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Abstract

Advances in neuroscience have improved the understanding of cognitive, emotional, and
social processes involved in learning. Simultaneously, technologies such as artificial in-
telligence, augmented reality, and gamification are transforming educational practices.
However, their integration into formal education remains limited and often misapplied.
This study aims to evaluate the impact of technology-supported neuroeducational models
on student learning and well-being. A systematic review was conducted using PubMed,
the Web of Science, ScienceDirect, and LILACS, including open-access studies published
between 2020 and 2025. Selection and methodological assessment followed PRISMA 2020
guidelines. Out of 386 identified articles, 22 met the inclusion criteria. Most studies showed
that neuroeducational interventions incorporating interactive and adaptive technologies en-
hanced academic performance, intrinsic motivation, emotional self-regulation, and psycho-
logical well-being in various educational contexts. Technology-supported neuroeducational
models are effective in fostering both cognitive and emotional development. The findings
support integrating neuroscience and educational technology into teaching practices and
teacher training, promoting personalized, inclusive, and evidence-based education.

Keywords: neuroeducation; educational technology; meaningful learning; emotional
regulation; pedagogical innovation

1. Introduction

Learning is a complex and dynamic process involving the interaction of multiple
cognitive, emotional, social, and technological factors. Over the past decades, advances in
neuroscience have enabled a deeper understanding of the brain mechanisms underlying
knowledge acquisition, offering new opportunities to optimize teaching and learning [1].
In this context, neuroeducation has emerged as an interdisciplinary field that integrates
neuroscience, cognitive psychology, pedagogy, and, increasingly, emerging technologies,
with the aim of developing teaching strategies grounded in empirical evidence about brain
functioning [2].

One of the core principles of neuroeducation is brain plasticity, which refers to the
brain’s ability to reorganize itself structurally and functionally in response to experience
and learning [3]. Studies in cognitive neuroscience have shown that exposure to enriched
learning environments facilitates synaptic consolidation and improves knowledge reten-
tion [4]. Advanced technologies such as functional magnetic resonance imaging (fMRI)
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and functional near-infrared spectroscopy (fNIRS) have made it possible to map neural
networks involved in information processing, leading to teaching methods better aligned
with brain functioning [5].

At the same time, technological tools such as artificial intelligence (AI), augmented
reality (AR), large language models (LLMs), and virtual learning environments are in-
creasingly being integrated into education. These tools not only enrich the pedagogical
environment but also allow for personalized learning, real-time feedback, and active stu-
dent engagement [6,7]. For instance, using LLMs in clinical simulations has been shown to
enhance decision making in medical students by triggering deeper and more structured
reasoning processes [8]. Similarly, incorporating AR and 3D models in anatomy instruction
has significantly increased student motivation and academic performance [9].

Despite these advances, the systematic application of neuroeducation in formal set-
tings faces several challenges. Teacher training in neuroscientific principles and critical
use of emerging technologies remains limited, which hinders their effective integration
into pedagogical practice [10]. Furthermore, the persistence of neuromyths has gener-
ated confusion and unrealistic expectations about the applicability of neuroscience in
education [11]. Overcoming these barriers requires coordinated efforts among researchers,
educators, and policymakers, as well as the development of ethical and scientific standards
for the use of brain-based technologies [12]. Various studies have compared the effective-
ness of neuroeducational models versus traditional methods, concluding that approaches
such as multisensory learning, flipped classrooms, simulations with immediate feedback,
and gamification enhance conceptual understanding, intrinsic motivation, and metacogni-
tive skills [13-15]. However, the impact of these methodologies may vary depending on
students’ cognitive development level, sociocultural context, and the quality of teaching
implementation [16].

Therefore, this systematic review aims not only to analyze the application of neuroedu-
cational models in teaching but also to explore how emerging technologies can amplify their
benefits, offering deeper insights into their impact on learning, motivation, and students’
emotional well-being. The objective of this review is to provide a solid foundation for the in-
formed and critical implementation of technology-supported neuroeducational approaches,
offering relevant evidence for teaching practice and the development of educational policies
grounded in brain knowledge. Through the analysis of recent studies, this review seeks
to contribute to the design of pedagogical strategies backed by neuroscientific evidence
and serve as a key reference for researchers, educators, and policymakers interested in
transforming education through new technologies and brain-based knowledge.

In this work, we use the term neuroeducational models in a broad sense to refer to
educational approaches that incorporate principles, findings, or contributions from neuro-
science with the aim of enriching teaching and learning. We do not intend to imply that all
cases represent formal, structured, and validated models, but instead wish to highlight the
application of neuroscience-based foundations in various educational contexts.

2. Materials and Methods

This study conducted a systematic review of the scientific literature with the aim of
analyzing the implementation and effectiveness of neuroeducational models in formal
educational settings. It corresponds to a pilot systematic review that served as a preliminary
situational diagnosis. Therefore, only open-access articles published between 2020 and
2025 were included to ensure free and immediate availability of data. This limitation is
acknowledged in the discussion, and future studies will expand the search to include
closed-access articles and the gray literature.
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A registration request for this review has been submitted to PROSPERO (International
Prospective Register of Systematic Reviews), with ID 1048004.

The methodology followed the PRISMA 2020 guidelines [15], ensuring transparency
and rigor in the selection and analysis of included studies. The PICO framework was used
to define the core elements of the review:

- P (Participants): students and teachers in formal education (primary, secondary, higher
education, and teacher training);

- I(Intervention): implementation of neuroeducational models in teaching;

- C(Comparison): traditional teaching methods vs. neuroeducation-based approaches
in different educational populations;

- O (Outcomes): impact on learning, conceptual understanding, academic performance,
and teacher training and perception.

A final research question guided this review: What is the impact of neuroeducational mod-
els on teaching and learning compared to traditional methods in formal educational settings?

2.1. Study Selection Criteria

The systematic search was conducted between January and April 2025 using the
databases PubMed, the Web of Science (WoS), LILACS, and ScienceDirect. The review
focused on the scientific literature published in the last five years (2020-2025), prioritizing
open-access publications. Empirical studies addressing the application of neuroeducational
models in education and their impact on learning were included.

2.2. Search Strategy

A standardized search strategy was used across all databases, combining Boolean
operators and relevant keywords.

2.2.1. PubMed

Here, the keywords were as follows: neuroeducation[All Fields] AND (brain-
based[All Fields] AND (“learning”[MeSH Terms] OR “learning”[All Fields])) AND ((“teach-
ing”[MeSH Terms] OR “teaching”[All Fields] OR (“teaching”[All Fields] AND “meth-
ods”[All Fields]) OR “teaching methods”[All Fields]) AND (“methods”[MeSH Terms] OR
“methods”[All Fields] OR “intervention”[All Fields]) AND (“education”[Subheading] OR
“education”[All Fields] OR “educational status”[MeSH Terms] OR (“educational”[All
Fields] AND “status”[All Fields]) OR “educational status”[All Fields] OR “educa-
tion”[MeSH Terms])) AND (“2020/04/26”[PubDate]: “2025/04 /24" [PubDate]).

