational practices in educational settings. 

The systematic analysis also helped define 

common methodological characteristics and 

emphasized quasi-experimental designs, 
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standardized instruments, and pre/post assessments. 

This pattern coincides with Prime et al. (2023), who 

show that trials with pre/post designs and 

standardized measures achieve consistent 

improvements. Similarly, Bernabe et al. (2025) 

indicate that studies with a control group, sufficient 

intervention dose, and larger samples generate more 

robust effects. Conversely, Muir et al. (2023) 

emphasize that interventions with less 

methodological control present less consistent 

results. Thus, the critical synthesis of this study 

guides future research toward more experimental and 

empirically grounded models and strengthens the 

evidence on the effectiveness of neuroeducational 

strategies in early childhood contexts. 

However, despite the positive evidence, the 

review identified significant gaps that limit the scope, 

homogeneity, and sustainability of the interventions. 

Although several studies used experimental and 

quasi-experimental designs with pre- and post-

intervention assessments, heterogeneity in the 

samples and the absence of longitudinal follow-ups 

hinder direct comparison between approaches and the 

generalization of results to broader populations. 

The review found a majority concentration of 

interventions aimed at children aged 3 to 6 years, 

which shows limited attention to groups aged 0 to 2 

years. This limitation represents an opportunity for 

future research, since intervening at this stage may 

generate a deeper and more lasting impact on the 

child’s comprehensive development. In addition, the 

lack of standardized approaches and longitudinal 

evaluations reduces the capacity to determine the real 

effectiveness and sustainability of the designed 

interventions. Consequently, future studies should 

strengthen the methodological design, expand the age 

range of participants, and undertake longitudinal 

research that validates and optimizes these 

neuroscientific interventions in early childhood. 

Another relevant limitation is the predominant 

emphasis on interventions designed to optimize 

isolated individual skills, such as executive functions 

or specific cognitive abilities, without sufficiently 

integrating strategies that foster secure affective 

relationships, family support, or community 

participation, which are essential aspects for 

comprehensive and sustainable development during 

early childhood. Likewise, the application of 

advanced technologies such as augmented reality and 

neurotechnologies, although promising in terms of 

personalization and motivation for learning at an 

early age, also poses challenges in terms of 

accessibility, limited technology time for children 

aged 0 to 6 years, teacher training, and equity in 

contexts with limited resources. 

Additionally, the training and awareness of 

educational staff and the active inclusion of families 

emerge as key factors to ensure successful 

implementation and learning transfer. In this regard, 

teacher training in applied neuroscience helps 

overcome pedagogical resistance and provide better 

quality in the execution of interventions designed 

under neuroscientific principles, while parental 

involvement creates enriched learning environments 

that enhance brain plasticity and support the 

consolidation of skills in the different areas of child 

development and learning processes in early 

childhood. 

The findings also indicate the need to move 

toward a more holistic and multidimensional model 

that combines neuroscience with pedagogical and 

sociocultural approaches and promotes integrated and 

contextualized interventions, while acknowledging 

the complexity of early learning. From this 

perspective, this model should consider emotional, 

motivational, relational, and sociocultural factors that 

influence learning and child well-being, and promote 

inclusive and equitable practices adapted to diversity 

in early childhood contexts. 

In summary, the systematic review provides 

significant evidence on the transformative potential 

of neuroscience-based interventions for early 

learning and also underscores the need to strengthen 

methodological standardization, expand the sample, 

incorporate a focus on social and contextual 

dimensions, and include teacher training and family 

participation to maximize results. The concerted 

application of these elements may advance 

educational systems that enhance children’s 

comprehensive development, establish solid 

foundations for early learning in the first years of life, 

and support sustained long-term academic and 

developmental success. 

Conclusions 
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The systematic review demonstrates the 

relevance of neuroscience-based interventions as a 

significant contribution to understanding and 

optimizing early learning. The results indicate that 

the application of neuroscientific principles, 

supported by neuroplasticity, promotes cognitive, 

socioemotional, and motor development and 

consolidates a knowledge framework that strengthens 

the effectiveness of educational programs designed 

from the perspective of the developing brain. This 

approach strengthens child well-being and supports 

the design of learning environments that are more 

responsive to the needs of comprehensive 

development in early childhood. 

