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Abstract: The growing interest in the relationship between neuroscience and education has generated a
substantial body of research; however, its integration into teacher education remains uneven. This systematic
review aims to identify key neuroscientific knowledge with pedagogical relevance and to examine how such
knowledge is incorporated into initial teacher education programmes.

Following PRISMA 2020 guidelines, a total of 360 studies were initially identified across Scopus, Web of
Science, ERIC, and ProQuest. After applying inclusion and exclusion criteria, 26 studies were selected for
analysis, including both primary (n = 15) and secondary studies (n = 11).

Findings reveal a limited number of intervention-based studies explicitly integrating neuroscience into
teacher education. Most research focuses on neuromyths, executive functions, and general learning pro-
cesses, with fewer studies addressing structured pedagogical applications.

The review highlights the need for evidence-based and practice-oriented training programmes, moving
beyond theoretical knowledge towards effective classroom implementation. It contributes to the field by iden-
tifying key gaps and providing directions for the development of neuroscience-informed teacher education.
Keywords: neuroscience; teacher education; evidence-based education; neuromyths; pedagogical practice.

EN'Neurociencia y formacion docente: evidencias y aplicaciones
pedagogicas desde una revision sistematica

Resumen: El creciente interés por la relacién entre neurociencia y educacion ha generado una amplia
produccidn cientifica; sin embargo, su integracion en la formacion docente sigue siendo desigual. Esta
revision sistematica tiene como objetivo identificar conocimientos neurocientificos con relevancia
pedagodgicay analizar como se incorporan en los programas de formacion inicial del profesorado.

Siguiendo las directrices PRISMA 2020, se identificaron inicialmente 360 estudios en Scopus, Web of
Science, ERIC y ProQuest. Tras aplicar los criterios de inclusién y exclusion, se seleccionaron 26 estudios
para su analisis, incluyendo investigaciones primarias (n = 15) y secundarias (n = 11).

Los resultados evidencian un numero limitado de estudios basados en intervenciones que integren de
forma explicita la neurociencia en la formacion docente. La mayoria de las investigaciones se centran en
neuromitos, funciones ejecutivas y procesos generales de aprendizaje, siendo menos frecuentes aquellas
que abordan aplicaciones pedagodgicas estructuradas.

La revision pone de manifiesto la necesidad de desarrollar programas formativos basados en la eviden-
ciay orientados a la practica, que vayan mas alla del conocimiento tedrico hacia su aplicacion efectiva en el
aula. Asimismo, identifica vacios relevantes y orienta futuras lineas de investigacion en la formacion docente
informada por la neurociencia.

Palabras clave: neurociencia; formacion docente; educacion basada en evidencia; neuromitos; practica
pedagogica
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1. Introduction

In recent decades, findings from neuroscience have been incorporated into the field of education, which is con-
sidered an area with the potential to transform teaching practices, particularly in initial teacher training (Duo, 2024;
Calzadilla-Pérez, 2023; Oyarzun et al., 2022). Neuroscience is a field that encompasses the scientific disciplines
that study the nervous system, the brain, and their influence on behavior (Schmitt et al., 2023). Its interdisciplinary
nature, which integrates biology, psychology, physics, mathematics, philosophy, and computer science, helps us
understand the cognitive and affective processes of development, opening doors to strengthen education.

This is where neuroeducation comes into play, the field that applies knowledge about how the brain works
to the teaching-learning process (Mora, 2020; Baena-Extremera et al., 2021). It seeks to make connections
between what happens in the brain, cognitive psychology, and pedagogy, offering theoretical bases for
improving teaching and destroying neuromyths. In addition, neuropedagogy has placed the learner at the
center and the teacher as a mediator who knows how to respond to the diversity and needs of each student
(Esteban et al., 2023). Authors mention positive results in cognitive stimulation, cooperative learning, artistic
expression, kinesthetic learning, thinking routines, and gamification (Duo, 2024), as well as improvements in
reading, math, and social-emotional skills (Caballero & Llorent, 2022). However, caution is advised in reading
these findings critically and avoiding uncritical and reductionist application (Gago & Elgier, 2018).

However, the articulation between neuroscience, education, and pedagogy is not always achieved with
epistemological rigor and didactic contextualization. It has been identified that neuroscientific dissemination
is often influenced by simplified interpretations and neuromyths that distort its meaning and pedagogical
application. This situation, coupled with the lack of neuroeducational training among teachers, hinders the
development of evidence-based practices (Privitera, 2021; Calzadilla-Pérez, 2023).