2.2.2. Web of Science

The keywords were as follows: neuroeducation AND brain-based learning OR teach-
ing methods and intervention and education (Topic) AND 2021-2025 (Publication Years)
AND All Open Access AND Clinical Trial.

2.2.3. LILACS

The following keywords were used: neuroeducation OR brain-based learning
AND teaching methods AND intervention AND education AND db:(“LILACS”) AND
type_of_study:(“clinical_trials”) AND (year_cluster:[2020 TO 2025]) AND instance:"lilacsplus”.

2.2.4. ScienceDirect

We used the following keywords: neuroeducation AND brain-based learning AND
teaching methods AND intervention AND education (with filters applied for publication
years 2020-2025, full open access).
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2.3. Inclusion and Exclusion Criteria

To ensure reliability in study selection, two independent reviewers assessed each
study’s relevance according to inclusion and exclusion criteria (See Table 1). In case of
disagreement, a third reviewer resolved the conflict. The selection process and reasons
for exclusion are illustrated in the PRISMA flowchart (Figure 1), ensuring methodological
rigor in accordance with PRISMA standards [15].

Table 1. Inclusion and exclusion criteria.

Inclusion Criteria Exclusion Criteria
Studies published between 2020 and 2025. Studies published prior to 2020.
Open-access or freely accessible full-text studies. Articles without full-text access.

Research focused solely on clinical contexts without

Experimental studies, case studies, or meta-analyses. ) L
educational application.

Focus on neuroeducational models applied in formal
educational settings (schools, universities, and
teacher training).

Studies discussing neuromyths unrelated to
applied neuroeducation.

Methodologies including neuroscientific measures (e.g.,
neuroimaging and cognitive assessments) or practical
applications of neuroscience-based models in education.
Studies written in English, Spanish, or Portuguese Studies published in other languages due to linguistic
(languages in which the review team is proficient). limitations of the review team.

Studies lacking empirical evidence on neuroeducational
model implementation.

Source: own elaboration.

[ Identification of studies via databases and registers }
'
Records identified from: Records removed before screening:
5 Databases (n = 386) Duplicate records removed
T Web of Science (n=311) (n=31)
o . e
E LILACS (n=17) > Records marked as ineligible
S PubMed (n =25) by automation tools (n = 0)
2 ScienceDirect (n = 33) Records removed for other
reasons (n=198)
—
\ 4
'
Records screened N Records excluded
(n=157) (n=0)
\ 4
R t ht f trieval i
> eports soug_ Or retrieva N Reports not retrieved
e (n=157) (n=0)
=
7}
5
» A
Reports assessed for eligibility Reports excluded:
—
(n=157)
Intervention design not
aligned (n=102)
Does not specifically address
neuroeducational models (n =
— 30)
— A4 Review without experimental
3 data (n=3)
= Studies included in review
E (n=22)
—

Figure 1. Flow diagram of the systematic review process according to the PRISMA protocol statements.
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Study selection was carried out by two independent reviewers through consensus.
Although no « concordance coefficient was calculated, all discrepancies were resolved
through discussion. Given the heterogeneity of the included studies and the exploratory
nature of this pilot review, no meta-analysis or heterogeneity estimation was conducted.

2.4. Data Extraction

The data extraction process was carried out through extensive trials and post-search
procedures. It began with a meticulous review of each article’s title, abstract, methodology,
results, and conclusions. The data were extracted as presented in their respective studies at
the time of the review and are found into Table 2.

In this systematic review, the selection and extraction of variables were based on the
PICO framework, which considers participants, interventions, comparisons, and outcomes.
This strategy allowed for the establishment of clear inclusion criteria and, from them, the
qualitative analysis of the selected studies.

In addition to the main variables, other relevant characteristics were included, such
as the authors, year of publication, country of origin, study design, research objectives,
participant details, measured variables, and the scales used.

Table 2. Quality assessment components and EPHPP instrument ratings.

Study

Comparisons and Measured Variables and

Author (Year) Country Design gl::;:cetll?i‘;?i s Study Objectives Participants Scales Intervention Results
X Structured questionnaire fl"t"’QEk i
sctzr;ep:t‘:i?gr:ztc‘gzz?s developed by the research zrll seervsseignl??veek);
affected and not affected tefar;: to assess knowledge included Improved ]
. of the nervous system > i
Quast. l_:)y - hySt?rla; 4-WEEk To evaluate the and stress. Cont};nt :ﬁl;ctz?onal :::easl;e rllaeus'cS r?o
Dhungel et al. Nepal ;);E_etl;:_ental 1r(1iterV$I1 t1011'1&’1;1c11t.1dmg timpatc_t of i'lteurlo e L\tluzdifl%s(female validated by a panel of anatomical significant
(2023) [16] pe post-test gnlaltcgnll(i)?aal moeciﬁelesr: and orl\maav;srréie:soosf grades frllo) neurﬁs?ience andt X Icrllsscézlssé)?lnt%e chejjnge‘ in di ¢
design classes on neurology and mass hysteria Psychology EXperts; no nervous system understanding o
stress; data collected pre- formal psychometric 4 the nervous
o . testing (e.g., reliability or and stress; data system.
and post-intervention . s collected pre- and
using questionnaires statistical validity) was post-
conducted. intervention.
Two ad hoc content
questionnaires developed .
by the research team were ﬁi:;‘? :gtui S?‘tigﬂ?\l
used, along with a a constructivist
Intervention applied to a validated Likert-type approach,
single group without a neuroeducational scale focused on active A sienificant
control group; the same To evaluate the (Cronbach’s « = 0.968; learning and the 1gnitl .
Pre- ielpents b impact of N=77 KMO = 0.934) measuring £ & d effect on learning
: participants were = i =0 use of neuroedu-
Ballesta Claver Spain e);g-etrelgf nial assessed before and after neuroeducation (prospective dimensions related to cational resources fofiobserved,
etal. (2024) [17] P gostftest the implementation of a in higher primary school learning, attention, (technology, 3\771% ian‘lfe‘;esreaﬁe
design neuroeducational education teachers) emotions, and the visual aids, acquired
intervention in a teaching development of executive debates, etc.). knowledee
university teacher functions. The scale was Duration: g
training setting specifically designed for 6 weeks. Data
this study and does not collected before
have a commercial or grltd aftel;‘the
previously intervention.
published version.
Performance evaluations
in cardiovascular
d1ag110§15, focusing on Scenario-based
measuring the accuracy simulation
of cgagfl‘osez made bg’ teaching using
medical students an Al Experimental . .
T Luate th assessing their ability to group:p S;rr;\‘:fllacggﬁ
Comparison between ir?\ e;?tl(l)? ¢ the N = 66 medical apply knowledge in Al-supported in% roved Y
scenario-based simulation sin}:ula tion-based students: practical scenarios; simulation in @ p "
Zheng et al. China Experimental teaching (experl_ﬂ}ental teaching on control group specifically, post-tests, cardiovascular ‘e?fg;?; al; w
(2024) [18] group) and traditional learnine about (N =32); Mini-CEX, clinical critical ~ diagnostics. pe nce,
cardiology instruction car diovgﬁ scular experimental thinking scale, Control group: mg?egsle%ﬁ’
(control group) diseases group (N = 34) satisfaction surveys traditional diagnostic
(experimental group), and  instruction (no acc%racy,
semi-structured simulation).
interviews. Rubrics are Intervention
not specified, but duration:
5 weeks.

