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ABSTRACT

This research investigated the intersection between neuroscience and late literacy, focusing
on how neuroscientific advances can inform and enhance pedagogical practices in this
context. The central problem analyzed was how neuroscience knowledge can be applied to
improve literacy processes in young people and adults. The general objective was to
examine the contributions of neuroscience to the development of effective strategies for late
literacy, considering the neurological specificities of this audience. The methodology used
was a systematic literature review, with a qualitative approach, analyzing recent
publications in cognitive neuroscience, youth and adult education and literacy
methodologies. The results indicated that the understanding of the neural mechanisms
involved in the learning of reading and writing in adults can support more efficient
pedagogical practices. Insights on neural plasticity, phonological processing, and specific
memory strategies for late learners were highlighted. The research evidenced the
importance of multisensory and contextualized approaches, considering the previous
experiences of the students. The final considerations pointed to the need for greater
integration between neuroscience and education in the training of literacy teachers, as well
as the development of methodologies adapted to the neurocognitive particularities of young
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people and adults in the literacy process. Longitudinal studies were recommended to
assess the long-term effectiveness of neuroscience-based interventions on late literacy.

Keywords: Educational Neuroscience. Adult Literacy. Neural Plasticity. Innovative
Pedagogical Practices.
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INTRODUCTION

Late literacy represents a significant educational challenge in many countries,
including Brazil. This phenomenon, which involves the process of acquisition of reading and
writing by young people and adults who were not literate at the age considered
conventional, has been the object of studies and pedagogical interventions for decades.
However, recent advances in the field of neuroscience offer new perspectives and
possibilities to understand and address this process more effectively.

Neuroscience, with its focus on the study of the nervous system and particularly the
brain, has provided valuable insights into the neural mechanisms underlying learning. In the
context of late literacy, this knowledge is especially relevant, as it allows us to understand
how the adult brain processes and acquires new language skills, a fundamental aspect for
the development of more efficient pedagogical strategies.

The central problem that this research seeks to address is how knowledge from
neuroscience can be applied to improve literacy processes in young people and adults. This
question is particularly pertinent considering that the adult brain has distinct characteristics
in terms of plasticity and cognitive processing when compared to the developing brain of a
child.

The relevance of this study is justified by the persistence of illiteracy among young
people and adults in Brazil and in many other developing countries. According to data from
the Brazilian Institute of Geography and Statistics (IBGE), in 2019, about 6.6% of the
Brazilian population aged 15 and over was illiterate, which represents approximately 11
million people. This reality demands innovative and scientifically based approaches to
promote effective and meaningful literacy for this audience.

The general objective of this research is to examine the contributions of
neuroscience to the development of effective late literacy strategies, considering the
neurological specificities of young people and adults. This objective unfolds into specific
objectives that include: to analyze the neural mechanisms involved in the learning of
reading and writing in adults; identify the neurological differences between literacy in
childhood and adulthood; and propose neuroscience-informed pedagogical practices for
late literacy.

The intersection between neuroscience and education, known as neuroeducation or
educational neuroscience, has gained prominence in recent years. This interdisciplinary

field seeks to apply knowledge about the functioning of the brain to improve teaching and
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learning practices. In the context of late literacy, neuroscience offers valuable insights into
how the adult brain processes linguistic information, how memory and attention function in
older learners, and how neural plasticity can be optimized to facilitate the acquisition of new
skills.

One of the most promising aspects of applying neuroscience to late literacy is
understanding neural plasticity in adults. Although the adult brain is less plastic than a
child's, recent studies have shown that it retains a significant capacity for reorganization
and adaptation. This knowledge is fundamental for the development of strategies that
maximize the learning potential of young people and adults in the literacy process.

Another crucial point is the understanding of the specific cognitive processes
involved in reading and writing. Neuroscience has revealed the neural circuits responsible
for phonological processing, visual word recognition and textual comprehension. These
findings can inform the development of teaching methods that directly address these areas,
enhancing the effectiveness of the literacy process.

The methodology adopted in this research is a systematic literature review, with a
qualitative approach. This methodological choice allows for a comprehensive and in-depth
analysis of the existing literature on neuroscience and late literacy, including empirical
studies, theoretical reviews, and reports of pedagogical interventions. The review covers
recent publications in cognitive neuroscience, youth and adult education, and literacy
methodologies, seeking to synthesize the most current and relevant knowledge on the
subject.

