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ABSTRACT

With the development of the field of educational neuroscience, the relationship between neuroscience and education is
becoming increasingly close. The application of neurotechnology is gradually shifting from laboratories to real teaching
environments. This study explores the acceptance and ethical views of teachers from six Chinese primary and secondary
schools on neurotechnology applications in education through questionnaire surveys and semi-structured interviews. The
findings revealed that teachers’ acceptance of neurotechnology was primarily influenced by their perceptions of safety,
practicality, and educational fairness. In addition, students’ learning abilities interacted with the type of neurotechnology to
shape teachers’ acceptance levels. However, teachers’ neuroscience training experience did not show a significant effect. The
qualitative results further summarized internal and external factors influencing teachers’ acceptance. These findings highlight
the need for policymakers, educators, and school administrators to prioritize student privacy, ensure fairness, and promote
student development when integrating neurotechnology into educational contexts.

Del laboratorio al aula: el punto de vista de los profesores sobre la integracion de
la neurotecnologia

RESUMEN

Con el desarrollo del campo de la neurociencia educativa la relacién entre neurociencia y educacién se aproxima cada vez
mas. La aplicacion de la neurotecnologia estd cambiando gradualmente de los laboratorios al mundo de la ensefianza. El
estudio explora la aceptacién y los puntos de vista éticos de profesores de seis escuelas primarias y secundarias chinas
sobre las aplicaciones de la neurotecnologia en educacién por medio de cuestionarios y entrevistas semiestructuradas. Los
resultados muestran que la aceptacion de la tecnologia por parte de los profesores estaba influida sobre todo por cdémo
veian la seguridad, su caracter practico y la ecuanimidad. Ademas, la capacidad de aprendizaje de los alumnos interactuaba
con el tipo de neurotecnologia para configurar el nivel de aceptacién de los profesores. No obstante, la experiencia de los
profesores en formacién en neurociencia no tuvo un efecto significativo. Los resultados cualitativos contribuyeron a resumir
los factores internos y externos que influian en la aceptacién de los profesores. Estos resultados destacan la necesidad que
tienen los encargados de las politicas, los educadores y los administradores de los centros de priorizar la intimidad de los
alumnos, garantizar la ecuanimidad y fomentar el desarrollo de los alumnos a la hora de integrar la neurotecnologia en los
contextos educativos.

With the global expansion of educational neuroscience, there
is a growing demand for interdisciplinary research that combines
neuroscience and pedagogy (Leisman, 2022). Neuroscience has the
potential to revolutionize evidence-based education, much like
the impact science and technology have had on evidence-based
medicine (The Royal Society, 2011; Thomas, 2013). Advances in
neuroscience tools and approaches have not only made research in
educational neuroscience more ecologically valid, but also enabled

the transferability of findings to educational contexts (Ba & Hu,
2023; Janssen et al., 2021; Zhang et al., 2018). Many discoveries in
neuroscience are now being applied in educational settings for
teaching language, mathematics, and science (Vaughn et al., 2020).
However, despite these developments, the direct application of
neurotechnology in real classroom environments remains limited.
Neurotechnology, the “assembly of methods and instruments that
enable a direct connection of technical components with the nervous
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system” (O. Miiller & Rotter, 2017), has potential and great application
in the development of evidence-based education (Privitera & Hao,
2022). Some researchers have developed some instruments and
assessments based on neurofeedback in the brain for different
educational scenarios (Chen & Wang, 2018; Zhu et al., 2021). Yet,
several challenges hinder their broader adoption, including ethical
concerns related to safety, privacy, feasibility, accessibility, and
educational equity. Importantly, teachers’ attitudes and acceptance
play a decisive role in determining whether these technologies can
be successfully and responsibly integrated into teaching practice
(Privitera & Hao, 2022). However, most existing studies have focused
on the views of students, parents, or medical professionals, leaving a
notable gap in understanding how in-service teachers perceive and
evaluate neurotechnology in education. Moreover, little is known
about how teachers’ neuroscience training and their ethical attitudes
jointly influence their acceptance of neurotechnology.