In alignment with the proposed objectives, the 

study enabled the identification and analysis of 

various intervention modalities designed to stimulate 

brain plasticity, emotional self-regulation, 

multisensory stimulation, and sensorimotor 

integration, which showed substantial improvements 

in the fundamental competencies for learning. These 

findings suggest future implications for educational 

practice through the implementation of evidence-

based neuroeducational methodologies. However, the 

review recognizes the need to strengthen the 

methodological rigor of quasi-experimental designs, 

expand sample diversity, and deepen teacher training 

and family participation as decisive factors for the 

overall sustainability and effectiveness of 

interventions. 

Future research should move toward the 

standardization of methodological procedures and 

broaden the age range of study, especially in the 

population aged 0 to 2 years, a key stage for the 

consolidation of neuroplasticity. Researchers should 

also develop robust longitudinal studies that evaluate 

the permanence of effects and promote a broader and 

sustained understanding of the long-term impact of 

neuroeducational interventions. In addition, future 

studies should adopt a holistic approach that 

strengthens the training and awareness of teachers 

and families to ensure the adequate and 

contextualized implementation of strategies derived 

from neuroscience applied to early childhood 

education. 

Acknowledgments 

 

Special thanks are extended to Universidad 

Estatal Península de Santa Elena and the 

collaborators who guided the research. 

 

Declaration of Conflicts of Interest 

 

The author declares that there are no conflicts 

of interest related to the conduct of this study or to the 

interpretation of its results. Likewise, they state that 

they do not maintain personal, academic, or financial 

relationships that could influence the development or 

findings of the research. 

Funding Statement 

 

The authors declare that this research did not 

receive funding from public, private, or commercial 

institutions and that it was developed with their own 

resources, which guarantees the independence of the 

research process. 

Ethics Statement 

 

This study did not require approval from an 

institutional ethics committee, as it was a systematic 

review based on scientific articles indexed in Scopus, 

Web of Science, and Google Scholar, without direct 

contact with participants or manipulation of 

variables. Transparency, academic integrity, source 

traceability, verifiable citation, and respect for 

copyright were guaranteed. 

References 

 
Ahmed, S. K. (2024). How to choose a sampling technique and 

determine sample size for research: A simplified guide for 

researchers. Oral Oncology Reports, 12, 100662. 

https://doi.org/10.1016/j.oor.2024.100662 

 

Ahmed, S. K., Mohammed, R. A., Nashwan, A. J., Ibrahim, R. H., 

Abdalla, A. Q., M. Ameen, B. M., & Khdhir, R. M. (2025). 

Using thematic analysis in qualitative research. Journal of 

Medicine, Surgery, and Public Health, 6, 100198. 

https://doi.org/10.1016/j.glmedi.2025.100198 

 

Alvarez, D., Vargas, J., Amaguaña, E., Chang, R., Constante, D., & 

Álava, M. (2025). Neurodesarrollo y Juego Sensorial: 

Estrategias Pedagógicas para Potenciar la Cognición Temprana 

en la Educación Inicial. Revista Científica de Salud y Desarrollo 

Humano, 6(2), 419–444. 

https://doi.org/10.61368/r.s.d.h.v6i2.609 

 

Ayala, A. (2023). Efecto de un programa de intervención 

neuropsicológica en el desarrollo de las habilidades académicas 



 

  
 

Impact of Neuroscience-Based Interventions on  

Early Learning 

Zambrano-Vélez, W., Tomalá-Suárez, J., Íñiguez-Apolo, L., & Del-Pezo-Lainez, A. (2026). Impact of Neuroscience-Based Interventions on 

Early Learning. Docentes 2.0 Technological-Educational Journal, 19(1), 82-93. https://doi.org/10.37843/rted.v19i1.754 

82-93 

91 

en los primeros años escolares. Propósitos y Representaciones, 

11(3), e1876. https://doi.org/10.20511/pyr2023.v11n3.1876 

 

Bernabe-Zuñiga, J. E., Rodriguez-Lucenilla, M. I., Alias-Castillo, A. J., 

Rueda-Ruzafa, L., Roman, P., & del Mar Sanchez-Joya, M. 