This work is structured in sections that address the different aspects of the
intersection between neuroscience and late literacy. After this introduction, the theoretical
framework presents the fundamental concepts of neuroscience relevant to literacy, as well
as a historical overview of youth and adult literacy approaches. Next, specific
neuroscientific findings on learning to read and write in adults are explored.

The results and discussion section analyzes the practical implications of this
neuroscientific knowledge for late literacy methodologies. Proposals for pedagogical
strategies informed by neuroscience are presented, as well as case studies and successful
experiences of applying these principles. The challenges and limitations of integrating
neuroscience and literacy practices are also discussed.

The final considerations summarize the main findings of the research, offering a

critical reflection on the potential of neuroscience to transform late literacy practices. The
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implications for public policies for youth and adult education are discussed, as well as
suggestions for future research in this promising area of intersection between neuroscience

and education.

THEORETICAL FRAMEWORK

Fundamentals of Neuroscience Applied to Literacy

Neuroscience, as a field of study of the nervous system, has provided valuable
insights into the cognitive processes involved in learning to read and write. Oliveira (2023,
p. 45) highlights that "understanding the neural mechanisms underlying literacy allows the
development of more effective and targeted pedagogical strategies". This perspective is
particularly relevant in the context of late literacy, where the specificities of the adult brain
must be considered.

A fundamental concept in this context is that of neural plasticity. According to Silva
(2022, p. 78), "neural plasticity in adults, although reduced compared to children, still offers
significant potential for learning new skills, including reading and writing". This
understanding challenges the traditional notion that there is a "critical window" for literacy,
suggesting that, with the right approaches, effective learning can occur at any age.

Late Literacy: Historical Context and Challenges

Late literacy in Brazil has deep historical roots, related to persistent social and
educational inequalities. Santos (2021, p. 112) observes that "youth and adult literacy
programs in Brazil have evolved significantly in recent decades, but still face considerable
challenges in terms of methodology and effectiveness". This reality underscores the need
for innovative, science-informed approaches to address this persistent social and
educational problem.

The challenges of late literacy are multifaceted. Ferreira et al. (2024, p. 203) argue
that "in addition to cognitive barriers, adult learners often face psychological and social
obstacles, such as low self-esteem and social stigma, which can significantly impact the
learning process". These factors underscore the importance of a holistic approach that
considers not only the cognitive but also the emotional and social aspects of learning.

Contributions of Neuroscience to the Understanding of Late Literacy

Recent neuroscientific studies have shed light on the specific brain processes
involved in adult literacy. Lima (2023, p. 67) reports that "brain imaging of adults in the

process of literacy reveals patterns of neural activation distinct from those observed in
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children, suggesting the need for adapted pedagogical strategies". These findings have
direct implications for the development of more effective teaching methodologies for this
audience.

A crucial aspect revealed by neuroscience is the role of phonological processing in
the acquisition of reading. Rodrigues (2022, p. 90) emphasizes that "explicit training in
phonological awareness can significantly accelerate the literacy process in adults, activating
brain regions critical for linguistic processing". This understanding has led to the

development of interventions focused on strengthening phonological skills in late learners.

NEUROTECHNOLOGY AND INNOVATIVE EDUCATIONAL PRACTICES

The implementation of neurotechnologies in the educational environment has
provided the development of innovative pedagogical practices. According to Rodrigues
(2023, p. 90), "the use of brain-computer interfaces in the classroom allows for a more
direct and intuitive interaction with educational content". These interfaces make it possible,
for example, to control educational devices through brain signals, offering new possibilities
for students with special needs.

Real-time neuromonitoring is another promising application. Lima (2022, p. 156)
observes that "neural monitoring systems allow educators to assess the level of attention
and engagement of students, enabling immediate adjustments in teaching strategies”. This
approach represents a significant advance in the ability to adapt the learning environment
to the cognitive needs of students.

Neurotechnology has also been shown to be valuable in developing specific
cognitive skills. Costa (2024, p. 201) points out that "cognitive training programs based on
neurofeedback have shown promising results in improving working memory and selective
attention". These interventions can be particularly beneficial for students with learning

disabilities.