The role of teachers in lifelong human development has been recognized, and Goal 4 of the 2030 Agenda
calls for inclusive, equitable, and quality education (United Nations, 2015). However, the incorporation of neu-
roscience into pedagogy has been slower than expected. Although technology, such as magnetic resonance
imaging (MRI) and electroencephalograms (EEG), has made contributions in the clinical, social, and individual
fields (Castellanos, 2023; Alcivar & Moya, 2020), its conversation with education is still in its infancy. As Araya-
Pizarro and Espinoza Pastén (2020) point out, much of this knowledge is not directly linked to educational
processes, and initial teacher training programs still maintain inflexible structures that prevent the incorpo-
ration of scientific evidence (Roman & Poenitz, 2018). Therefore, the lack of neuroeducational training trans-
lates into a low application of neurodidactic practices in the classroom (Diaz-Cabriales et al., 2023).

Neuroscience provides theoretical frameworks and evidence ranging from emotion, cognition, and atten-
tion to the body as the cornerstone of teacher well-being (Castellanos, 2023), but there are still gaps in how to
integrate these findings with pedagogy and teaching methods. Added to this is the “insufficient integration of
neuroeducational knowledge” in initial teacher training curricula (Calzadilla-Pérez, 2023), demonstrating the
need to systematically examine how this knowledge is being integrated. Within this framework, this systematic
review (SR) seeks to analyze how neuroscientific and pedagogical contributions are integrated into initial teach-
er training programs between 2015 and 2025, recognizing the curricular configurations and training proposals
that favor teacher improvement.

2. Methodology

The present research was conducted as a systematic review, adhering to the PRISMA 2020 guidelines (Page et
al., 2021), with the aim of identifying and systematising the interdisciplinary knowledge linking neuroscience and
pedagogy. Particular emphasis is placed on elements specifically integrated into Initial Teacher Training curricular
programmes between 2015 and 2025. The stages undertaken included: formulation of the research question,
conceptual delimitation, establishment of inclusion and exclusion criteria, development of the search strategy,
identification (initial reading and elimination), screening (in-depth reading and elimination based on inclusion cri-
teria), inclusion (in-depth reading and elimination based on exclusion criteria), analysis of the research studies,
and reporting of results. The analysis employed a qualitative approach with a descriptive-analytic orientation.

2.1. Research Question and PICOC Strategy

The central question of the Systematic Review (SR) was: What interdisciplinary knowledge linking neuro-
science and pedagogy has been incorporated into Initial Teacher Training programmes between 2015 and
20257 This was structured using the PICOC strategy:

. Population (P): Initial Teacher Training programmes.
. Intervention (I): Inclusion of neuroscientific knowledge and pedagogical strategies based on neuro-
educational evidence.
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Comparator (C): Not applicable, given the qualitative and descriptive nature of the review.
Outcome (0): Characterisation and systematisation of interdisciplinary knowledge and training
programmes.

. Context (C): Initial teacher training.

This organization facilitated the precise identification of pertinent studies and systematically structured
both the search and analysis processes.

2.2. Search Strategy

The exhaustive search was conducted across four academic databases: Scopus, ERIC, Web of Science,
and ProQuest. These were selected as they uphold high selection standards and exclusively gather peer-re-
viewed literature, thereby guaranteeing quality, methodological rigor, and international coverage in educa-
tion, psychology, and cognitive sciences. Collectively, their selection ensures a broad, reliable, and appropri-
ate search for a systematic review. A structured search string was employed using Boolean operators with
Keywords: such as neuroscience, neuroeducation, neuromyths, and neuroplasticity, combined with terms re-
lated to teacher training and pedagogy: (neuroscience OR neuroeducation OR neuromyths OR neuroplasti-
city) AND (“teacher training” OR pedagogy OR “initial teacher training”). The filters applied were period 2015-
2025, English or Spanish language, peer-reviewed studies, and explicit relevance to Initial Teacher Training.

2.3. Inclusion and Exclusion Criteria

These were established considering the objective of the SR and the PICOC strategy. Regarding the Inclusion
criteria: a) empirical or secondary articles related to the integration of neuroscientific knowledge in educa-
tion; b) didactic interventions, assessments of neuroeducation knowledge, or curricular analyses in teacher
training; c) availability of sufficient methodological information; d) full-text access. As for the Exclusion crite-
ria: a) works unrelated to pedagogy or teacher training; b) opinion pieces, essays, or texts lacking an empirical
basis; c) studies focused exclusively on special education with no link to initial training; d) non-peer-reviewed
documents. Concurrently, purely theoretical studies, opinion articles without an empirical basis, and those
focused exclusively on special education without a direct relation to teacher training were excluded.