Therefore, this study wanted to investigate the factors
associated with in-service teachers’ acceptance of the use of
neurotechnology in their teaching. The findings of the study can
inform the development of targeted professional development
programs for teachers. Policymakers and educational institutions
can use these insights to establish frameworks that ensure the safe,
equitable, and responsible use of neuroscientific techniques in
educational contexts. The research also can inspire interdisciplinary
collaborations  between neuroscientists, educators, and
policymakers. By fostering collaboration, the implementation
of neurotechnology in education can be further advanced. These
collaborations can lead to innovative approaches and evidence-
based practices that bridge the gap between the research lab and
the classroom.

Literature Review
Development of Neurotechnologies Related to Education

Cognitive neuroscientists employing cutting-edge techniques in
neuroscience, coupled with the experimental paradigm of cognitive
psychology, have yielded significant findings in the domains of
memory, attention, and emotion. These findings offer valuable
neuroscientific evidence for educators. A survey of over 1,000 teachers
shows that more than 90% feel neuroscience impacts their teaching
methods and 80% are open to collaborating with neuroscientists on
educational research (Simmonds, 2014). In response, researchers
have begun exploring how neuroscience techniques can be directly
translated into classroom applications, such as enhancing students’
cognitive abilities or assessing learning progress (Davidesco, 2020).

Broadly, these applications can be grouped into two categories:
“neuroenhancement,” referring to techniques that aim to improve or
modify cognitive and emotional functions, and “neuroassessment,”
referring to tools that measure and evaluate brain activity to
understand learning and behavior. Neuroenhancement techniques
can be further classified methodologically into pharmacological
enhancement, implantable technology enhancement, and
neurostimulation technology enhancement (Li et al, 2022).
Pharmacological augmentation primarily entails the use of clinically
available therapeutic drugs. For instance, Adderall, a drug comprised
of mixed amphetamine salts known to alter brain chemicals, is
currently used to treat impulsive behavior and enhance attention in
children diagnosed with attention deficit and hyperactivity disorder
(De Jongh et al., 2008). It holds potential for cognitive enhancement
in students. Oxytocin, a brain peptide hormone, has been found
to play multiple roles in regulating pro-social behavior in humans
(Délen, 2015). In educational settings, oxytocin could be employed
to decrease student misbehavior and facilitate peer interaction
and group cooperation (Hyman, 2011). Implantable technology

enhancement, on the other hand, focuses on the use of brain implants,
such as invasive neuroprostheses. Neuroprostheses refer to artificial
implant devices, including cochlear implants and visual prostheses,
that are surgically inserted and utilize depth electrodes to stimulate
specific brain regions. Although initially developed for clinical
purposes, this technology has recently been explored for enhancing
cognitive performance, albeit with mixed results (Jacobs et al., 2016;
Suthana & Fried, 2014). Neurostimulation technology enhancement
(non-invasive technology) mainly uses brain stimulation instruments
that may have enhancement potential, such as transcranial magnetic
stimulation or transcranial direct current stimulation (tDCS). The
tDCS is a non-invasive technique that uses constant, low-intensity
direct current (1-2 mA) to modulate cortical neuronal activity and
has been shown to improve mathematical performance (Kadosh et al.,
2010) and creative problem-solving skills (Ruggiero et al., 2018). These
approaches highlight the potential to enhance specific cognitive skills
relevant to academic learning, though ethical and safety considerations
must be carefully addressed before educational adoption.

Neuroassessment techniques primarily utilize non-invasive
neuroscientific instruments to monitor and evaluate neural activity
by measuring electrical signals or blood oxygen signals within the
brain. These techniques encompass functional magnetic resonance
imaging (fMRI), electroencephalography (EEG), and functional near-
infrared spectroscopy (fNIRS). Unlike neuroenhancement techniques,
neuroassessment techniques focus on objective recordings of neural
activity in the brain using external instruments, without directly
altering neural activity. EEG measures the electrical activity of the
brain by placing electrodes on the scalp. It can complement traditional
educational research methods and provide insights into learning
processes that may not be observable in the classroom or accurately
reported by students (Davidesco et al., 2021). Currently, EEG is being
employed to assess children’s early reading difficulties (Gabrieli, 2016;
Mayer, 2017), predict language and verbal memory development
(Guttorm et al., 2005), and track student reading progress (Maurer
et al., 2009). Additionally, EEG devices have been utilized to monitor
students’ attentional states (Bevilacqua et al., 2019; Poulsen et al.,
2017) and cognitive load (J. Wang et al., 2020) during classroom
learning.