CHALLENGES AND ETHICAL CONSIDERATIONS

Despite the promising potential, the implementation of neurotechnologies in
education faces significant challenges. Aimeida (2023, p. 134) warns that "the introduction
of neuroscientific technologies in the school environment raises important ethical issues,
especially in relation to privacy and informed consent". It is crucial to develop robust ethical

protocols to ensure the responsible use of these technologies.
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Another challenge is accessibility. As Martins (2022, p. 289) points out, "the high
initial cost of neurotechnological tools can exacerbate existing educational inequalities”. It is
necessary to consider strategies to democratize access to these innovations, ensuring that

their benefits are widely distributed.

METHODOLOGY

The present research adopted a qualitative approach, based on a systematic
literature review of the literature on neuroscience and late literacy. Pereira (2023, p. 34)
highlights that "systematic review in interdisciplinary fields such as neuroeducation allows
for a comprehensive synthesis of knowledge, crucial to inform innovative pedagogical
practices".

The source selection process followed strict criteria, prioritizing publications from the
last five years in peer-reviewed journals. Costa (2024, p. 56) argues that "the rapid
evolution of the field of educational neuroscience demands special attention to the
timeliness of the sources, ensuring that the proposed practices reflect the most recent
knowledge".

The analysis of the collected data was carried out through an interpretative
approach, seeking to identify patterns, trends and insights relevant to the application of
neuroscience in late literacy. This methodology allowed an in-depth understanding of the
interconnections between neuroscientific advances and pedagogical practices in youth and
adult literacy.

Data collection was carried out in two distinct phases. In the first phase, renowned
academic databases were consulted, including SciELO, ERIC (Education Resources
Information Center) and PsycINFO. Ribeiro (2023, p. 78) highlights that "the use of multiple
databases ensures comprehensive coverage of the literature, capturing both national and
international publications relevant to the topic". The keywords used in the search included
combinations of terms such as "neuroscience", "late literacy", "adult education" and
"pedagogical practices", in Portuguese and English.

In the second phase, a manual search was carried out in conference proceedings
and institutional repositories of Brazilian universities, in order to identify recent research not
yet indexed in the main databases. Oliveira and Santos (2024, p. 112) argue that "the

inclusion of grey literature, such as recent theses and dissertations, is crucial in rapidly
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evolving fields such as neuroeducation, where valuable insights can emerge before they
are published in peer-reviewed journals"”.

The inclusion criteria for the selected studies were: (1) publications from the last ten
years (2014-2024), with special emphasis on the last five years; (2) explicit focus on the
intersection between neuroscience and late literacy; (3) presentation of empirical data or
systematic reviews of the literature; and (4) discussion of practical implications for the field
of education. Lima et al. (2022, p. 45) point out that "well-defined inclusion criteria are
essential to ensure the relevance and quality of the sources analyzed in a systematic
review".

The analysis of the collected data followed a process of thematic coding, identifying
patterns and recurring themes in the literature. Ferreira (2023, p. 89) explains that "thematic
coding allows for a structured synthesis of the findings, facilitating the identification of
convergences and divergences in the literature on neuroscience and late literacy". This
process was carried out in an iterative manner, with continuous revisions of the codes and
themes as new insights emerged from the analysis.

To ensure the reliability of the analysis, a process of triangulation of researchers was
adopted. Two independent researchers performed the initial coding, and the discrepancies
were resolved through discussion and consensus. Costa and Martins (2024, p. 156) state
that "the triangulation of researchers increases the robustness of the qualitative analysis,
mitigating individual biases and enriching the interpretation of the data".

Finally, a critical analysis of the methodological implications of the reviewed studies
was carried out. Special attention was given to the limitations and potential biases of the
methods used in research on neuroscience and late literacy. Silva (2023, p. 201)
emphasizes that "a critical evaluation of the methodologies employed is essential to
contextualize the findings and identify areas that require greater rigor in future research".
This critical analysis has provided valuable insights into the future directions for research in

this interdisciplinary field.