2.4. Screening and Selection Process

The records were managed using a database created with Microsoft Excel software. The procedure consist-
ed of two stages:

. Initial screening: removal of duplicates and discarding of titles/abstracts deemed out of scope.
. Eligibility assessment: full-text reading of the selected studies, assessing their relevance to the
PICOC question.

Of the initial total (360 records), 329 were examined, 80 were assessed at the full-text level, and 26 studies
(15 primary and 11 secondary) were selected. The PRISMA diagram (Figure 1) summarises the selection process.

Note: This figure corresponds to the PRISMA 2020 flow diagram, including its stages and records
(Source: Authors’ own work).

Figure 1. PRISMA 2020 flow diagram.
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2.5. Quality Assessment of Studies

Given the heterogeneity of the corpus, which comprises empirical studies, systematic reviews, bibliometric
analyses, and conceptual documents, standardised instruments such as the MMAT (Hong et al., 2018) or
CASP (Critical Appraisal Skills Programme, 2018)—designed exclusively for primary studies—were not ap-
plied. Instead, an adapted critical appraisal was conducted based on five criteria: a) clarity and relevance of
the objective; b) adequacy of the design and data collection technique; c) coherence between the theoretical
framework, methodology, and results; d) transparency in the description of the context and limitations; and e)
relevance of the contribution to the neuroscience-pedagogy integration. Two authors evaluated each study
independently; discrepancies were resolved by consensus.

2.6. Analysis and Synthesis Procedure

A thematic coding process was applied, identifying conceptual, methodological, and curricular patterns. The
findings were integrated through a narrative synthesis that combined: a) the categorization of studies (pri-
mary versus secondary); b) the analysis of conceptual trends; c) the identification of pertinent neuroscientific
knowledge; and d) the review of curricular suggestions and didactic interventions. Table 1displays the charac-
terization of the included studies in terms of: participants, country, methodology, objective, and instruments.

Table 1 Description of reviewed articles.

L . Data Collection
Objective and/or Re- Participants / Do- t
Reference Country search Question Methodology cuments Tgfn\':ﬂﬂ; ael::tll
Baena-Ex- To propose an instrument Documentary
tremera et al Spain based on neuroeduca- Bibliographic |48 studies (2007- review of arti-
(2021) : P tion to analyse cognitive | review * 2019) cles, theses, and
skills. books
To verify if neuroeduca- _ ~ _
Ballesta-Claver Spain tional guidelines improve gg::/si,:h%%?t 77 future primary ﬁgnmg(i:rggisnd
(2024) teaphlng in primary edu- control group teachers ENEPID
cation.
. To link neuroscience
Ezrrrr:gi_c;rgo Colombia |Withenvironmental and | Narrative re- | Literature (2002- gr? ;lcseigtg? Iarti—
(2016) cultural factors to dispel |view * 2014) clesy
neuromyths.
To map term co-occu- . .

. . . ; Scientometric ;
Calzadilla-Pérez . rrence in Educational . : 484 documents Term clustering
(2023) Chile Neuroscience. Sociome- {%g’iveldvsé?g (1999-2019) with VOSviewer

