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ABSTRACT

Introduction: Law 21.383, enacted in Chile in 2021, is a global milestone in recognizing neurorights as
a constitutional principle, aimed at protecting mental integrity against the use of neurotechnologies.
This legal framework, supported by international initiatives such as the NeuroRights Initiative, poses
challenges for higher education, where teacher training must integrate the ethical, cognitive and
normative understanding of these technologies in a Latin American context marked by digital divides and
scarce neuroethical institutionalization.

Method: a mixed sequential explanatory design was developed with a stratified sample of 126 university
professors belonging to five Chilean institutions. A 20-item Likert questionnaire (a = 0,89; KMO = 0,81;
p < 0,001) and 15 semi-structured interviews were conducted, coded by inductive thematic analysis.
Quantitative data were analyzed with ANOVA and post hoc tests.

Results: 72 % of teachers are aware of the existence of Law 21,383, but only 28 % have addressed its
content in training spaces. Significant inter-university differences were recorded (p < 0,05) and a positive
correlation between experience and ethical disposition (r = 0,62; p < 0,01). Qualitatively, demands for
institutional guidelines, neuroethical literacy and interdisciplinary integration emerged.

Conclusions: the educational implementation of Law 21.383 requires strengthening teacher neuroethics
training, institutionalizing cognitive governance, and articulating regional frameworks that allow the
Chilean model to be adapted to other Latin American contexts.

Keywords: Neurorights; teacher training; applied neuroethics; higher education; cognitive governance.
RESUMEN

Introduccion: la Ley 21.383, promulgada en Chile en 2021, constituye un hito mundial al reconocer los
neuroderechos como principio constitucional, orientados a proteger la integridad mental frente al uso
de neurotecnologias. Este marco juridico, respaldado por iniciativas internacionales como la NeuroRights
Initiative, plantea retos para la educacion superior, donde la formacion docente debe integrar la
comprension ética, cognitiva y normativa de estas tecnologias en un contexto latinoamericano marcado
por brechas digitales y escasa institucionalizacién neuroética.

Método: se desarroll6 un disefio mixto secuencial explicativo con una muestra estratificada de 126
docentes universitarios pertenecientes a cinco instituciones chilenas. Se aplicé un cuestionario Likert de
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20 items (a = 0,89; KMO = 0,81; p < 0,001) y se realizaron 15 entrevistas semiestructuradas, codificadas
mediante analisis tematico inductivo. Los datos cuantitativos se analizaron con ANOVA y pruebas post
hoc.

Resultados: el 72 % de los docentes conoce la existencia de la Ley 21.383, pero solo el 28 % ha abordado
su contenido en espacios formativos. Se registraron diferencias interuniversitarias significativas (p <
0,05) y una correlacion positiva entre experiencia y disposicion ética (r = 0,62; p < 0,01). Cualitativamente
surgieron demandas de lineamientos institucionales, alfabetizacion neuroética e integracion
interdisciplinaria.

Conclusiones: la implementacion educativa de la Ley 21.383 exige fortalecer la formacién neuroética
docente, institucionalizar la gobernanza cognitiva y articular marcos regionales que permitan adaptar el
modelo chileno a otros contextos latinoamericanos.

Palabras clave: Neuroderechos; formacidon docente; neuroética aplicada; educacién superior;
gobernanza cognitiva.

INTRODUCTION

In 2021, Chile enacted Law 21.383, a pioneering law recognizing neurorights as a constitutional principle.
This regulation protects mental integrity from the use of neurotechnologies and sets a global precedent in
ethical and scientific matters.®) Backed by the NeuroRights Initiative led by Rafael Yuste, the law establishes
a governance framework for the manipulation and access to neural data, opening new fields of discussion
in applied neuroethics.

From an educational perspective, the initiative underscores the need to train teachers capable of
understanding the cognitive, social, and moral implications of the use of emerging technologies.® In Latin
America, where digitization is advancing amid structural inequalities, education faces the challenge of
integrating neurotechnological ethics into teacher training programs. This study examines lessons from
the Chilean case, identifying its contributions to university education and implications for Latin America.®

Figure 1.
Methodological design of the mixed sequential explanatory study
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Neuroethics is the branch that addresses the moral, legal, and social implications of neuroscience research
and application.® According to lenca et al.®, the development of neurotechnologies capable of recording,
interpreting, or modifying brain activity requires the creation of new human rights,® known as neurodights,
including: personal identity, free will, mental privacy, equitable access, and protection against algorithmic
biases.”

Simbaria et al.® warn that the governance of artificial intelligence and neurotechnology must include an
educational approach that promotes ethical reflection and digital literacy.® In this sense, teacher training
is a privileged space for strengthening neuroethical awareness,*® and preparing professionals capable of
teaching with cognitive and technological responsibility.®

METHOD

The research employed a mixed sequential explanatory design, combining a quantitative diagnostic
phase with a qualitative interpretive analysis. The sample consisted of 126 university professors from five
Chilean universities: the University of Chile, the Pontifical Catholic University of Valparaiso, the University
of Concepcion, the University of Santiago, and the University of Valparaiso.

A validation phase was incorporated based on expert judgment, consisting of five academics specializing
in neuroscience and bioethics from the University of Chile and the University of Concepcién.®? This process
allowed the wording of the items to be adjusted, ensuring relevance and conceptual clarity.®®

During the quantitative analysis, normality tests were applied to confirm the data distribution, followed by
ANOVA and Tukey's post hoc tests to compare inter-university differences.®¥ In the qualitative component,
the interviews were transcribed and coded using the inductive thematic analysis method proposed by Braun
et al.®®, which enabled us to construct a conceptual map of relationships among emerging categories and
subcategories related to ethical thinking and pedagogical practice.®®
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Population and sample

The total population was estimated at 420 teachers; the sample (n = 126) was obtained through stratified
random sampling. Fifty-four percent of the participants were women, 46 % were men; 62 % had more than
10 years of professional experience, and 73 % had a master’s or doctoral degree.*”

Table 1.