(2025). Early interventions with parental participation and their 

implications on the neurodevelopment of premature children: a 

systematic review and meta-analysis. European Child & 

Adolescent Psychiatry, 34(3), 853–865. 

https://doi.org/10.1007/s00787-024-02528-1 

 

Castro, M., & Cevallos, A. (2021). La estimulación del cerebro y su 

influencia en el aprendizaje de los niños de preescolar. ReHuso. 

Revista de Ciencias Humanísticas y Sociales, 6(1), 49–56. 

https://doi.org/10.5281/zenodo.5512747 

 

Cetre, R., Ramírez, G., Ripalda, V., & Macías, J. (2024). Formación en 

estimulación temprana para el desarrollo de las habilidades en 

las áreas cognitiva, lenguaje, motora y social en infantes de cero 

a tres años. Ciencia y Educación, 5(6), 20–33. 

https://doi.org/https://doi.org/10.5281/zenodo.11640992 

 

Chang, Q. (2022). The contribution of a hermeneutic approach to 

investigate psychological variables in second language 

acquisition. Frontiers in Psychology, 13, 1–7. 

https://doi.org/10.3389/fpsyg.2022.1055249 

 

Coello, M. (2021). Estimulación temprana y desarrollo de habilidades 

del lenguaje: Neuroeducación en la educación inicial en 

Ecuador. Revista de Ciencias Sociales (Ve), 17(4), 309–323. 

https://www.redalyc.org/articulo.oa?id=28069360022 

 

Coello, M., Suárez, A., Iza, S., & Bonilla, M. (2022). La 

neuroeducación como enfoque lingüístico cognitivo en la 

estimulación temprana en niños de educación inicial. Retos, 45, 

20–33. https://doi.org/10.47197/retos.v45i0.88684 

 

Davidescu, A. A. M., Florescu, M. S., Mosora, L. C., Mosora, M. H., 

& Manta, E. M. (2022). A Bibliometric Analysis of Research 

Publications of the Bucharest University of Economic Studies in 

Time of Pandemics: Implications for Teachers’ Professional 

Publishing Activity. International Journal of Environmental 

Research and Public Health, 19(14), 8779. 

https://doi.org/10.3390/ijerph19148779 

 

Fernández, H., & Enríquez, C. (2020). Revisiones Sistemáticas 

Exploratorias como metodología para la síntesis del 

conocimiento científico. Enfermería Universitaria, 17(1), 87–

94. https://doi.org/10.14482/indes.30.1.303.661 

 

Ferreira, R. A., & Rodríguez, C. (2022). Effect of a Science of Learning 

Course on Beliefs in Neuromyths and Neuroscience Literacy. 

Brain Sciences, 12(7), 2–14. 

https://doi.org/10.3390/brainsci12070811 

 

Flemming, K., & Noyes, J. (2021). Qualitative Evidence Synthesis: 

Where Are We at? International Journal of Qualitative 

Methods, 20. https://doi.org/10.1177/1609406921993276 

 

Flor, J., González, L., & Astudillo, A. (2025). El impacto de las aulas 

multisensoriales en el desarrollo cognitivo y emocional de los 

niños de 0 a 5 años. Ciencia y Educación, 6(6.1), 575–590. 

https://www.cienciayeducacion.com/index.php/journal/article/v

iew/1378 

 

Förster, J., & López, I. (2022). Neurodesarrollo humano: un proceso de 

cambio continuo de un sistema abierto y sensible al contexto. 

Revista Médica Clínica Las Condes, 33(4), 338–346. 

https://doi.org/10.1016/j.rmclc.2022.06.001 

 

French, C., Dowrick, A., Fudge, N., Pinnock, H., & Taylor, S. J. C. 