tric map.
Casillas-Martin To evaluate future tea- Quantitative .
& Cabezas- Spain chers’ capacity to detect | descriptive lzzt opr;e-serwce edu- ALAFANE Scale
Gonzalez (2024) neuromyths. and inferential
To explore perceptions Q N
. uantitative .
Ching et al. Hong Kong and knowledge of neu- | ° " .0 | 968 pre-service Adapted ques-
(2020) roscience in future tea- nal teachers tionnaire
chers.
To investigate percep-
Da Nobrega Brazil tions of neuromyths in Qualitative 71 undergraduate Semi-structured
iological Sciences stu- | exploratory students questionnaire
(2024) Biological Sci t lorat tudent ti i
dents.
Fernandez Gar- To explore neurodidac- I . - .
cia Valdecasas Spain tics in online teacher rBé\t?ilganetrlc 60 scientific articles ggllosmise(v\llgs)
etal. (2022) professionalisation. Y
To evaluate the effect of
Ferreira & Ro- Chile a SolL course on literacy | Experimental gfuéfi;[ﬁgﬁ?aelr\;ss Online survey at
driguez (2022) and neuromyths in tea- with control cor?trol) ) three time points
chers.
. To develop an instrument Development of
z,:(zﬁzg%?lho Brazil to identify indicators of ?e?/?:v? Etual Reviewed articles cognitive indica-
) cognitive skills. tors
To analyse executive o
. . ; ) Quantitative .
Garcia-Martinez . functions and emotions . 631 Primary Educa- | CEFI-R, ENEPID,
et al. (2024) Spain as enhancers of neuro- ﬁracl)ss—secno— tion students and PLS-SEM
learning.
To compare neuromyths o _
Gonzalez Flores Chile and brain knowledge in Cer(J)z;r;t_lézt(I:\;ﬁ)_ 404 pedagogy stu- rSour;v et%;ancljj gg_u
et al. (2024) future Physical Education nal dents tionr%aireq
teachers.
Kim & Sankey Australi To I?\{[estlg?te origins and Mixed longitu- |1,144 pre-service Survey and text
(2017) ustralia ) evolution of erroneous dinal teachers analysis
beliefs about the brain.
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L . Data Collection
Reference Country Obsj:::::\:‘egsgézzﬁe- Methodology Part|(¢=:‘|]|:na|e1't:sl Do- Technique and/
or Instrument
To analyse neuroscien- Narrative and - .
(l(zfgg:rsr;ova etal. Russia tific research trends in bibliometric Articles in Scopus aB:\k;I;osmisetrlc
education. review * ¥
To relate neuroeducation
Mamani et al. Peru with teaching performan- | Quantitative 396 Primary Educa- | Observation and
(2022) ce from the students’ correlational | tion students questionnaires
perspective.
. To describe prevalence | Quantitative
nggq)e'ra etal. Chile of neuromyths in Physical | cross-sectio- fdl'jeo usr;[iL\l/(cja?:iE[isezom Nl? é"srggn:rt]gisr o
Education students. nal g
To strengthen writing
Oyarzun et al. Chile competence with a neu- | Qualitative 4th-year Spanish/ Didactic interven-
(2022) roeducational interven- | intervention Literature students |tion (4 sessions)
tion.
Painemil et al. Chile and | To evaluate awareness of Srléigt_';itg,:%_ 99 pedagogy stu- Reduced ques-
(2021) Spain neuromyths in pedagogy. nal dents tionnaire
. To analyse the inclusion
(I;eorgg)rlna etal. Spain of neuroeducation in aDr?aclugine?tary 685 teaching guides | Category coding
study plans (curricula). Y
To examine neuronal .
Pradeep et al. India dynamics in learning and Sys_tem*atlc 56 reviewed articles | Scoping Review
(2024) . review
teaching.
To train early childhood
Procopio et al. Spain teachers in cooperative | Qualitative 53 Early Childhood | Analysis of pro-
(2022) P learning and neuroedu- | intervention Education students | posals
cation for SEN.
To implement game-
Procopio et al. Spain %a;?gsp:ﬁgagg%?;éﬁ' Qualitative 28 double degree Design and appli-
(2024) ce in a double degree case study students cation of projects
programme.
To critically review tea- Hermeneutic
Privitera (2021) Canada cher training in neuros- | and systema- |10 reviewed articles | Scoping Review
cience. tic review *
To identify neuroscientific | 5., . .
Rato et al. . h Bibliometric 30 courses and 35 | Curricular analy-
(2022) Portugal gontentin Basic Educa- | o, gy * publications sis in BPN
. To evaluate neuromyths | Quantitative . _ |Neuromyths and
(Sz%grg)ltt etal. Luxembourg | and GBK in education cross-sectio- ?e()sgiggglcsatlon Pro- | Bk question-
professionals. nal naire
Uribe-Gil & To integrate neurop- Hermeneutic - .
Conde-Guzon Spain sychology and braip as- qnd systema- Sﬁgggﬁg‘:liseaggicles :rlezgwgg((a:tlgvels)
(2021) ymmetry in education. tic review *

Note. * Secondary studies

3. Results

As shown in Table 1, 26 studies were considered and analyzed based on six emerging categories: type of
study; professional training program; recurring concepts; contributions to teacher training; relationship be-
tween neuroscience, pedagogy, and education; and educational impact.

3.1 Type of study

This category includes 15 primary studies classified into nine evaluations and six educational interventions,
and 11 secondary studies distributed across seven systematic reviews, one bibliometric study, one sciento-
metric study, and two documentary studies.

Primary studies reveal that teacher trainees have limited knowledge of the human brain. This is due to
the limited incorporation of brain science into teacher training programs (Kim & Sankey, 2017; Procopio et
al., 2024, Ferreira & Rodriguez, 2022). In fact, the latter study is a year-long experimental intervention, which
demonstrates its absence in official programs. This finding highlights the gap between scientific evidence
and its incorporation into teacher training and pedagogical practices.