standardized and
qualitative mixed
instruments were used.
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Table 2. Cont.
Comparisons and .
Author (Year) Country ]S)luc]y Intervention Study Objectives Participants Ig/Ie?sm'ed Variables and Intervention Results
esign Characteristics cales
Questionnaires (pre- and
post-class, 20 questions,
maximum score: 100);
final exam (theoretical i
and practical, maximum Experimental
score: 100). group: blended
Course satisfaction: learning
5-domain questionnaire. combining a
Course effectiveness: small private The
assessment of online course implementation
6 competency and (SPOC) with a of the blended
skill areas. flipped classroom ~ learning model
Knowledge assessment: approach, (SPOC + flipped
objective questionnaires designed to classroom)
To evatlu?f&l the before each class (20 improve significantly
. impact of the . questions), theoretical workplace improved
ComparTson between a “small private N = 103 first-year and practical tests after comp};tencieS residents’
small private 01’1111’1_9 online course + residents: each session, and a final among nuclear workplace
Wang et al. . . course (SPOC) + flipped flipped experimental exam (50% theoretical / P competencies,
China Experimental . . 9. © medicine >
(2024) [19] classroom (experimental classroom’ group (N = 52); 50% practical) on residents. with a 22%
group) and traditional model on control group equipment handling. Participants increase in
teaching (control group) professmnql . (N=51) Performance was accessed online performance
competenc1e§ n assessed using content before scores. Results
nuclear medicine standardized faculty attending also showed
criteria. in-person higher overall
Satisfaction and sessions to apply satisfaction and
perceived course their knowledge. perceived
effectiveness were Control group: educational
measured in areas such as traditional effectiveness
professional skills, patient lecture-based among residents.
care, communication, instruction.
teamwork, teaching, and Intervention
learning. duration:
Questionnaire validation 10 weeks.
is not reported, though
detailed content tables
(S3 and S4) are
referenced.
All three groups
received six
training sessions
over a period of
12 weeks
(two sessions
per week).
TMTD group
(Teaching
Method Through
Teamwork):
Intervention
based on
teamwork,
including group
dynamics, Team-based
interactive teaching
d‘?lcfs‘o?st and improved patient
collaborative 3
N_;ALS platt"lelms Rigby et al.’s validated problem-solving, zelll;efsf:;;clz ck;};t
with multiple 3 i i - o
Comparison between To evaluate the sclerosis P ;s[:lf-Efﬁcacy Scale. ' allg(;‘e‘i :‘Vlth Feu improvements
team-based teachin i f f easured variables: roecucafiona were observed
Randomized 8 impact o randomly self-efficacy related to models that
Dehghani et al. I ant Oﬁuée lecture-based teaching, team-based assigned to three daily acti yt " promote social across all
(2024) [20] ran T and a control group in teaching on groups: TMTD ally activities, motor llaborati d self-efficacy
trial (RCT) ! ! E atients’ skills, participation in collaboration an dimensions in the
patients with multiple p N (n = 16), health-related decision activate brain intervention
sclerosis self-efficacy lecture-based ki d areas associated roups, includin
(n=16), and making, an with memory groups, g

control (n = 16)

emotional regulation.

and decision
making.
Lecture-based
group:
Traditional
lectures focused
on individual,
passive learning,
with no
significant
interaction
between
participants.
Control group:
Received no
educational
intervention.
Intervention
duration:

12 weeks.

health decision
making, motor
skills, and
emotional
regulation.
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Table 2. Cont.

Author (Year)

Country

Study
Design

Comparisons and
Intervention

Study Objectives
Characteristics

Participants

Measured Variables and

Intervention
Scales

Results

Syvéoja et al.
(2024) [21]

Finland

Randomized
controlled
trial (RCT)

Comparison between
physically active math
instruction (experimental
group) and traditional
teaching methods
(control group)

To evaluate the
impact of
physical activity
during math
instruction

Students with
signed parental
consent (N =397,
mean age:

9.3 years):
experimental
group: n = 265;
control group:
n=132 group

Curriculum-Based
Mathematics Test: To
assess mathematical
performance, an adapted
test battery was used,
including tasks on
multiplication, division,
geometry, time, column
methods, and
problem-solving. Results
were measured by the
total number of correct
answers.

Self-Reported
Questionnaire on
Affective Factors Related
to Mathematics: To
measure enjoyment and
self-perception, a
modified version of the
Fennema-Sherman
Mathematics Attitude
Scale was used, adapted
for Finnish third-grade
students, employing a
5-point Likert scale. The
Modified Abbreviated
Math Anxiety Scale
(mAMAS) was used to
assess math anxiety in
both learning and testing
situations.

Motor Skills Assessment:
To measure baseline
motor skills, validated
batteries such as the
Korperkoordinationstest
fiir Kinder (KTK), the
Movement Assessment
Battery for Children,
Second Edition
(MABC-2), and the
Eurofit protocol were
used.

Experimental
group: physically
active math
lessons based on
neuroeduca-
tional models.
Control group:
traditional
Educational Support teachmg W1Fh_0ut
Needs Questionnaire: thsmal activity.
Teachers completed a dnter:(enflon
questionnaire to assess 1 Zuwl;seleol?s'
students’ need for .
educational support

(intensified or special),

which was included as a

confounding covariate.

Physical Activity (PA)

Monitoring: An

accelerometer was used

to measure the amount

and intensity of physical

activity during math

lessons in a subsample of

172 children.

Data Imputation and

Statistical Analysis:

Linear mixed-effects

models (LMEs), adjusted

for gender, educational

support needs, and

arithmetic fluency, were

used for data analysis.

Multiple imputation (MI)

models were also applied

to manage missing data.

All instruments used

were validated and

widely applied in

previous educational

research. No

self-developed

instruments were

reported, as the scales

and tests used were

adaptations or

established tools.