(2022). What do we want to get out of this? a critical interpretive 

synthesis of the value of process evaluations, with a practical 

planning framework. BMC Medical Research Methodology, 

22(1), 302. https://doi.org/10.1186/s12874-022-01767-7 

 

Goldberg, H. (2022). Growing Brains, Nurturing Minds—

Neuroscience as an Educational Tool to Support Students’ 

Development as Life-Long Learners. Brain Sciences, 12(12), 

1622. https://doi.org/10.3390/brainsci12121622 

 

Golding, A., Boes, C., & Nordin, S. (2016). Investigating learning 

through developmental dance movement as a kinaesthetic tool 

in the Early Years Foundation Stage. Research in Dance 

Education, 17(3), 235–267. 

https://doi.org/10.1080/14647893.2016.1204282 

 

Guillén, P., & Guillen, A. (2025). Cómo aprende el cerebro: 

aplicaciones de la neurociencia en la educación. Una revisión 

sistemática. RECIAMUC, 9(1), 16–31. 

https://doi.org/10.26820/reciamuc/9.(1).ene.2025.16-31 

 

Hermida, M. J., Segretin, M. S., Prats, L. M., Fracchia, C. S., Colombo, 

J. A., & Lipina, S. J. (2015). Cognitive neuroscience, 

developmental psychology, and education: Interdisciplinary 

development of an intervention for low socioeconomic status 

kindergarten children. Trends in Neuroscience and Education, 

4(1–2), 15–25. https://doi.org/10.1016/j.tine.2015.03.003 

 

Herrera, M., Cáceres, G., Basurto, M., Ruiz, M., Mendoza, W., 

Baquerizo, L., & Zamora, M. (2025). Neuroeducación y 

Realidad Aumentada: Estrategias Interactivas para Potenciar el 

Desarrollo Cognitivo en la Educación Inicial. Revista Científica 

de Salud y Desarrollo Humano, 6(1), 1404–1426. 

https://doi.org/10.61368/r.s.d.h.v6i1.534 

 

Hosokawa, R., Matsumoto, Y., Nishida, C., Funato, K., & Mitani, A. 

(2024). Enhancing social-emotional skills in early childhood: 

intervention study on the effectiveness of social and emotional 

learning. BMC Psychology, 12(1), 761. 

https://doi.org/10.1186/s40359-024-02280-w 

 

Housman, D. (2017). The importance of emotional competence and 

self-regulation from birth: a case for the evidence-based 

emotional cognitive social early learning approach. 

International Journal of Child Care and Education Policy, 

11(1), 2–19. https://doi.org/10.1186/s40723-017-0038-6 

 

Leisman, G. (2022). On the Application of Developmental Cognitive 

Neuroscience in Educational Environments. Brain Sciences, 

12(11), 1501. https://doi.org/10.3390/brainsci12111501 

 

Leon, D., Álvarez, A., Mayorga, H., & Páez, C. (2025). 

Neuroplasticidad infantil, bases científicas y estrategias 

pedagógicas para potenciar el aprendizaje en entornos 

educativos. Estudios y Perspectivas Revista Científica y 

Académica, 5(2), 506–519. 

https://doi.org/10.61384/r.c.a..v5i2.1137 



 

  
 

Impact of Neuroscience-Based Interventions on  

Early Learning 

Zambrano-Vélez, W., Tomalá-Suárez, J., Íñiguez-Apolo, L., & Del-Pezo-Lainez, A. (2026). Impact of Neuroscience-Based Interventions on 

Early Learning. Docentes 2.0 Technological-Educational Journal, 19(1), 82-93. https://doi.org/10.37843/rted.v19i1.754 

82-93 

92 

 

Liu, S., & Fisher, P. (2022). Early experience unpredictability in child 

development as a model for understanding the impact of the 

COVID-19 pandemic: A translational neuroscience perspective. 

Developmental Cognitive Neuroscience, 54, 101091. 

https://doi.org/10.1016/j.dcn.2022.101091 

 

Maguire, M., & Delahunt, B. (2017). Doing a Thematic Analysis: A 

Practical, Step-by-Step Guide for Learning and Teaching 

Scholars. AISHE-J, 3, 3351–33514. 

https://doi.org/https://doi.org/10.62707/aishej.v9i3.335 

 

Manobanda, J., & Bonilla, M. (2025). Impact of neuroscience on 

cognitive development during early childhood in early 

childhood education. Revista Científica Arbitrada de 

Investigación En Comunicación, Marketing y Empresa - 

REICOMUNICAR, 8. https://doi.org/10.46296/rc.v8i15.0327 

 

Manzano, G., Naranjo, E., Espinoza, J., Naranjo, A., & Naranjo, P. 