The topics addressed in three evaluations refer to literacy and perceptions of neuroscience; interaction
between executive functions and emotions as enhancers of neurolearning in inclusive educational contexts;
and the relationship between neuroeducation and teacher performance (Ching et al., 2020: Garcia-Martinez
et al., 2024; Mamani et al., 2022).
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Six other evaluation articles confirm the high prevalence of neuromyths among education students, de-
scribing them as mistaken beliefs about how the brain works and its relationship to learning, which can guide
teachers’ pedagogical decisions (Gonzalez Flores et al., 2024; Painemil et al., 2021; Schmitt et al., 2023;
Maureira et al., 2021; Casillas-Martin & Cabezas-Gonzalez, 2024; Nobrega et al., 2024).

The literature reviewed revealed that the neuromyths most deeply ingrained in teacher trainees have
mainly been transmitted by their teachers and the media. These include the predominance of learning styles
(visual, auditory, kinesthetic); improvement in the brain in early childhood through the use of super-enriched
spaces; dominance of one cerebral hemisphere over the other; and brain gymnastics, referring to physical
exercises that enrich coordination between the cerebral hemispheres. These studies argue that the negative
effects of these beliefs on teacher training are the implementation of pedagogical practices without a basis
in scientific knowledge, generating mistrust in science when a myth fails, a waste of time and resources, and
the use of incorrect conceptual frameworks, among others.

On the other hand, educational interventions based on neuroeducation knowledge are proposed to
contribute to learning and teaching performance. These educational experiences, in addition to including
neuromyths with the aim of overcoming them, addressed, in an infused manner, the development of skills
and knowledge in school subjects, such as writing (Oyarzun et al., 2022); executive functions; cooperative
learning (Procopio et al., 2022); game-based mathematics learning (Procopio et al., 2024); and inquiry-based
learning (Ballesta-Claver, 2024).

In general, most of the articles express a favorable disposition toward learning neuroscience, contem-
plating the overcoming of neuromyths (Ferreira & Rodriguez, 2022), establishing as arguments the benefits
in teaching performance and evidence-based pedagogical decision-making. Kim and Sankey (2017) explain
the importance of incorporating a compulsory unit on neuroscience and education into all teacher train-
ing courses, involving specialists in philosophy to ensure a critical perspective on the incorporation of this
knowledge.

The 11 secondary studies, whose value lies in the analysis of a large number of articles, show a limited
presence of neuroscientific content in teacher training, which favors the persistence of neuromyths such as
learning styles or hemispheric dominance (Uribe Gil & Conde Guzén, 2021; Rato et al., 2022). These studies
agree on the importance of teachers expanding their knowledge of executive functions, emotions, and brain
plasticity as keys to improving learning. The articles analyzed also emphasize the need for critical and con-
textualized training based on evidence (Calzadilla-Pérez, 2023; Pradeep et al., 2024).

3.2 Professional training program

The primary studies analyzed are carried out in initial teacher training programs. In these, it was possible to
identify the school level they aspire to accompany. Only three of the secondary studies specify the name of
the degree. This is the case for Physical Education Pedagogy in Baena-Extremera et al. (2021), Early Childhood
and Primary Education Degree in Peregrina et al. (2023), and Bachelor’s Degree in Basic Education in Rato et
al. (2022). Table 2 shows the names of the programs alongside the bibliographic reference.

Table 2. Professional Training Programs.

Programme Reference
Bachelor’s Degree in Education Ching et al. (2020)
Pedagogy in Spanish Oyarzun et al. (2022)
Pedagogy in Physical Education Maureira et al. (2021), Baena-Extremera et al. (2021)
Pedagogy in Biological Sciences Nobrega et al. (2024)

Garcia-Martinez et al. (2024); Mamani et al. (2022);

Degree in Primary Education Ballesta-Claver (2024)

Degree in Early Childhood Education Procopio et al. (2022)

Degree in Early Childhood and Primary Education (Iz%rg%rina et al. (2023); Procopio et al. (2024); Painemil et al.
Bachelor’s Degree in Basic Education Rato et al. (2022)

Pedagogy erorrzi)ra R.A.y Rodriguez C. (2022); Gonzalez Flores et al.
Future undergraduate teachers Kim y Sankey (2017)

Degrees in Pedagogy, Primary Education Teacher, Social
and Early Childhood Education

Education professionals, students of education sciences
and cognitive psychology

Casillas-Martin y Cabezas-Gonzalez (2024)

Schmitt et al. (2023)

Source: Own elaboration.