The active
teaching group
showed a
significant
improvement in
math
performance
(+14%) and
motivation
(+0.8 on the
Likert scale). No
improvements
were observed in
the control
group.
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Table 2. Cont.
Stud Comparisons and Measured Variables and
Author (Year) Country Desiyn Intervention Study Objectives Participants Scales Intervention Results
8 Characteristics
Mathematics
education
training program
with a focus on
probability over
Two main instruments thegou(se of one
were used to assess academic year.
pedagogical content The mt,edrvegflon
knowledge (PCK) in 1s considered neu-
s roeducational, as
probability: it actively
Mathgmatic_al Kno_wledge stimulates
Questionnaire: This cognition and
instrument assessed neural plasticity
conceptual mastery of through problem o
probability. While it was solvingg P Significant
To assess the desiened ifically f g improvement in
Evaluation of changes in impact of formal ef‘*‘-"f“ specticay or promotes edagogical
) ) pact this study, no detailed meaningful pedagog
Drollinger- Pre-test— pre-service teachers education on the N=512 information about its 1 Lng! content )
Vett % 1 Switzerland POSHtest pedagogical content development of (pre-service validation process was carning by knowledge, with
(2e0 2%1; ?2 za] . experimen- knowledge (PCK) in pedagogical primary school provided. linking new better )
tal study probability; single content teachers) X knowledge to performance in
k . Pedagogical Content S
experimental grou; nowledge in prior experience, probabilistic
P! group . Knowledge Scale (PCK i .
probability H fosters social problem-solving
Scale): This scale —— interaction that tasks.
measured teachers’ ability activates brain
to effectively teach regions
probabilistic concepts. Tt associated with
was adapted from motivation and
previously validated tools ~ cognitive
used in similar contexts, processing, and
though reliability or uses spaced
validity metrics for this repetm?n to
study were not specified. suppor
long-term
memory
consolidation.
Intervention
duration: one
academic year.
3 x 30-min
lessons per week
for 6 weeks,
delivered either
in a physically
active
environment
(playground) or
traditional Sienificant
classroom setting ; r;@;olsz-:lnent in
(classroom). proveme
Data were multlp}lcatlon
collected before scores in the
and after the playground
To evaluate the intervention. The group. No
Ie ison bet f effectiveness of o intervention significant
Randomized lfz)nJP:_rbO“ etween two physically active N = 172 primary Multiplication test leveraged the differences were
controlled gh P alll active math lessons for school students: (designed by the authors),  principle of found in general
Vetter et al. Australi trial (RCT); {) ysic YI ctive Q) learning experimental general mathematics test neuroplasticity, math
(2025) [23] ustratia pre-test— essons (playground); mathematics and group: n = 86; (standardized). Physical whereby physical performan.ce.
post-test tﬁadltlonalb 4 math increasing control group: activity was measured activity may Total physical
design classroom-based mat hysical activit n=286 i le foster brain activity and
lessons (classroom) phy: < y using accelerometers. rai y
among primary connectivity that moderate-to-
school students facilitates vigorous physical
learning. activity levels
Additionally, were significantly
integrating higher in the
movement with playground
academic content group.
(in this case,
mathematics) is
known to
enhance intrinsic
motivation and
attention, key
factors in the
neuroscience of
learning.
The experimental
group used
Theoretical test j:aglif?;n'fed
knowledge), practical .
iest (appl{scati(]:n), and applications and The exper{mental
Comparison between N =62 perception questionnaire digital 3D models ~ 8rOUP achieved
traditional teaching Tg: evaluate thef physiotherapy (satisfaction and to study higher scores in
Rodriguez- . (control group) and effectiveness o students: motivation). musculoskeletal both theoretical
. . Randomized . L . interactive : X - and practical
Lopez et al. Brazil T . teaching using interactive P control group: Variables measured: anatomy during
clinical trial " technologies in demi £ » tests, and
(2020) [24] technologies (augmented anatomy N =43; academic performance lessons, while the ol
reality and 3D models) - experimental and learning perception. control group reported greater
v education :N=1 satisfaction and
(experimental group) group: N =19 All assessments were followed act
developed by the authors;  traditional motivation
no formal statistical 1ecture—based toward learning.
validation was reported. instruction.
Intervention
duration:

8 weeks.
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Table 2. Cont.

Comparisons and

Author (Year) Country ]S)‘:scilgn Intervention Study Objectives Participants Ig/g?::red Variables and Intervention Results
Characteristics
The intervention
involved the use
of an interactive
mobile
application
specifically
developed to i
Questiondrio de improve The experimental
. N =68 nursing Conhecimento sobre the ti roup showed a
Comparlson between an students Comunicagao Terapéutica co?rr\?rﬁ’sziécation :%1 niIfJicant
experimental group using ~ To evaluate the domized): CCoT) and th p : S18] .
i i ffect of using a (randomized): (QCCoT) and the The app included improvement in
an educational mobile e g analyzed: N = 60 Therapeutic .. .
Coelho et al. . Randomized  app on therapeutic mobile app on yzed: peufic . clinical theoretical
Brazil i : PP P! Pp © (30 in the Communication Skills simulations, knowledge and
(2021) [25] clinical trial communication and a communication experimental Self-Assessment Scale eal
P ills i i p - practica self-assessed
control group receiving 51;‘115 innursing group and 30 in Measured variables: exercises, communication
trg\tri}‘ltlotr\tzﬂ instruction education the control theoretica! knowledge real-case analysis, skills compared
without the app group) and perceived immediate to the control
communication skills. feedback, and group.
self-assessment
modules. It was
used over a
6-week period as
a complement to
theoretical
instruction.
Control group:
participated in
simulated patient The feedback
To evaluate the interviews group showed
. impact of large N =21 without feedback.  significantly
Comparlson between language models participants who Clinical Reasoning Experimental reater .
experimental group: use (LLMs) on completed the Indicator—History- group: improvement in

. of large language models clinical decision study: Taking Inventory participated in scores compared
Briigge et al. USA Re_m_domi;ed (LLMs) during clinical making in contr(;l Foup: (CRI-HTI): assessed simulated to the control
(2024) [26] clinical trial  simulations and control medical students 77 partigparﬁé' clinical decision making history-taking group,

group; clinical using simulated feedback grou ’ based on simulated exercises with particularly in
simulations without LLM ~ patient ( e & " I)P history-taking Al-generated contextualization
assistance interviews and fOXPEf;Fn?“ af g interactions. performance and information
structured participants feedback. gathering during
feedback Intervention simulated clinical
duration: interviews.
3 months,
4 sessions.
Emotional
structured
physical
education
program: 45-min
sessions twice
per week for
20 weeks,
focused on
physical and
psychosocial
development.
The intervention
is considered neu-
roeducational as
X To evaluate the Well-being: assessed it targets Significant .
}Ijntfra-gmlép ﬁomp}vlarlson effect of using the Strengths and emotional and improvements in
. efore and after the _ . Difficulties Questionnaire physical emotional
uasi- : 8 structured N =162 primary ifficu 4 nal . .

o gxperimental implementation of a physical school students (SDQ). Physical activity well-being-two well-_belng a“d
Kliziene et al. Lithuania  pre-test- 20-week structured education on aged 10-12 years level: measured with the key factors in physical activity
(2021) [27] post-test physical education emotional (85 boys and Physical Activity optimizing levels were

. program conducted 1l-bei d 0y’ Questionnaire for Older learning from a observed, with
design % well-being an 77 girls) ! g er
during school hours for physical activity Children (PAQ-C), neuroscience positive effects
primary school children levels in children validated for pediatric perspective. noted in both
populations. Emotional boys and girls.
well-being and
physical activity

are fundamental
components in
brain stimulation
and
enhancement,
directly
impacting
students’
learning capacity.
Data were
collected pre- and
post-
intervention.
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Table 2. Cont.