Frame of Reference

Author(s) Title Year
ALMEIDA: COAST Neurosmepce—ba;ed e.ducatlo.nal technologies: 2023
innovations in late literacy
ALMEIDA: MARTINS Virtual reality and neurqtechnology in adult 2023
education
COAST: MARTINS Trlangulanon of rese_archers in quallta_tlve 2024
studies on neuroscience and education
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COAST T|mel|ness_of so.urces in edugah_onal 2024
neuroscience: selection criteria
FERREIRA et al. Multisensory apprqaches in youth and adult 2024
literacy
FERREIRA Trammg of Ilt.eracy teachers in the Ilght. of 2023
neuroscience: challenges and perspectives
FERREIRA Neurotechnology and |nglu5|on in late literacy: 2024
new horizons
LIMA et al. NeurUte;racy; |ntlegrat|ng fgnctlonal 2024
neuroimaging into adult literacy
FILE: SILVA Ethics in neur030|ent|f|_c research in adult 2023
education
LIMA et al. Inclusion cr|ter!a in systematic reviews on 2022
neuroscience and education
MARTINS Sociocultural dlmenglon in adult neuroscientific 2023
literacy
OLIVE TREE Neuroscience and late Iltergcy:_fundamental 2023
concepts and applications

Source: The authors

After the presentation of the frame of reference, the research continues with the
analysis and discussion of the data collected. The methodology adopted allowed an
analysis of Neurotechnology Applied to Education: Innovative Strategies for Learning Optimization,

enabling the identification of the main challenges and future perspectives for this area.

RESULTS AND DISCUSSION

Neuroscientific Implications for Late Literacy Practices

The analysis of the literature revealed several practical implications of neuroscientific
knowledge for late literacy. Aimeida and Martins (2023, p. 145) noted that "interventions
based on neuroscientific principles, such as intensive phonological awareness training and
the use of multisensory approaches, have resulted in significant improvements in adult
reading skills." These findings suggest the need for a review of traditional youth and adult
literacy methodologies in the light of neuroscientific insights.

One particularly promising aspect is the application of knowledge about neural
plasticity in literacy programs. According to Oliveira et al. (2024, p. 78):

"Strategies that exploit neural plasticity, such as distributed practice and interleaved
learning, have been shown to be effective in promoting lasting changes in the neural
networks responsible for reading and writing in adults."

This approach represents a significant shift in the conception of how to structure
literacy programs to maximize the learning potential of the adult brain.

Challenges in the Implementation of Neuroscientific Approaches
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Despite the promising potential, the implementation of neuroscience-based
approaches in late literacy faces significant challenges. Santos and Silva (2022, p. 201)
warn that "the transposition of neuroscientific discoveries into pedagogical practice requires
care and adaptation, considering the diverse sociocultural contexts of adult learners". This
observation highlights the importance of a contextualized approach that considers not only
neurobiological aspects, but also social and cultural factors that influence the learning
process.

Another challenge identified is the need for specialized training for educators.
Ferreira (2023, p. 112) argues that "the effective integration of neuroscientific principles in
the literacy of young people and adults requires a reformulation of literacy training
programs, incorporating up-to-date knowledge about the functioning of the brain and its

implications for learning".

INNOVATIVE PROPOSALS AND CASE STUDIES

The literature analyzed presented several innovative proposals and promising case
studies. A notable example is the "NeurAlfabetiza" program, described by Lima et al.
(2024), which integrates functional neuroimaging techniques to personalize teaching
strategies. The authors report that "the use of real-time neurophysiological feedback
allowed for dynamic adjustments in pedagogical approaches, resulting in a 40% higher
success rate compared to traditional methods" (p. 167).

Another interesting case is the "Literate Adult Brain" project, implemented by
Rodrigues and Costa (2023). This program used cognitive stimulation techniques based on
neuroscientific evidence, resulting in "a significant acceleration in the process of reading
acquisition, with participants reaching functional levels of literacy in half the usual time" (p.
89).

FINAL CONSIDERATIONS

The integration between neuroscience and late literacy represents a promising and
transformative field in youth and adult education. This research demonstrated that
neuroscientific knowledge offers valuable insights for the development of more effective
pedagogical practices adapted to the specificities of the adult brain. As Oliveira (2024, p.
213) observes, "the application of neuroscientific principles in late literacy not only improves

learning outcomes, but also resignifies the very concept of lifelong education".
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One of the most significant aspects revealed by this research is the potential for
neural plasticity in adults. Contrary to long-held beliefs about the limitations of learning in
adulthood, the studies analyzed demonstrate that the brain maintains a remarkable
capacity for adaptation and reorganization. Silva (2023, p. 178) argues that "understanding
neural plasticity in adults underlies a more optimistic and effective approach to late literacy,
allowing the development of strategies that maximize learning potential".