Studies that specify the type of teaching program show a greater presence in early childhood and primary
education, with only three in secondary education, one in social education, and one in cognitive psychology
(see Table 2). These results reflect the importance given to training in neuroscience, especially child brain
development and executive functions, in the early stages of life (Oyarzun et al., 2022).
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With regard to secondary education, it can be noted that these studies refer to the relationship between
neuroscience and education, its contributions and challenges, but do not explicitly mention the name of
the degree in pedagogy. Fernandez Garcia Valdecasas et al. (2022) describe the benefits of neuroscience
at the higher education level. Barrios-Tao et al. (2021) relate the contributions of neuroscience to sociocul-
tural factors that influence learning. Uribe-Gil and Conde-Guzoén (2021) analyze brain asymmetry within the
disciplines of neuropsychology and education. Pradeep et al. (2024) examine 15 years of research on how
neuroeducational discourse models impact contemporary education.

Freitas Coelho et al. (2021) present an analytical tool based on the assumptions of neuroeducation for stu-
dents in the field of science education. Calzadilla-Pérez (2023) presents the current state of development of
educational neuroscience and suggests improving curriculum designs for teachers. Khramova et al. (2023)
analyze recent trends in neuroscientific research in education, highlighting the need for interdisciplinary
training. Finally, Privitera (2021) reviews the current state of research on neuroscience training for teachers
and recommends improving the quality and structure of this training.

3.3 Recurring concepts

Table 3 shows the frequency of recurring concepts extracted from reading the abstract, introduction,
results, and conclusion of the 26 articles, 172 words. The most recurring concept was “neuroscience,”
followed by ‘brain’ and “learning.” Terms related to practical application, such as “neuroeducation” and
“physical exercise,” also appear frequently, as do concepts linked to specific methodologies (game-
based learning and cooperative learning). This pattern is considered to reflect both a central interest in
the neurobiological foundations of learning and a concern for translating that knowledge into innovative
pedagogical proposals.

Table 3. Recurring concepts in the articles.

Recurring concept fi % Recurring concept fi %
Neuroscience 30 1744 | Brain 15 872
Learning 13 756 | Neuroeducation 1 6.40
Physical Exercise 8 465 |Teaching-Learning Process 7 407
Neuromyth 7 4.07 | Education 6 349
Memory 6 3.49 | Cognitive Functions 6 349
Game-Based Learning 6 3.49 | Motivation 5 2.91
Neurodidactics 5 2.91 | Neuroscience and Education 4 2.33
Cooperative Learning 4 2.33 | Brain Plasticity 4 2.33
VAK Learning Styles 4 2.33 | Educational Neuroscience 3 1.74
Cognitive Processes 3 1.74 | Neuroscience and ICT 3 1.74
Attention 3 1.74 | Innovative Methodology 3 1.74
Literacy in Neuroscience 2 116 Executive Functions 2 116
Neuropedagogy 2 116 | Cognitive Science 2 116
Intellectual Giftedness 2 116 | Mind, Brain and Education (MBE) 2 116
Knowledge about the Brain 2 116 | Spatial Learning 2 116

Note. Based on 26 articles and the total number of Keywords: recorded (n = 172).

The first four recurring concepts show that the path toward a relationship between pedagogy and neuro-
science has already begun, but there is still progressed to be made in naturalized and sustained interdisci-
plinary practice throughout teacher training.

3.4 Contributions to teacher training

Studies indicate that neuromyths are a real threat to critical and reflective reading in education and that,
for this reason, it is crucial to base decision-making on evidence-based scientific knowledge. In fact, the
selection and incorporation of scientific sources in teacher training is essential for training and educating
practicing teachers (Ferreira & Rodriguez, 2022; Ruiz-Martin et al., 2022). Thus, the urgent and mandatory
incorporation of neuroeducation is advocated, as it is estimated that the problem of neuromyths also leads
to the diversion of valuable resources that limit training (Kim & Sankey, 2017).

Similarly, it is noted that the identification and prevalence of neuromyths among future teachers provides
sufficient information to guide the design of strategies to eradicate these misconceptions and prevent new
ones from emerging. On the other hand, the identification of predictive variables associated with adherence
to neuromyths facilitates the development of intervention programs focused on the aspects that most influ-
ence the spread of incorrect beliefs (Casillas-Martin, & Cabezas-Gonzalez, 2024).

From a training model based on cognitive and communicative skills, it is possible to develop more ef-
fective teaching strategies, adapt learning to individual needs, and promote cognitive skills and emotional
well-being (Oyarzun et al., 2023). In this sense, teachers must understand how the brain’s learning processes
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involved in reading or mathematics work and how reinforcement, repetition, and memory are enhanced, or
know what role emotion plays in learning mathematics (Procopio et al., 2024).

Teaching for learning requires a methodology that allows students to familiarize themselves with it in an
enjoyable way, bringing into play complex and diverse content and mental processes. The type of work that
teachers generate among their students becomes relevant due to the need for cooperation and play, actions
that are highlighted in the principles of neuroscience (Procopio et al., 2022).