Comparisons and

Author (Year) Country ]S)‘:scilyn Intervention Study Objectives Participants Ig/g?::red Variables and Intervention Results
8 Characteristics
Intervention
duration:
8 weeks.
Experimental
group:
participated in an
Executive function educational
assessment: A task rObOFICF program,
battery was used to consisting of two
To evaluate the evaluate planning, 42:‘;2:1(95510“5 The experimental
impact of N = 128 children inhibition, and working pActivitieé were roup showed
Comparison between: educational (ages 5-6): memory. . . designed to gi ni?icant
experimental group: robotics on the experimental Perception questionnaires: promote in% rovements in
Di Lieto et al. Randomized  educational robotics development of group Included scales lannin. 11p> euti
trial (RCT) executive functions; functions in robotics): N = 64; motivation and P a1 & especially in
control group: no typically control group (no enjoyment of the gn . ki P i y
intervention developing 5- to intervention): activities, completed by ‘E'clislor\-ma ng wo; Alr;gbrf;emory
6-year-old = children and parents. sxs ' and infubitory
hild . Control group: control.
children All instruments used engaged in
were validated and 8ag; 1
showed high reliability traditiona
(«>0.75). pedagogical
activities with no
robotics
component.
Data were
collected before
and after the
intervention.
Perceived Stress Scale
(PSS): standardized .
b o s
Anxiety Scale: Group IVFF: feedback group
To evaluate the questionnaire to assess formal (IVFF) showed
impact of R anxiety (e.g., Beck assessments significant
Comparison among friendly feedback N = 166 medical Anxi v I & replaced with reductions in
two intervention groups: d st students (85% of nxiety nventory). . frequent, friendly stress, anxiety,
Stress Management and stress those enrolled in Intrinsic and Extrinsic feedback. P
8 management on . Motivation Scale: cedback. and negative
Randomized  Intervention (IVSM) and P the course): otivation Scale: Group IVSM:
F 1 andomize t intrinsic G 1 (IVFF): " h as th affect, as well as
aure et(a : Germany controlled Friendly Feedback motivation and rousg ( ): questionnaire Such as the stress improvements in
(2024 [29] trial (RCT) Intervention (IVFF) stress reduction Igrzu ;2 (IVSM): /S\calderglll&[é\/l otivation management intginsic
vs. a control group (CG) during an N= 5% : sgiaf.e];(fﬁ cac ) ‘Scale: intervention. motivation,
during an anatomy anatomy control group: fy fidence i Lnter:(enfl(t)n positive affect,
dissection course dissection course N =56 mea{su%e_lqt_con_l e_i\cetm urg Lon: two and self-efficacy.
in medical one’s abilities, similar to academic Percoired
students the General Self-Efficacy semesters with erceives
Scale. measurements at academic
Positive and Negative nine time points. performance was
Affect Scale (e.g., not affected.
PANAS): used to assess
emotional states.
Experimental
group
(constructive
§imulat@on):
To compare ES“UC}?O(‘ tual The constructive
i rough virtua simulation grou
Comparison between a learning N =90 secondary Academic Performame environments outp erformg d thz
group using constructive ~ outcomes in school students: exams: written and oral and hands-on tional
Experimental, & . . Christian ' tests validated by activities. conventiona
P simulation (experimental 1S constructive N roup in
Mugo et al. Kenva random- roup) and a group using Religious simulation group: subject-matter experts. Control group 8| dp N
(2024) [30] 4 ized group group i lg thp ds i & Education using N =50; Intrinsic Motivation Scale  (conventional ac;‘d emic "
design CC‘E“.’GE‘ 10Eal_m_e ods In constructive conventional for Religious Learning: method): ?Ct levement,
ristian Keligious simulation versus method group: validated Likert-type content-centered m rthItC. d
Education (control group) conventional N =40 1 > 0.80 doctrinal classes. motivation, an
teaching methods scale (o> 0.80). Intervention unfigrstandmg of
duration: religious content.
8 weeks.
Pre- and
post-intervention
data collection.
Teaching Interactive
strategies: teaching
Experimental strategies
To analyze the group: significantly
impact of interactive increased
teaFc’hers' Academic Engagement teaching students’
Comparison of different teachin. Scale (Student strategies that learning
teaching strategies strafegi%s on N =300 Engagement Scale): prom(?te éctlve engagement
(interactive strategies, students’ secondary school measures students’ participationand ~ compared to
Zhang et al. China x:ggggid experimental group vs. learning Ziuii?rféntal participation and interest fl?(l)(tjii[:;ion ;rt ?Stlehoig:l
(2023) [31] model traditi(l)nal stmteg(iies}:l ) engag;n}ent, grgup: N = 150; }?\tifsgilg;% aézst\;:g:e;isc Qotivat gr(;up: Intri_n%iq 3
lcont-ro group) and their conj} e.rm% control group: Motivation Scale: assesses traditional motivation and
impact on students mediating factors N = 150 students’ levels of strategies with emotional
learning engagement such as motivation to learn, both more passive SUPH(’”
motivation and internal and external. teaching. mediated the
emotional relationship
support The study was between teachin;
y g

conducted over
the course of one
school semester.

strategies and
student
engagement.