(2024). Comparación de Métodos de Alfabetización Temprana 

Basados en Neuroeducación y Técnicas Tradicionales en el 

Desarrollo Cognitivo Infantil. Ciencia Latina Revista Científica 

Multidisciplinar, 8(5), 12365–12377. 

https://doi.org/10.37811/cl_rcm.v8i5.14658 

 

Mayorga, H., Páez, C., León, D., & Álvarez, A. (2025). 

Neurotecnología y Educación Inicial: Posibilidades para 

potenciar el aprendizaje temprano. Revista Escuela, Familia y 

Comunidad, 4(1), 23–34. 

https://doi.org/10.48190/revefc.v4n1a2 

 

Mengist, W., Soromessa, T., & Legese, G. (2020). Method for 

conducting systematic literature review and meta-analysis for 

environmental science research. MethodsX, 7, 100777. 

https://doi.org/10.1016/j.mex.2019.100777 

 

Mondi, C. F., Giovanelli, A., & Reynolds, A. J. (2021). Fostering socio-

emotional learning through early childhood intervention. 

International Journal of Child Care and Education Policy, 

15(1), 6. https://doi.org/10.1186/s40723-021-00084-8 

 

Muir, R. A., Howard, S. J., & Kervin, L. (2023). Interventions and 

Approaches Targeting Early Self-Regulation or Executive 

Functioning in Preschools: A Systematic Review. Educational 

Psychology Review, 35(1), 27. https://doi.org/10.1007/s10648-

023-09740-6 

 

Ocaña, Y., & Fuster, D. (2021). The bibliographical review as a 

research methodology. Revista Tempos e Espaços Em 

Educação, 14(33), e15614. 

https://doi.org/10.20952/revtee.v14i33.15614 

 

Pacheco, C., Culkin, V., Putkaradze, A., & Zeng, N. (2025). Effects of 

movement behaviors on preschoolers’ cognition: a systematic 

review of randomized controlled trials. International Journal of 

Behavioral Nutrition and Physical Activity, 22(1), 12. 

https://doi.org/10.1186/s12966-025-01705-y 

 

Pardo, K., Cuervo, L., & Villanueva, C. (2023). Intervenciones 

Cognitivas, Emocionales y Educativas Para Niños en Primera 

Infancia. Revisión Sistemática. Revista Ecuatoriana de 

Neurología, 32(2), 86–97. 

https://doi.org/10.46997/revecuatneurol32200086 

 

Parums, D. V. (2024). Editorial: The 2024 Revision of the Declaration 

of Helsinki and its Continued Role as a Code of Ethics to Guide 

Medical Research. Medical Science Monitor, 30. 

https://doi.org/10.12659/MSM.947428 

 

Pereira, L., Rojas, L., Formoso, A., Contreras, L., & Estevez, M. 

(2019). Influencia de la estimulación temprana en el desarrollo 

sensorio-motriz de niños de cuatro a seis años: una visión desde 

el Karate Do. Retos, 35, 147–155. 

https://doi.org/https://doi.org/10.47197/retos.v0i35.63104 

 

Pérez, E., Guillén, M., Márquez, F., Vera, J., Gallegos, M., Rico, M., 

Aguilar, J., & Gutiérrez, I. (2024). Methodological and 

Statistical Considerations for Cross-Sectional, Case–Control, 

and Cohort Studies. Journal of Clinical Medicine, 13(14), 4005. 

https://doi.org/10.3390/jcm13144005 

 

Prime, H., Andrews, K., Markwell, A., Gonzalez, A., Janus, M., Tricco, 

A. C., Bennett, T., & Atkinson, L. (2023). Positive Parenting and 

Early Childhood Cognition: A Systematic Review and Meta-

Analysis of Randomized Controlled Trials. Clinical Child and 

Family Psychology Review, 26(2), 362–400. 

https://doi.org/10.1007/s10567-022-00423-2 

 

Punto, E., Yepez, P., Cáceres, E., & Rondón, R. (2025). La Fascinante 

Conexión entre la Neurociencia y el Aprendizaje Matemático. 