Among the most significant contributions recognized in secondary education are the need for neuro-
scientific literacy to avoid the reproduction of neuromyths, the understanding of processes such as brain
plasticity, executive functions, and the role of emotions in learning (Rato et al., 2022; Barrios-Tao, 2016).
Interdisciplinary approaches linking neuroscience, pedagogy, and cognitive psychology are proposed, as
well as the incorporation of active methodologies, educational technology, and reflective strategies that allow
teachers to design evidence-informed practices (Khramova et al., 2023; Pradeep et al., 2024). It is believed
that these contributions, in addition to enriching the understanding of learning, promote a more critical, eth-
ical, and contextualized professionalization of teaching.

3.5 Relationship between Neuroscience, Pedagogy, and Education

The articles highlight the need to build bridges between disciplines, especially those works that address neuro-
myths, both to gather information on their prevalence and to conduct an initial assessment of a teaching interven-
tion and then measure the changes produced. In this sense, neuromyths offer multiple opportunities to initiate
literacy and change misconceptions about how the brain works, which is why it is recommended that they be
included ininitial training programs (Ching et al., 2020; Garcia-Martinez et al., 2024; Mamani et al., 2022; Gonzalez
Flores et al., 2024; Painemil et al., 2021; Schmitt et al., 2023; Maureira et al., 2021; Casillas-Martin & Cabezas-
Gonzalez, 2024; Nobrega et al., 2024). It should be noted that interventions based on refuting neuromyths may
be successful in discrediting them, but their effect could be short-lived and, in some cases, could lead to the rein-
forcement of beliefs, unless their study is repeated throughout the training (Ferreira & Rodriguez, 2022).

In educational interventions that link neuroscience and pedagogy, the study of the brain is intertwined with
specific pedagogical models and approaches, which are presented in Table 4.

Table 4. Pedagogical Models and Approaches.

Reference
(Procopio et al., 2022)

Model/Approach
Cooperative learning

Description

Communication is based on trust and mutual support,
where members understand that everyone will succeed
thanks to the synergistic nature of the task. It develops
communication, listening, decision-making and leadership
skills.

Game-based learning
(GBL)

It stimulates the imagination, which contributes to a greater
understanding of reality and offers students a collaborative,
challenging and enriching environment.

(Procopio et al., 2024).

Science of Learning (Sol)
course

It addresses literacy in neuroscience and neuromyths
among Chilean teachers.

(Ferreira y Rodriguez,
2022)

Strengthening executive
functions

The EFs include planning, working memory, cognitive
flexibility, self-regulation, inhibition and decision-making.

(Ballesta-Claver, 2024);
Garcia-Martinez et al.
(2024), Oyarzun et al.
(2022)

Inquiry-based learning
(IBL)

A constructivist teaching method that encourages learning
based on experience, questioning and the search for
solutions.

Ballesta-Claver (2024)

Multisensory learning

To learn to read and write, it is necessary to reinforce, repeat
and update concepts through memory, using all the senses,
especially in inclusive contexts.

Peregrina et al. (2023)

Integration of information
and communication
technologies

ICT for teacher professionalisation for online teaching;
the role of emerging technologies in integrating
neurotechnology into education.

Fernandez Garcia
Valdecasas et al. (2022;
Pradeep et al. (2024);
Khramova et al. (2023)

Source: Own elaboration.

Analysis of the approaches and methods described in the articles allows us to conclude that most of them
refer to active participatory methodologies, confirming pedagogical knowledge, already based on neurosci-
entific evidence, that it is possible to learn more and better when there is greater emotional, physical, and
sensory involvement.

Executive functions are relevant in educational interventions. They include inhibitory control, which is the
ability to focus attention and avoid distractions; working memory, which is key to retaining and actively manip-
ulating information; and cognitive flexibility, understood as the ability to adapt, reorganize ideas, and modify
strategies (Oyarzun et al., 2022; Garcia-Martinez et al., 2024; Ballesta-Claver, 2024). Procopio et al. (2022)
argue that it is essential for teachers to understand the neurobiological basis of learning, how the brain works,
and how this relates to learning.
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3.6 Educational impact

The literature analyzed agrees that training in neuroscience is key to future teaching performance, as this
knowledge considers what and how we learn. Cognitive skills self-regulate learning and allow us to face chal-
lenges with flexibility. The development of executive functions facilitates learning from mistakes and gener-
ating alternative strategies (Garcia-Martinez et al., 2024).