Compared to EEG, fMRI and fNIRS possess distinct advantages in
identifying the spatial localization of neural activity within the brain,
making them valuable tools for studying mathematical thinking,
scientific reasoning (Butterworth et al., 2011; Mason & Just, 2015),
and language comprehension (Richards et al.,, 2017). In educational
settings, fMRI holds potential for identifying students who may
struggle to comprehend new knowledge and understanding the
neurological causes behind their difficulties. It can also be employed
to evaluate the effectiveness of innovative teaching strategies in
addressing such challenges (Varma et al.,, 2008). In the pursuit of
alternative interventions for students with learning difficulties, it is
crucial to develop and validate non-invasive neurotechnologies for
instructional assessment. Doing so enables educators to transition
from standardized intervention programs to targeted, personalized
intervention approaches (Seghier et al., 2019). The neural information
gathered through these non-invasive tools can serve as a valuable
foundation for Brain-Computer Interface (BCI) technology (Fontanillo
Lopez et al., 2020). Such neural data holds the potential to provide
theoretical and technical support for intelligent education and shape
the future of education in the age of intelligence. By incorporating
these non-invasive neurotechnologies, educators can gain deeper
insights into students’ cognitive processes, individualize instruction,
and develop evidence-based interventions to enhance learning
outcomes. Likewise, fMRI and fNIRS studies help identify students’
learning difficulties and evaluate the neural effectiveness of teaching
methods, paving the way for personalized and data-driven education.

In summary, these emerging neurotechnologies not only
deepen our scientific understanding of learning but also hold great
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promise for improving teaching strategies, assessing individual
learning needs, and promoting educational equity. However,
their integration into classroom practice requires careful ethical
consideration and teacher preparedness—issues that form the
focus of the present study.

Ethical Controversy over the Use of Neuroscience Technology
in Education

The emergence of neuroethics as a new research field reflects
the concerns regarding the potential dual impact of neuroscientific
advancements on science and society. Neuroethics investigates
several key issues, including individual homogeneity, agency
and responsibility, privacy and security of brain data, and neural
enhancement (Li et al., 2022). The ethical implications of BCIs have
sparked discussions concerning the public and various fields such
as medicine (Klein et al., 2016; Sample, Sattler et el., 2019; Sattler
& Pietralla, 2022). In the field of education, ethical considerations
regarding neuroscience and technology are particularly relevant,
receiving substantial attention from policy makers, school leaders,
teachers, educational institutions, as well as parents and students.
Researchers have extensively discussed ethical challenges in literature
reviews and examinations of current and future applications of
brain-computer interfaces in education (Fontanillo Lopez et al.,
2020). Consequently, the application of neuroscience technologies in
education necessitates a cautious and rigorous approach.

The application of neuroscience techniques poses challenges
related to safety, data management, and educational equity. Firstly,
personal safety is a primary concern as some techniques carry
potential side effects. For instance, deep brain stimulation used
in Parkinson’s treatment can lead to visual hallucinations and
neurological or psychiatric side-effects like depression, mania, and
anxiety (S. Miiller & Christen, 2011). Neuroenhancing drugs also
present risks such as addiction or hypersensitivity and irritability
(Brukamp, 2013; Hyman, 2011).

Secondly, the management of students’ neural data is another
critical issue. Neural signals are closely linked to personal information
and privacy. Protection of “brain privacy” is necessary to prevent
unauthorized access to students’ brain data and unwarranted
disclosure (lenca & Andorno, 2017). Therefore, obtaining informed
consent for data collection and establishing reasonable laws and
regulations are vital in protecting the privacy of students’ brain data.
On the other hand, it is equally important to appropriately interpret
and use learner brain data. Like standardized tests or psychological
measurements, data obtained through neurotechnology assessments
may be overly emphasized or misinterpreted by educators. This can
potentially lead to categorization, labeling, or racial segregation of
students, negatively impacting their self-efficacy and self-perception
(Davidesco et al., 2021).