Revista Docentes 2.0, 18(1), 382–391. 

https://doi.org/10.37843/rted.v18i1.630 

 

Rodríguez, F., Rodríguez, M., Vera, D., Pitizaca, T., & Cun, P. (2025). 

La Neuroeducación en el Aula Infantil: Aportes Científicos Para 

Potenciar el Desarrollo Cognitivo y Emocional. SAGA Rev. 

Cienc. Multidiscip, 2(2), 171–181. 

https://doi.org/10.63415/saga.v2i2.90 

 

Rozo, J., Martínez, I., & Rodríguez, A. (2024). Cajal, the neuronal 

theory and the idea of brain plasticity. Frontiers in 

Neuroanatomy, 18. https://doi.org/10.3389/fnana.2024.1331666 

 

Rudolph, J. E., Zhong, Y., Duggal, P., Mehta, S. H., & Lau, B. (2023). 

Defining representativeness of study samples in medical and 

population health research. BMJ Medicine, 2(1), e000399. 

https://doi.org/10.1136/bmjmed-2022-000399 

 

Sagnay Illapa, B. (2024). Neurodidactics and its impact on child 

development. Universidad Ciencia y Tecnología, 28(125), 88–

96. https://doi.org/10.47460/uct.v28i125.858 

 

Torres, G., Castillo, A., Castillo, M., Galarza, M., & García, M. (2025). 

Estimulación Temprana y Desarrollo Socioemocional en 

Educación Inicial: Estrategias Lúdicas Basadas en 

Neuroeducación para el Fortalecimiento de Habilidades 

Socioafectivas. Revista ASCE Magazine, 4(3), 766–789. 

https://doi.org/10.70577/asce/766.789/2025 

 

Uğraş, M., Zengin, E., Papadakis, S., & Kalogiannakis, M. (2023). 

Early Childhood Learning Losses during COVID-19: 

Systematic Review. Sustainability (Switzerland), 15(7), 2–29. 

https://doi.org/10.3390/su15076199 

 

Vargas, G., Guadarrama, J., Rizzoli, A., Narcizo, F., Medrano, G., 

Villagrán, D., O’Shea, D., & Muñoz, O. (2016). Análisis y 

comparación curricular de las estrategias o programas para el 

desarrollo infantil temprano en México. Boletín Médico Del 



 

  
 

Impact of Neuroscience-Based Interventions on  

Early Learning 

Zambrano-Vélez, W., Tomalá-Suárez, J., Íñiguez-Apolo, L., & Del-Pezo-Lainez, A. (2026). Impact of Neuroscience-Based Interventions on 

Early Learning. Docentes 2.0 Technological-Educational Journal, 19(1), 82-93. https://doi.org/10.37843/rted.v19i1.754 

82-93 

93 

Hospital Infantil de México, 73(2), 90–104. 

https://doi.org/10.1016/j.bmhimx.2015.10.004 

 

Vargas, W., Zavala, E., & Zuñiga, P. (2024). Estrategias para el 

aprendizaje desde la neurociencia: Revisión sistemática. Revista 

Arbitrada Interdisciplinaria Koinonía, 9(1), 97–114. 

https://doi.org/10.35381/r.k.v9i1.3556 

 

Vera, I., & Carrión, J. (2023). Estrategias neuropedagógicas para la 

atención del Retraso Simple del Lenguaje en infantes. Revista 

San Gregorio, 1(56), 56–71. 

https://doi.org/10.36097/rsan.v1i56.2402 

 

Walsh, K., L’Estrange, L., Smith, R., Burr, T., & Williams, K. E. 

(2024). Translating neuroscience to early childhood education: 

A scoping review of neuroscience-based professional learning 

for early childhood educators. Educational Research Review, 

45, 100644. https://doi.org/10.1016/j.edurev.2024.100644 

 

Wendie, A., & Berhanu, K. (2025). Practices and challenges of 

implementing early childhood care and education in Bahir Dar 

city administration, Ethiopia. International Journal of Child 

Care and Education Policy, 19(1), 2–21. 

https://doi.org/10.1186/s40723-025-0 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