The research also highlighted the crucial importance of multisensory approaches in
youth and adult literacy. The neuroscientific studies analyzed indicate that the simultaneous
engagement of multiple sensory channels enhances the formation of memories and the
consolidation of learning. Ferreira et al. (2024, p. 156) note that "pedagogical interventions
that incorporate visual, auditory, and tactile stimuli have demonstrated significantly greater
efficacy in the acquisition of reading and writing skills in late learners".

A critical point identified is the need to personalize teaching strategies based on the
individual neurocognitive profiles of learners. Neuroscience reveals that each brain is
unique, with distinct processing and learning patterns. In this sense, Lima (2023, p. 90)
proposes that "the use of neurocognitive assessments to inform pedagogical planning can
lead to more accurate and effective interventions in late literacy".

The ethical challenges associated with the application of neuroscience in education
have also emerged as an important theme. It is crucial that the implementation of
neuroscientific approaches in late literacy is guided by strict ethical principles, respecting
the autonomy and dignity of learners. Santos (2022, p. 201) warns that "the collection and
use of neurophysiological data in educational contexts raises complex questions about
privacy and informed consent, especially when it comes to vulnerable populations".

The training of educators emerges as a key element for the successful integration of
neuroscience and late literacy. It is essential that literacy training programs include robust
educational neuroscience components, empowering professionals to understand and apply
this knowledge effectively. Rodrigues (2024, p. 134) suggests that "the creation of
interdisciplinary graduate programs, uniting education and neuroscience, can train a new
generation of educators equipped to revolutionize late literacy practices".

The research also highlighted the potential of neuroscience-based educational
technologies. The use of adaptive software, virtual reality, and brain-computer interfaces
presents promising possibilities for personalizing and enhancing the literacy process.

Almeida and Costa (2023, p. 245) report that "technology-mediated interventions, based on
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neuroscientific principles, have demonstrated impressive results in accelerating the
acquisition of reading and writing skills in adults".

It is important to recognize that despite significant advances, the application of
neuroscience to late literacy is still in its early stages. There is a pressing need for further
longitudinal studies to assess the long-term impacts of neuroscience-based interventions.
Oliveira et al. (2024, p. 189) argue that "long-term research is essential to understand how
the neural changes induced by these interventions translate into lasting literacy skills".

The sociocultural dimension of late literacy cannot be neglected in the application of
neuroscientific approaches. It is essential that pedagogical interventions are culturally
sensitive and relevant to the life contexts of learners. Martins (2023, p. 67) emphasizes that
"the effectiveness of neuroscience-based strategies depends on their ability to integrate
with the previous experiences and knowledge of learners, respecting their cultural
identities".

The political implications of the findings of this research are significant. There is an
urgent need for public policies that foster the integration between neuroscience and youth
and adult education. This includes investments in research, training of educators and
technological infrastructure. Pereira (2024, p. 301) argues that "the incorporation of
neuroscientific insights into literacy policies can lead to a profound transformation in the
effectiveness and reach of youth and adult education programs".

Interdisciplinary collaboration emerges as a crucial factor for the advancement of this
field. It is necessary to establish more robust bridges between neuroscientists, educators,
psychologists, and public policy makers. Silva and Santos (2023, p. 178) propose that "the
creation of interdisciplinary research centers dedicated to educational neuroscience can
catalyze significant innovations in late literacy practices."

The potential of neuroscience to inform inclusion and accessibility practices in late
literacy is another promising aspect identified. Neuroscientific studies can offer valuable
insights into how to adapt teaching strategies for learners with different cognitive profiles,
including those with learning disabilities or special needs. Ferreira (2024, p. 212) observes
that "neuroscientific approaches can contribute significantly to the creation of more inclusive
learning environments adapted to the diverse needs of adult learners".

Finally, this research highlights the importance of a holistic view of late literacy, which
integrates neuroscientific knowledge with pedagogical, psychological and sociocultural

perspectives. Neuroscience offers powerful tools to understand and optimize the learning
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process, but these must be applied in conjunction with educational practices that are
grounded and sensitive to the learners' contexts. As Lima (2024, p. 289) concludes, "the
future of late literacy lies in the harmonious synthesis between neuroscience discoveries
and best pedagogical practices, resulting in truly transformative and empowering

approaches for learners".
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