Furthermore, the issue of educational equity is a critical concern.
One often-cited worry is that providing cognitive, emotional, and
executive function-enhancing medications may widen educational
opportunity gaps. Wealthier and more educated individuals are more
likely to seek antidepressants and stimulants as treatment compared
to those who are less affluent and less educated (Hyman, 2011). There
is even the possibility of an “arms race” in the use of neurotechnology
(Hyman, 2011), with irrational and unrestricted adoption of various
neurotechnologies in pursuit of so-called prestigious titles. How
these ethical challenges are addressed will impact the practicality
and accessibility of neurotechnology applications in education.

Although some researchers have begun to explore the ethical
attitudes of the public towards the use of neurotechnologies
(Hiltrop & Sattler, 2022; Miiller & Rotter, 2017; Sample, Sattler,
et al., 2019; Sattler & Pietralla, 2022), there is still relatively little
research on the attitudes of participants in the field of education.

Schmied et al. (2021) ascertained in a survey of education major
undergraduates that respondents, when adopting a teacher’s
perspective, exhibited greater reluctance towards the educational
application of neurotechnology. Nevertheless, compared with in-
service teachers, pre-service teachers generally possess limited
classroom management experience and may have a more idealized
understanding of educational practice (e.g., Poznanski et al., 2018;
Yuan & Lee, 2014). They have not endured the teaching pressures,
student management conundrums, and intricate educational
evaluation frameworks that in-service teachers face. Consequently,
their perceptions of neurotechnology in education might differ
from those of practicing teachers who confront daily pedagogical,
evaluative, and ethical challenges in real school settings.
Consequently, the findings from student samples may not fully
reflect the nuanced ethical considerations and acceptance patterns
of in-service teachers.

The Application of Neuroscience Training to Teacher
Education

Despite the undeniable connection between the brain and
learning, there is a lack of consensus among educators and
neuroscience researchers regarding the practical application of
neuroscience evidence in the field of education (Privitera, 2021).
Nonetheless, this disagreement has not hindered the growing
trend of providing neuroscience training to teachers, driven by the
increasing interest among educators (Hook & Farah, 2013; Zambo
& Zambo, 2011) and policy recommendations in certain countries
(Society for Neuroscience, 2009; The Royal Society, 2011). The
introduction of neuroscience training for teachers aims to encourage
a deeper understanding of the learning process, ultimately leading
to pedagogical changes and improved effectiveness in education
(Desimone, 2009).

Several studies have reported positive outcomes of neuroscience
training programs, such as improved scores on assessments of
neuroscience content knowledge among teachers (Im et al., 2018;
Schwartz et al., 2019) and increased confidence in comprehending
and teaching neuroscience concepts (MacNabb et al., 2006; Roehrig
et al., 2012). Furthermore, a scoping review conducted by Privitera
(2021) revealed that neuroscience training had varying degrees of
influence on teachers’ mindsets (Ergas et al., 2018), instructional
strategy choices (Schwartz et al., 2019), and student achievement
(Anderson et al., 2018). These findings underscore the potential
benefits of neuroscience training for educators and warrant further
investigation into its impact on the field of education.

The Present Study

In summary, the rapid development of neuroscience technologies
has had a very significant impact and change in the field of education.
However, a series of ethical issues that need to be addressed also limit
the direct application of neuroscience techniques in education.

Previous studies have found that public acceptance of
neurotechnical devices in society is related to the invasiveness of
the technology, framing effects, and to individual needs and values
(Sattler & Pietralla, 2022). So, in the field of education, is there a
relationship between teachers’ acceptance of neurotechnology and
their ethical attitudes? Although studies have found positive effects
of neuroscience training on teacher education, it is unknown whether
neuroscience training improves teachers’ perceptions and acceptance
of neurotechnology. Therefore, this study also intends to examine
whether teachers’ experiences in neuroscience training are related to
their acceptability of the use of neurotechnology in education.

Referring to Schmied et al. (2021), this study intends to explore
the acceptance differences among teachers with varied neuroscience
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training experiences towards applying different neurotechnologies
(pharmacological augmentation, physical hardware, non-invasive
instruments) to students of different learning abilities. High Ability
Students (HAS) are defined as those who consistently perform above
grade-level expectations based on academic assessments. Low Ability
Students (LAS) are students whose performance falls below grade-
level expectations. Students with Learning Disabilities (SLD) are those
formally diagnosed with specific learning disabilities according to
school records or standardized assessments. The following research
questions would be addressed.