Information 2025, 16, 664 11 of 19
Table 2. Cont.
Comparisons and .
Author (Year) Country ]S)lucilyn Intervention Study Objectives Participants Ig/Ie?sm'ed Variables and Intervention Results
es1g] Characteristics cales
PTEBL was
equally effective
Comparison between the Adh " . Four-hour STB in STB skills,
experimental group using _ Oc questionnaire course using significantly
PTEBL teaching Tooaate the i year with items on mastery of EBL improved
. (Problems, Teamwork, PTEBL . . STBtechniques, methodology vs. teamwork (94.8%
Zhao et al Randomized 3 Bvid Based on medical students: d traditional 81.6% q
o et al. China controlled and Evidence-Base hemostasis skills, PTEBL group emergency preparedness, raditiona vs. 81.6%), an
(2024) [32] trial Learning) and the control emergency (N = 77) and and teamwork. method. cqrr'elated w1th
group using traditional preparedness, traditional group Likert-type response scale ~ Pre-test-post-test  clinical reasoning;
teaching in the “Stop the and teamwork (N =76) (psychometric validation evaluation no significant
Bleed” (STB) not specified). through . differences were
training course questionnaires. found 11:1 overall
preparedness or
practical skills.
Intervention in
Instrument: SRL-QuTA the experimental
Questionnaire group consisted
. (Self-Regulated Learning of a multi-day o
To examine the Questionnaire for professional Slgr}l.ﬁcanf
. impact _Df a Teachers Agency). development positive effects
Quasi- professional N =54 lower Variables: program on competencies
experimental  Comparison between the development secondary school teachers’ 'self-efficacy in including as SRL promoters.
. study with experimental group (SRL program on teachers: i No significant
Hirt et al. . L - 4 theoretical
(2025) [33] Switzerland control training) and control teachers’ experimental knowledge about SRL, sessions, practical changes observed
a group group with no competencies in group N = 31; promotion of SRL exercises, as self-regulated
(pre-test— intervention SRL as promoters control group practices, and self-assessment, learners. Initial
post-test) and n=23 application of SRL in and reflection on competencies did
self-regulated teaching; strategies to not influence
learners 5-point L,ikert scales %mplement SRL development.
(1 = strongly disagree, gutll";eﬁi)lﬁ'ssroom4
5 = strongly agree). 5 sessions, each
lasting 5.5 to 6 h.
Clinical skills scale E i tal
adapltgd for emergency g;(g;;ﬂe;i‘namg The EPA group
medicine. Variables based on EPAs showed
Comparison between a included: clinical § Sfati§f§icallty
ining s ; - . imulations, and significan
) . training system basgd on To evaluate the N =210 medical clinical reasoning, ;g;);;ggz:n i,fprovemems in
Experimental  Entrustable Professional impact of an students (106 in decision making, iented clinical reasonin,
Wang et al. Chi (quasi- Activities (EPAs) EPA-based the experimental clinical jud men’t and oriente d decisi &
2024) [34 ina experimental (experimental group) and trainine system roup and 104 in ¢ ] g_ ent, ane assessments. and decision
( ) [34] P ) tr gi tional mgr np c% A gh P 1 integrated clinical skills. Control group: making, with a
study a di ona e }? sency Dl?r:tul f}?itskin ! re cor)1tro Evaluation was traditional higher level of
medicine teaching clinica 8 group, conducted using specific theoretical overall clinical
(control group) rubrics and structured teaching without competence
practical exams (OSCEs). the use of EPAs. compared to the
Psychometric validation Euratl&n: control group.
was not specified. months.
Low-performing
Simulation- students who
based teaching received
. N =250 first-year using interactive simulation-based
oditondt el gpoup ey medical students e, i
i group effec llvtgnesli ol 4 Some were Validated multiple-choice ~ Scenarios with significant
teaching (control group) simulation-base excluded for not knowledge test (MCQ) simulators vs. improvement in
. and simulation-based teaching in completing the . 8 traditional ki led.
Randomized : - i completing reviewed by experts; nowledge
Channegowda . teaching for first-year learr_ung intervention; ! g small-group d
- India controlled . £ 3 academic performance R compared to
etal. (2025) [35] trial (RCT medical students Trespiratory final sample: p teaching. th o
rial ( ) (experimental group), physiology =107: assgssed before and after Duration: 0S¢ receving
further differentiated by compared to control group: the intervention. 4 weeks. gi‘:iffﬁm%\fo
high and low academic traditional =52; Pre- and caching.
£ methods experimental post-intervention significant
performance group: N =55 data collection to differences were

assess learning
outcomes.

observed among
high-performing
students.
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Table 2. Cont.
Comparisons and .
Author (Year) Country ]S)l:scilyn Intersention Study Objectives Participants Ig/ii?::red Variables and Intervention Results
8 Characteristics
The experimental
group received
an intervention
that included
personalized .
study planning, The experimental
continuous group, which
reflection used the
throughout the Three-Actions
course, and Teaching Model
periodic with a learning
evaluations with plan guide,
feedback. showed
The Contro! significantly
group received higher academic
traditional performance
teaching without
these elements. compared to the
Subjective Evaluation The experimental control group.
| h System (SES): measures group achieved Students ir; tFe
. Comparison between an 1:2: ?‘;a }lf}t‘e\t ¢ 95 medical learning, emotions, higher exam experu:eé\ N
Quasi- i 1 Shect ot the engagement, and scores (mear o] group had a
experimental experimental group Three-Actions students: achievement (validated) 79.44 vs. 70.00) better overall
Chen et al. Chi re-test— (Three-Actions Model + Model on student experimental Biees’ Study P . -2 vs. /00U experience in
(2024) [36] ma p t-test learning plan guide) and satisfaction, group: N = 47; iggs’ Study Tocess The study is neu- £l .
posttes a control group academic control group: Questionnaire: measures roeducational terms of learning
design (traditional teaching) performance, and N = 48 deep and surface learning because it methods,
& engagement approaches. promotes emotions,
Course exams: objective self-regulation, engagement, and
knowledge tests. metacognition, performance.
and active This suggests that
student the students in
engagement, the experimental
stimulating group
executive experienced
functions such as improvements in
planning and learning
attentional strategies,
control. emotional
Additionally, it involvement,
integrates participation, and
emotional and academic
motivational achievement.

factors, which are
essential to
learning from a
brain-based
perspective.

Note: The detailed data in the comprehensive table aim to provide transparency regarding all included studies
despite its large format.

2.5. Presentation of Results: Adherence to the PRISMA Quality Initiative

The results of the primary studies, obtained through a systematic and reproducible
methodology, were presented both qualitatively and quantitatively (Figure 1).

2.6. Quality Assessment

When selecting articles for this review, a quality analysis was conducted using the
EPHPP tool [37]. This instrument provides an overall quality rating for each study based on
the assessment of six key components. Studies are rated as “strong” if they have no weak
components and at least four strong ones. Those with fewer than four strong components
and one weak component are considered “moderate.” Studies receiving two or more weak
component ratings are categorized as “weak” [37].

The results of this analysis are presented in Table 3. Among the various articles
analyzed, 4.5% received an overall strong rating [18], 86.4% a moderate rating [19-36], and
9.1% a weak rating [16,17].

Although the percentage of studies with a strong overall rating was the lowest (4.5%),
all evaluated articles presented solid internal components, especially regarding the use
of data collection instruments and risk of bias management. These internal strengths
are particularly relevant to the aims of this systematic review and were prioritized when
deciding on study inclusion. Despite the presence of moderate or weak components in some
areas, it was observed that studies with a moderate overall rating (43%) only presented
one weak component among the six assessed, as in the cases of Wang et al. (2024) [19],
Dehghani et al. (2024) [20], and Syvéoja et al. (2024) [21], among others. Meanwhile, studies
with a weak overall rating (52%), such as those by Dhungel et al. (2023) [16], Ballesta Claver
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etal. (2024) [17], and Zheng et al. (2024) [18], presented only two weak components. This
suggests that although they did not meet the criteria for “moderate,” they still maintained
certain methodological strengths that justified their inclusion in the analysis.

Table 3. Quality assessment components and EPHPP instrument ratings.