Sociodemographic characteristics of the sample
Variable Category %
Gender Male 46
Female 54
Age 25-35 22
36-50 47
51+ 31
Teaching experience <5years 18
5-10 years 20
>10 years 62

Instruments
A 20-item Likert-type questionnaire (1 = strongly disagree; 5 = strongly agree) was designed, divided into
three dimensions:

e Normative knowledge about neuro-rights

e Pedagogical application

e Ethical perception

A Cronbach’s alpha of 0,89 was calculated, indicating high reliability. An exploratory factor analysis (KMO
= 0,81; p < 0,001) was also performed, confirming construct validity. Semi-structured interviews (n = 15)
explored perceptions of ethics and cognitive technology in greater depth. Participants approved the
academic use of their responses. A university ethics committee validated the project.

In addition to the instruments applied, a validation phase was incorporated based on expert judgment,
consisting of five academics specializing in neuroscience and bioethics from the University of Chile and
the University of Concepcién. This process allowed adjustments to the wording of the items, ensuring
relevance and conceptual clarity.®®

Data analysis

The data were processed using SPSS v.28 (descriptive analysis, ANOVA, linear regression) and ATLAS.ti v.9
for qualitative coding. Methodological triangulation was applied to correlate quantitative findings with
teacher narratives.®®

Figure 2.
Analysis and methodological triangulation scheme
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During the quantitative analysis, normality tests (Kolmogorov-Smirnov and Shapiro-Wilk) were used
to assess data distribution, followed by ANOVA and Tukey’s post hoc tests to compare inter-university
differences.®
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In the qualitative component, the interviews were transcribed and coded using the inductive thematic
analysis method proposed by Braun et al.*®, which allowed us to construct a conceptual map of
relationships between emerging categories and subcategories linked to ethical thinking and pedagogical
practice.®V

RESULTS

Level of knowledge

The findings reveal a significant asymmetry between legal knowledge and its pedagogical application.
While 72 % of teachers acknowledged the existence of Law 21.383, only 28 % reported having discussed
its content in formal academic settings. This gap suggests the need to institutionalize neuroethics within
university education.

Figure 3.
Percentage distribution of teacher knowledge about Law 21.383
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Inter-university differences

The ANOVA analysis showed significant differences (p < 0,05) between institutions: the University of Chile
and the University of Concepcion had higher average ethical knowledge scores (M = 4,2; SD = 0,51).
Simple linear regression indicated that prior ethics training explains 42 % of the variance in training
disposition.

Correlational analysis
Positive correlations were detected between teaching experience and willingness to undergo training (r =
0,62; p <0,01), and between normative knowledge and ethical perception (r = 0,47; p < 0,05).

Table 2.

Significant correlations between main variables

Variables r P
Experience - Ethical willingness 0,62 <0,01
Knowledge - Ethical relevance 0,47 < 0,05
Experience - Knowledge 0,39 <0,05

Qualitative results

The analysis of the interviews conducted with teachers revealed three main categories that reflect the
currentstate of neuroethicsintegrationin Chilean education. First,an emerging awareness of neuroethics
in the classroom was identified, evidenced by its recognition as important for the development of
responsible teaching practices in relation to new technologies. Second, institutional uncertainty was
observed regarding the use of educational artificial intelligence, due to the lack of clear guidelines for
its ethical application. Finally, a demand for interdisciplinary training emerged, with participants calling
for programs that integrate education, neuroscience, and ethics as pillars of contemporary teacher
training.
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Figure 4.
Map of qualitative categories (ATLAS.ti)
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DISCUSSION

The results suggest that the effective implementation of Law 21.383 requires synergy between legislation,
university policies, and teacher training. The legal framework alone does not guarantee structural changes;
an educational strategy is needed that promotes a comprehensive understanding of neurorights from a
pedagogical perspective.

Internationally, countries such as Spain®? and Mexico® have launched pilot projects on ethics in educational
Al is working on cognitive governance policies. However, Chile remains the only country with constitutional
recognition of mental integrity, positioning it as a global benchmark for ethical innovation. 25

Teacher training should be oriented toward applied neuroethics, focused on protecting cognitive autonomy
and mental privacy, but also on promoting digital empathy and emotional understanding in Al-mediated
environments. This approach can strengthen professional skills to address the growing automation of
learning and the use of neurocognitive data in academic performance assessment.

CONCLUSIONS

e Chile is consolidating its position as an international benchmark in the creation of an ethical-
cognitive paradigm that transcends the legal sphere and extends to higher education. Law 21.383
sets a historic precedent by protecting mental integrity and cognitive autonomy, paving the way for
a profound reflection on the role of neuroscience and ethics in teaching.

e Neurodigital literacy is emerging as a priority in teacher training, requiring educators to
acquire skills in neuroethics, mental privacy, and the ethical management of neural data. These
skills will enable them to respond judiciously to the challenges posed by artificial intelligence and
neurotechnologies in the classroom.

e Curriculum updates are essential. Training programs must include modules on applied
neuroscience, technological ethics, and critical thinking, promoting interdisciplinary and innovative
teaching.

e Ethical institutionalization in universities, through observatories and committees on neuro-
rights, would ensure the responsible application of cognitive technologies, balancing innovation and
human values.

e The Chilean model offers a roadmap for Latin America, provided it is adapted to each country’s
sociocultural and regulatory contexts. It is recommended to promote comparative and longitudinal
research that measures the impact of neuroethical training on teaching practice and its contribution
to the development of a more ethical and conscious education.
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