RQ1. Are there differences in the acceptance of different types of
neurotechnology by in-service teachers?

RQ2. Does previous neuroscience training experience affect
faculty acceptance of neurotechnology?

RQ3. Are there differences in teachers’ acceptance of the
application of neurotechnology to students with different learning
abilities?

RQ4. Is teachers’ ethical attitude towards the use of different
neurotechnologies in education related to their acceptance
attitude?

Method
Participants

This study was conducted with teachers from experimental
schools affiliated with the Educational Neuroscience Research Center
at a university in China. Using a convenience sampling method, a
total of 125 investigative materials were distributed to primary and
secondary school teachers in six cities across China. It is important
to note that partial teachers in these schools had received relevant
training about neuroscience knowledge. We meticulously removed
any invalid responses that were not carefully answered by using
response time- and quality-controlled questions, resulting in a final

dataset of 113 valid responses.

Participants’ demographic information was organized into three
thematic categories: 1) personal demographics: age ranged from 21
to 56 years (M = 32.22, SD = 7.75), with 23 males and 90 females;
2) professional background, including teaching experience, teaching
discipline, and school type (see Table 1); and 3) neuroscience training
experience, defined as participation in lectures, training sessions,
or academic conferences aimed at popularizing neuroscience
knowledge—51 teachers had prior training, while 62 had no such
experience.

In addition, a total of 11 teachers from these six schools were
selected for brief interviews. Information about the interviewees is
presented in Table 2. The study received ethical approval from the
researcher’s university ethics committee (NO. HR587-2022).

Table 2. Table of Demographic Information on Interviewees (N = 11)

Table 1. Table of Demographic Information on Survey Respondents (N = 113)

Information Type n Proportion (%)
) Junior college 4 3.5
}Egllgatlonal Undergraduate 84 74.3
Master degree or above 25 221
Primary school 54 47.8
Teaching stage Junior high school 47 41.6
Senior high school 12 10.8
Nature of Public school 90 79.6
school Private school 23 20.4
0-3 years 35 34.5
T 3-5 years 16 204
5-10 years 17 16.8
10 years above 25 283

Research Tools

Demographic Background

The demographic background section of the survey collected
information on various aspects concerning the teachers. The
background questions included the participants’ age, gender,
educational background (level of education and major), teaching
background (years of teaching experience, teaching disciplines,
teaching grades, and the type of schools they worked in), experience
with neuroscience training (number of trainings attended), and
their satisfaction with the training (measured on a 7-point rating
scale). Finally, the survey inquired about the participants’ habits of
reading neuroscience papers and scientific papers, as well as their
prior experience with using neuroscience applications to enhance
learning.

Acceptability of Neuroscience Technology

The acceptability material used in this study is primarily
derived from an adaptation and translation of a study conducted
by (Schmied et al., 2021). It consists of six scenarios that illustrate
various applications of neuroscience technology. The materials
were constructed using the Contrastive Vignette Technique (Burstin
et al., 1980), which aids readers in identifying key information
elements. Each scenario provides descriptions in eight areas:
(1) current medical applications, (2) stage of development and
technique description, (3) current or potential use in education,
(4) scope of application, (5) specific examples of educational
application, (6) considerations for transferring research findings,
(7) invasiveness and short-term side effects, and (8) long-term
side effects. The translation of the materials was performed by a
master’s student in English and a master’s student in psychology.
Following the translation, the materials underwent a rating process

Interviewee Gender Teaching stage Teaching Subject Teaching Age Educational level
A female Junior high school Chinese 2 Undergraduate
B female Senior high school English Master

C male Junior high school Mathematics 5 Undergraduate
D female Senior high school Politics 3 Master

E male Junior high school History 2 Master

F female Primary school Mathematics 7 Undergraduate
G male Senior high school English 8 Undergraduate
H male Junior high school Physics 12 Undergraduate
I male Junior high school Chemistry 10 Undergraduate
] female Senior high school Physics Doctor

K female Primary school Science 4 Undergraduate
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by 10 volunteers who assessed reading fluency (M= 6.33, SD=0.23)
and comprehensibility (M = 6.45, SD = 0.16) using a 7-point rating
scale. Based on the feedback, the study materials were refined and
finalized.