Procopio et al. (2024) argue that game-based methodology promotes creativity, increased self-esteem,
and group recognition among trainee teachers, encouraging the expansion of knowledge and interest in
learning. With regard to the procedure to be followed for learning neuroscience, it is proposed to combine
prolonged experiences with refutation activities such as conferences, workshops, and seminars to confront
neuromyths with scientific evidence (Ferreira & Rodriguez, 2022). In addition, it is suggested that regular
measurements be taken during interventions and that neuroeducational activities be promoted in courses
aimed at future teachers to ensure the gradual systematization of knowledge (Schmitt et al., 2023).

Learning is achieved through the interaction of multiple variables. Barrios-Tao (2016) advocates consid-
ering sociocultural and environmental factors, such as diet, sleep, physical exercise, emotional and social
well-being, in conjunction with knowledge of the brain: plasticity, brain maturity, and mirror neurons. Hence
the importance of multidirectional collaboration between education, environment, and neuroscience.

As an interdisciplinary field, neuroscience warns against simplistic interpretations (Barrios-Tao, 2016). It is
considered essential to include topics such as brain laterality, neuroplasticity, neurodiversity, and neural dynam-
ics in learning. The integration of emerging technologies in education improves motivation, performance, and
commitment to learning. Its use with trainee teachers led to greater learning of mathematical concepts chosen
for the creation of games, as well as the integration of new knowledge of neuroeducation, which allowed them
to expand their knowledge beyond the subjects taught at university. This highlights the need to improve cur-
riculum design in teacher training by integrating up-to-date neuroscientific knowledge (Procopio et al., 2024).

Although many studies have methodological limitations, there is agreement that solid training in neu-
roscience can modify pedagogical approaches based on neuromyths (Rato et al., 2022; Uribe Gil & Conde
Guzodn, 2021). The structured incorporation of this content improves understanding of key concepts such as
plasticity, executive functions, and emotions (Peregrina et al., 2021; Barrios-Tao, 2016), and high perceived
usefulness (Pradeep et al., 2024; Khramova, 2023). Challenges remain, such as curriculum fragmentation, a
shortage of trained teachers, the risk of reductionism, and the weak connection between research and prac-
tice (Calzadilla-Pérez, 2023; Schmied & Jamaludin, 2023).

4. Discussion and Conclusions

The purpose of the systematic review was to identify core, up-to-date knowledge in neuroscience with ped-
agogical relevance and to describe curricular and teaching programs that integrate neuroscience and ped-
agogy in initial teacher training in research conducted between 2015 and 2025. The 26 articles highlight the
value of neuroscientific evidence for teaching practices and the need to educate in order to overcome neu-
romyths. Although applied research is not predominant, the publication of these experiences shows a trend
toward the interrelation between pedagogy and neuroscience. Secondary review studies show the scarce
presence of training in neuroscience, focused on executive functions, emotions, and brain plasticity. At the
same time, they emphasize critical training based on two-way collaboration between education and neuro-
science, thereby ensuring contextualized, evidence-based teaching (Uribe Gil & Conde Guzoén, 2021; Rato et
al., 2022; Calzadilla-Pérez, 2023; Pradeep et al., 2024).

The knowledge identified in these studies shows the balance between concepts specific to neuroscience
and pedagogy, which demonstrates the progress of this virtuous articulation, representing a benefit for the
initial and continuing training of teachers. The following refer to cognitive factors and functions that influence
learning: physical exercise, teaching-learning process, memory, neuromyths, teacher training, and learning.

For the design of educational proposals in initial teacher training based on neuroscience, it is essential
to consider experiences that include participatory research processes by students, ongoing reading of up-
to-date literature, and the incorporation of active methodologies such as cooperative learning, game-based
learning, inquiry-based learning, and multisensory learning, among others (Procopio et al., 2022; Procopio et
al., 2024; Ferreira and Rodriguez, 2022; Ballesta-Claver, 2024; Garcia-Martinez et al., 2024; Oyarzun et al.,
2022; Peregrina et al., 2023; Fernandez Garcia Valdecasas et al. 2022; Pradeep et al., 2024; and Khramova
et al., 2023). Along with this, it is essential that training in neuroscience applied to education be carried out
systematically and gradually throughout the training program.

The main limitations reported in the primary studies refer to thematic areas such as restrictions in specific
areas, correction of methodological errors across contexts, small samples, and, in evaluation, the lack of meas-
urement and transfer to the school setting, and therefore low ecological validity. Future research needs to adopt
rigorous applied designs that take into account neuroscience and pedagogy, evaluating their impact on teaching
performance and school learning in order to provide scientific evidence that enriches teaching practice.
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