Articles

Overall Score

Dhungel et al. (2023) [16]

Ballesta Claver et al. (2024) [17]

Zheng et al. (2024) [18]
Wang et al. (2024) [19]
Dehghani et al. (2024) [20]
Syvéoja et al. (2024) [21]

Drollinger-Vetter et al. (2025) [22]

Vetter et al. (2025) [23]

Rodriguez-Lépez et al. (2020) [24]

Coelho et al. (2021) [25]
Briigge et al. (2024) [26]
Kliziene et al. (2021) [27]
Di Lieto et al. (2020) [28]
Faure et al. (2024) [29]
Mugo et al. (2024) [30]
Zhang et al. (2023) [31]
Zhao et al. (2024) [32]
Hirt et al. (2025) [33]
Wang et al. (2024) [34]
Channgowda et al. (2025) [35]
Chen et al. (2024) [36]

ST ELEEETZELEEEE LT |-
ITIIIIZIZITZIIZITZIIZIIZIIITITITIIL TSN
ST EREERZERErZELZELE | w
(il ol ol ol ol el ol anl el el ol onll ol el el el e -Gl M B '
asitasgasiasiasiasasiasiasiasiasiiasiiasiiasiiasiiasiiasiiasiiaviiasiasy 5
S LELELLELELE T I Z T |
SXEXEEEELELERERLERZELE T

Note: (1) H = high risk/low quality; M = moderate risk; L = low risk/high quality. (2) 1 = risk of bias; 2 = study
design; 3 = confounding factors; 4 = blinding; 5 = data collection; 6 = withdrawals and dropouts.

3. Results
3.1. Study Selection and Data Extraction Process

A systematic search was carried out in the Web of Science, PubMed, LILACS, and
ScienceDirect databases using controlled descriptors (DeCS and MeSH) and Boolean op-
erators. A total of 386 records were identified, distributed as follows: the Web of Science
(n =311), PubMed (n = 25), ScienceDirect (n = 33), and LILACS (n = 17).

Before screening, 31 duplicate records were removed, and 198 were excluded for
various reasons (such as failing to meet basic inclusion criteria or being unrelated to
educational research). No eliminations were recorded by automated tools. As a result,
157 studies advanced to the title and abstract screening phase. The full text of these
157 studies was reviewed. After applying inclusion and exclusion criteria, 135 studies
were eliminated for the following reasons: the intervention design did not align with the
review’s objectives (n = 102), they did not specifically address neuroeducational models
(n = 30), or they were review articles without experimental data (n = 3).

Finally, 22 studies met the established quality and relevance criteria. Study selection
was performed independently by two reviewers, and a third reviewer was consulted in
case of discrepancies. Relevant information was extracted using a PICO-based matrix,
which recorded methodological aspects, population characteristics, interventions, and key
findings of each study.

3.2. Study Characteristics: Summary of Results

Table 2 provides a comprehensive summary of the main characteristics of the studies
included in this systematic review. The extracted information includes authors, year of
publication, country of origin, study design, comparisons made, research objectives, partic-
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ipant demographics, measured variables, instruments used, implemented interventions,
and main results.

Of the 22 included studies, 14 (63.6%) were randomized clinical trials [18,20,21,23-30,32,35];
5 (22.7%) were quasi-experimental studies [16,19,27,33,36]; 2 (9%) were pre-experimental
studies [17,22]; and 1 (4.5%) was a longitudinal experimental study [31].

Regarding geographical origin, seven studies (31.8%) were conducted in
China [18,19,31,32,34,36]; three in Brazil [24,25]; two in Switzerland [22,33]; two in Aus-
tralia [22,23]; and one each in Spain [17], Finland [21], Nepal [16], Iran [20], the USA [26],
Italy [28], Germany [29], Kenya [30], and India [35].

Regarding study topics, seven studies (31.8%) explored the use of educational technolo-
gies such as augmented reality, artificial intelligence, or educational robotics [18,24-26,28,34];
six studies (27.3%) analyzed active teaching strategies like flipped classrooms, teamwork,
or problem-based learning [17,19,20,32,35,36]; five studies (22.7%) focused on the effects
of integrating physical activity into learning [16,21-23,27]; and four studies (18.2%) in-
vestigated the development of teaching competencies through neuroeducation training
programs [17,22,29,33].

Overall, the results consistently showed improvements in academic performance,
intrinsic motivation, conceptual understanding, and students’ cognitive skills following
the implementation of neuroeducational models.

For example, Ballesta-Claver et al. (2024) [17] reported a 27% increase in teaching
knowledge among future teachers after a university-level neuroeducation intervention;
Dehghani et al. (2024) [20] reported a 21% improvement in self-efficacy among multiple
sclerosis patients through teamwork-based instruction; and Syvéoja et al. (2024) [21]
observed significant gains in mathematics performance (+14%) and intrinsic motivation in
elementary school students through physically active math lessons.

Zheng et al. (2024) [18] showed that Al-driven scenario-based simulation improved
diagnostic accuracy by 15% in medical students; Briigge et al. (2024) [26] found that large
language models improved the quality of clinical decision making among future doctors.

From a neuroscientific perspective, the results confirmed that interventions stimulating
brain plasticity—through physical activity, social interaction, emotional regulation, and
multisensory experiences—enhanced knowledge consolidation and higher-order cognitive
skill development [1-3].

Several studies also reported common limitations, such as small sample
sizes [16,17,22,27,33,36]; lack of formal psychometric validation of instruments [16,17,22,36];
and the need for longitudinal studies to assess long-term effects [18,19,29-31].

3.3. Relationship Between Neuroeducational Interventions and Learning Outcomes

The implementation of neuroeducational models showed a positive impact on both
conceptual learning and students” emotional and motivational development. Strategies
such as active learning, multisensory instruction, teamwork, and the integration of ed-
ucational technology enhanced higher-order cognitive skills and optimized knowledge
acquisition [17,21]. In several studies, interventions involving physical activity integrated
into teaching—especially in mathematics—improved academic performance and signifi-
cantly increased students’ intrinsic motivation and self-efficacy [21,23]. These practices also
fostered emotional regulation and reduced academic anxiety, contributing to more positive
and stimulating learning environments [27].

Moreover, technologies like augmented reality, AI-powered clinical simulation, and
educational robotics improved conceptual understanding, critical thinking, and students’
practical skills by offering immediate feedback and dynamic learning settings [18,26,28].
Another important contribution of neuroeducational models was the improvement in
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self-regulated learning. Teacher training programs that promoted self-regulated learning
strategies strengthened key competencies such as strategic planning, learning monitoring,
and the emotional management of students [22,33].

Finally, these interventions also had positive effects on students” ability to manage
academic uncertainty and respond to challenges with resilience. Emotionally support-
ive strategies, the development of metacognition, and active engagement in the learning
process contributed to higher self-efficacy, reduced stress, and increased learning satis-
faction [29-31]. In summary, the analyzed studies suggest that neuroeducational models,
by integrating emotional, cognitive, and social factors, enhance not only academic perfor-
mance but also students” emotional well-being and motivation, establishing themselves as
highly effective and holistic educational strategies.

4. Discussion

The objective of this systematic review was to identify research studies that analyzed
the impact of neuroeducational models on teaching and learning in formal educational
settings, with special emphasis on the role of emerging technologies as facilitators of these
approaches. Today’s education system faces increasing complexity due to technological,
social, and cognitive changes that influence how students learn [2]. This review high-
lights multiple findings that underscore the essential contribution of neuroeducational
models to improving academic performance, developing higher-order cognitive skills, and
enhancing students’ intrinsic motivation. By integrating knowledge from neuroscience,
psychology, pedagogy, and educational technology, neuroeducational models enable the
design of more personalized, multisensory, and adaptive interventions that promote deep
learning, emotional regulation, and active participation [1,4]. In this regard, active learning,
multisensory teaching, interactive simulations, and gamified learning environments have
shown a significant impact on improving academic performance [17,18].