The survey materials encompassed three categories of
neuroscience  techniques:  pharmacological augmentation
(Adderall, oxytocin), physical hardware (atDCS, neuroprostheses),
and non-invasive instruments (EEG, fMRI). To ensure careful
reading and familiarity with the main features of the technology,
the researchers included a multiple-choice question at the end
of each material and asked participants to recognize and select
options that matched the characteristics of the technology.

These techniques were incorporated into a total of six inquiry
materials. Participants were tasked with expressing their
acceptance of these technologies for three types of students (HAS,
LAS, and SLD) after reading each material. The multiple-choice
question presented three options, each representing a feature of
the respective technology. Participants’ acceptance attitudes were
assessed on a 7-point scale ranging from 1 (totally unacceptable) to
7 (totally acceptable). Participants who failed to correctly answer
any of the comprehension questions were excluded from the
analysis (n = 12), ensuring that only valid and attentive responses
were retained.

Ethical Attitude

After assessing the participants’ acceptability attitudes, they
were further prompted to express their ethical attitudes towards
the application of this technology across three dimensions. Firstly,
participants were asked to make judgments regarding safety,
rating it on a scale of 1 (very dangerous) to 7 (very safe). Secondly,
participants were asked to assess the potential disruption of
educational equity, rating their level of agreement on a scale of
1 (strongly disagree) to 7 (strongly agree), where higher scores
indicated a greater agreement that the technology could disrupt
educational equity. Lastly, participants were asked to evaluate the
feasibility of implementing this technology in education, rating it
on a scale of 1 (not at all feasible) to 7 (very feasible).

General Attitudes to the Relationship between
Neuroscience and Education

The general attitude questionnaire consisted of six questions
developed by the researchers. Participants were asked to rate
their agreement with each statement on a 7-point scale, ranging
from 1 (strongly disagree) to 7 (strongly agree). The questions
included: 1) neuroscience techniques should be used more in
educational practice; 2) the results of neuroscience have a positive
contribution to educational practice; 3) as primary and secondary
schoolteachers, they should learn more about the knowledge of
neuroscience; 4) as primary and secondary schoolteachers, they
should apply the knowledge of neuroscience to their classes more

often; 5) as primary and secondary schoolteachers, they should
receive more training in neuroscience knowledge; 6) the results
of neuroscience have a negative contribution to educational
practice (reverse scoring). Higher scores on the scale indicated
more positive attitudes of teachers towards the integration of
neuroscience and education. The Cronbach’s alpha coefficient (a =
.816) was calculated based on the current sample, indicating good
internal consistency.

Interview Materials

This study adopted semi-structured interviews based on a
standardized set of core questions, ensuring consistency across
participants while allowing the interviewer to flexibly adjust
follow-up questions according to participants’ responses. The
interview outline began with an introduction of the research
purpose and an emphasis on privacy protection. Then, teachers
were asked about their knowledge in educational neuroscience
and neurotechnology (e.g., “How familiar are you with
neurotechnologies used in education?”; “Where do you usually
get information about neuroscience or neurotechnology?”).
Subsequent questions explored teachers’ attitudes toward
neurotechnology from the perspectives of different disciplines
and levels of teaching experience (e.g., “How do you perceive the
use of neurotechnology in your subject area?”; “Do you think
teaching experience affects attitudes toward neurotechnology?”).
Participants were also asked to describe any personal or observed
experiences of neurotechnology use in education and to share
suggestions for promoting acceptance in schools. Each interview
lasted approximately 20 minutes and was audio-recorded with
participants’ consent.

Investigation Procedure

Participants were instructed to access the survey procedures via
a provided link. After carefully reviewing the survey instructions
and informed consent form, participants had the option to either
withdraw from the study or affirm their informed and voluntary
participation. Once they confirmed their participation, they
proceeded to engage in the formal investigation process. The
first part of the process involved participants reading vignettes
about different neurotechnologies. The order of presenting these
vignettes was determined by a pseudo-random design to minimize
possible order-related influences. After reading each vignette,
participants completed an acceptability attitude assessment and
an ethical attitude assessment. In the second part of the study,
participants were required to complete a general attitude survey
focusing on the relationship between neuroscience and education.
Finally, participants were invited to provide personal anonymous
background information. As a token of appreciation, participants
were informed that they would receive a randomly assigned reward
at the end of the survey.

Table 3. Difference Analysis of Teachers’ General Attitude and Reading Habits (N = 113)

Trained in Neuroscience M(SD) t d 95% Confidence Interval
General Attitudes ves 5-74(110) 403" 0.76 0.44,128
No 4.88(1.15)
Scientific Papers Yes 2:35(1.00) 565 107 0.57,1.17
No 1.48(0.62)
Popular Science Articles Yes 222(0.94) 451" 0.85 0.37,0.96
No 1.55(0.62)

Note. Number of Yes = 51, number of No = 62, same as Table 4.
“'p<.001.
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Results
Reading Habits and General Attitudes

To examine the impact of neuroscience training on teachers’
reading habits of scientific research papers and popular science
articles, as well as their general attitudes towards the relationship
between neuroscience and education, an independent sample
t-test was conducted. Please refer to Table 2 for the detailed
results. The findings displayed in Table 3 reveal that teachers who
received neuroscience training demonstrated significantly more
positive attitudes towards the relationship between neuroscience
and education (t = 4.03, p < .001). Furthermore, they reported
a significantly higher frequency of reading scientific research
papers (t=5.66, p <.001) and popular science articles (t=4.51, p
<.001).

Table 4. Difference Analysis of Teachers’ Ethical Attitudes (N = 113)

Ethical Attitudes

To evaluate the impact of teachers’ neuroscience training on
their ethical attitudes towards the application of neuroscience
techniques, an independent sample t-test was performed. Upon
examining Table 4, it becomes apparent that there were no
significant differences in the attitudes towards safety, equity,
and feasibility regarding the application scenarios of different
neurotechnologies, irrespective of whether the teachers had
received neuroscience training or not.

Correlation Analysis

To analyze the relationships between the variables in this study,
Pearson correlation analysis was conducted. Tables 5-7 illustrate that
across all three tables, there were significant positive correlations

Application Scenario Ethical Attitudes Trained in Neuroscience M (SD) t p d 95% confidence interval
Yes 3.89(1.37)
f 072 47 014 -0.73,0.34
safety No 409 (1.49)
Pharmacological . Yes 4.21(1.58)
Augmentation equity No 3.87 (161) 11 27 0.21 -0.26,0.93
Y 3.97 (149
feasibility e (149) 533 74 -o006 -0.65, 0.47
No 4.06 (1.50)
Yes 3.75(1.34)
f 065 52 012 -0.74,0.38
safety No 3.93 (1.60)

Physical Hardware equit ves 4210165 oo0 59 10 0.44,0.77
v quity No 4,04 (157) ' : : A%
Y 3.83 (142

feasibility es (142) o35 73 0.07 -0.43,0.61
No 3.74(135)
Y 4.44(139
safety e (139 980 43 o015 -031,0.72
No 423(137)
Non-Invasive . Yes 417 (1.37)
[onvash equity o 572(159) 159 12 0.30 011, 1.01
Y 434(134
feasibility e (139 o509 56 0.1 -0.36,0.65
No 419(1.36)

Table 5. Correlations between Acceptance of Pharmacological Augmentation and Ethical and General Attitudes

Pharmacological Augmentation M(SD) HAS LAS SLD Safety Equity Feasibility  General Attitudes
HAS 3.92 (1.99) -

LAS 451 (1.93) 2" =

SLD 4.86 (1.76) 48" 78" -

Safety 4.00(1.43) 63" 54" 43" =

Equity 4.02 (1.60) -4 -28" -18 -49” =

Feasibility 4.02 (1.49) 63" 55" 46" 79" -44" =

General Attitudes 5.23(1.27) 11 317 38" 17 -.002 19 -

Note. N = 113. HAS = high ability students; LAS = low ability student; SLD = students with learning disabilities. Same as Table 5 and 6 below.