One key contribution of these models is their effect on emotional regulation and the
management of academic anxiety, especially among primary and secondary students [21,27].
Evidence shows that combining physical activity with cognitive tasks not only improves
math performance but also enhances emotional well-being and student self-efficacy.

Importantly, this review demonstrates that the integration of emerging technologies—such
as augmented reality, artificial intelligence in clinical simulations, large language models
(LLMs), and educational robotics—has notably enhanced the effectiveness of neuroeduca-
tional models. These technologies allow content to be tailored to individual neurocognitive
profiles, provide immediate feedback, and increase students’ immersion in the learning
process [26,28]. Together, they transform the classroom into a dynamic, interactive environ-
ment aligned with brain functioning, thus facilitating meaningful learning. The success of
these methodologies also depends on teacher preparedness. Training educators in applied
neuroscience and the use of technological tools is a key factor in ensuring the effective
implementation of evidence-based strategies that stimulate brain plasticity and executive
function development [22,33]. Conversely, interventions that focus solely on theoretical
content delivery—without considering emotional or active learning aspects—are insuffi-
cient to foster deep, lasting learning. The findings support the need to integrate emotional,
social, physical, and technological factors in the design of educational experiences [9,13].

Another important finding is the role of emotional support in the learning process.
Students who receive personalized guidance, socio-emotional support, and access to inter-
active technologies that promote self-regulation tend to experience lower stress levels and
greater academic resilience [29,31]. The overall perception of students, teachers, and fami-
lies toward neuroeducational models was positive. Participants particularly valued their
capacity to promote autonomous, motivating, and inclusive learning [19,25]. Educational
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technologies were not seen merely as support tools but as active agents in enhancing the
learning experience and adapting it to individual needs [30]. Despite these encouraging
results, some studies reported methodological limitations, including small sample sizes,
heterogeneous designs, and a lack of formal validation of certain instruments. These issues
may limit the generalizability of results and highlight the need for greater methodological
rigor in future research.

It is important to emphasize that although we have used the term neuroeducational
models, many of the included studies focus on the application of strategies or interventions
inspired by neuroscience, without constituting a systematic and formal model. Therefore,
our conclusions should be interpreted with this broader conceptual scope in mind, and
future studies should aim for greater precision regarding defined models.

It is worth noting that, although the use of technology was not defined as an inclusion
criterion in this systematic review, it emerged during the analysis as a relevant element in
several studies, serving as a complementary support in the implementation of neuroed-
ucational approaches. This highlights the need for future research to specifically assess
the impact of technology-supported neuroeducational models on student learning and
well-being.

One important limitation of this review is the restriction to open-access articles pub-
lished between 2020 and 2025, which, while facilitating immediate data availability, may
have introduced selection bias and limited the comprehensiveness of our findings. This
was inherent to the pilot and diagnostic nature of the study. Future reviews will address
this by including closed-access studies and the gray literature to ensure a more exhaustive
and balanced synthesis.

While neuroeducational models supported by technology show promising results, the
current evidence base, largely composed of studies of moderate to low methodological
quality, is insufficient to support broad implementation. Further high-quality research is
needed to validate these findings before large-scale adoption can be recommended.

Additionally, it is recommended that pedagogical strategies be complemented with
practices that promote students” overall well-being, such as self-care, regular physical
activity, and training in social-emotional skills [2,10]. These factors, combined with educa-
tional technology, can maximize the impact of neuroeducational interventions. Regarding
the limitations of this review, the diversity of study designs, contexts, and populations
may have affected the consistency of findings. Nonetheless, the PRISMA 2020 protocol
was strictly followed [15], ensuring transparency and methodological quality throughout the
process. Finally, it is recommended that future research conduct randomized clinical trials with
large samples and longitudinal designs, as well as meta-analyses that quantitatively synthesize
the impact of technology-supported neuroeducational models across different educational
levels. It will be especially relevant to assess the long-term effects of these strategies on students’
cognitive, emotional, and social development and their applicability in post-pandemic contexts.

5. Conclusions

Conducting systematic reviews like the one presented in this study represents a
challenge due to the methodological diversity of the studies and the recent consolidation
of neuroeducational and technological models in the academic field. Nonetheless, the
evidence gathered offers solid conclusions both for educational practice and for research in
applied neuroscience and educational technology. Neuroeducational models, especially
when integrated with emerging technologies, play a fundamental role in enhancing the
teaching-learning process. Their application promotes the development of higher cognitive
skills, intrinsic motivation, emotional self-regulation, and the psychological well-being of
students. This review has highlighted the positive impact of interventions that combine
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neuroscientific principles with technological tools such as artificial intelligence, augmented
reality, simulation, and educational robotics.

Likewise, specialized teacher training—not only in neuroscience but also in the critical
and pedagogical use of digital technologies—emerges as an essential component to ensure
the effectiveness of these methodologies. The learning environments resulting from this
synergy are more inclusive, adaptive, and evidence based, enabling more personalized
and effective teaching. In summary, the findings of this review strongly support the
incorporation of neuroeducational models supported by technology as a comprehensive
strategy to improve educational quality and the full development of students. It is essential
to value the contribution of technological neuroeducation to pedagogical transformation
and to advance educational policies that promote the continuous training of teachers in
these areas, as well as the design of longitudinal research to evaluate its sustained impact.
Working with neuroeducational models enriched with technology not only improves
students’ learning experience but also strengthens a scientific teaching approach focused
on well-being, equity, and the academic success of future generations.

Although the results of this systematic review suggest potential benefits of technology-
supported neuroeducational models, it is important to acknowledge that most included
studies do not make direct comparisons with traditional methods, thus limiting the ability
to draw conclusive claims about their superiority. Additionally, it should be noted that
not all analyzed studies apply a formal and systematic neuroeducational model; in many
cases, they involve strategies or interventions inspired by neuroscientific principles, which
broadens the conceptual scope but also requires greater precision in future research.

Furthermore, while the integration of emerging technologies was a relevant finding of
this review, their use was not an initial inclusion criterion, and the specific impact of these
tools on student learning and well-being needs to be evaluated more rigorously with stan-
dardized criteria. This pilot review was limited to open-access articles published between
2020 and 2025, which may have introduced selection bias and affected the representative-
ness of the results. Due to the heterogeneity of the included studies, it was not possible
to conduct a meta-analysis or a quantitative assessment of the impact, highlighting the
need for future research with rigorous designs, large samples, and quantitative syntheses
to validate the observed effects. Consequently, although the findings are promising, the
current evidence is insufficient to recommend broad and definitive implementation of these
models, emphasizing the importance of continuing to develop this line of research with
greater methodological rigor.

Therefore, although neuroeducational models show promising results, further rigorous
comparative research is needed to establish their impact relative to traditional methods.
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