‘p<.05,"p<.0L

Table 6. Correlations between Acceptance of Physical Hardware and Ethical and General Attitudes

Physical Hardware M (SD) HAS LAS SLD Safety Equity Feasibility General Attitudes
HAS 3.80(1.92) -

LAS 4.26 (1.82) 75" -

SLD 447 (1.72) 65”7 87" -

Safety 3.85(1.49) .60™ 517 .50" -

Equity 4.12 (1.60) -16 -.09 -.07 =22 -

Feasibility 3.78 (1.38) 66" .60 60" 78" =22 -

General Attitudes 5.26 (1.20) .16 317 38" 24 .16 257 --
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Table 7. Correlations between Acceptance of Non-invasive Instruments and Ethical and General Attitudes

Non-Invasive Instruments M (SD) HAS LAS SLD Safety Equity Feasibility General Attitudes
HAS 4.23(1.79) -

LAS 4.56 (1.70) .80 -

SLD 4.79 (1.67) .70 .88" -

Safety 4.33(1.38) 50" 497 48" -

Equity 3.92 (1.51) =21 -.09 -.05 -.05 -

Feasibility 426 (1.34) .66” .68" .64" 73" -10 -

General Attitudes 5.26 (1.20) 317 417 44" 37" 18 357 -

between teacher acceptance of the three types of scenarios and
their attitudes towards the safety and feasibility of the technology.
These correlations held true regardless of the academic abilities of
the students, with correlation coefficients ranging from .43 to .68.
For HAS, teachers’ acceptance of both pharmacological augmentation
(r = -.41) and non-invasive instruments (r = -.21) had a significant
negative correlation with fairness, and acceptance of non-invasive
instruments had a significant positive correlation with general
attitudes (r = .31). For LAS, teacher acceptance was significantly
negatively correlated with fairness only in the medication scenario (r
=-.28) and significantly positively correlated with general attitudes
in all three scenarios (r= .31 - .41). For SLD, teacher acceptance was
not related to perceptions of fairness in all three scenarios and was
significantly and positively related to general attitudes in all three
scenarios (r=.38 - .44).

Relationship of Neuroscience Training on Teacher
Acceptance

To explore the effect of experience with neuroscience training
on teacher acceptance, the researchers did three-factor repeated
measures ANOVA. Training experience was used as a between-
subject variable, and the three scenarios and three types of students
were used as within-subject variables. The Greenhouse-Geisser
correction was used when the Mauchly sphericity test hypothesis
was not met and F-values with fractional degrees of freedom are
reported.

Results found that the main effect of training was not significant,
R1,111)=0.412, p=.522,v? = .004, with a 95% confidence interval of
[-.39, .77]; the main effect of type of student was significant, F1.49,
164.91) = 24.11, p < .001, n’, = .18. Teachers’ acceptance of the use
of neurotechnology was significantly higher for SLD (M = 4.73, SD =
0.15) than for LAS (M =4.45, SD=0.16, p<.001) and HAS (M =3.98, SD
=0.17, p<.001); it was also significantly higher for LAS than for HAS.
The main effect of the scenario was significant, F1.81, 200.64) = 7.64,
p <.001, n*, = .064. Teachers’ acceptance of both pharmacological
augmentation (M = 4.44, SD = 0.16, p = .002) and non-invasive
instruments (M = 4.54, SD = 0.15, p < .001) was significantly higher
than acceptance of physical hardware (M = 4.18, SD = 0.16).

The interaction between student type and training experience
was not significant, {149, 164.91) = 1.81, p = .18, n’, = .016. The in-
teraction between student type and scenario was significant, F3.33,
369.36) =3.75, p=.005, n?, =.033. The interaction between scenario
and training experience was not significant, {1.81, 200.64) = 0.38,
p=0.67,w° = 0.003). The interaction of the three variables was not
significant (F(3.33,369.36) = 2.19, p=0.08, n*, = 0.02).

A simple effects analysis of the interaction between scenario and
student type was conducted and the results are shown in Figure 1. For
the HAS, teachers were significantly more receptive to non-invasive
instruments (M = 4.23, SD = 0.17, p <.001) than to physical hardware
(M = 3.80, SD = 0.18), and there was no significant difference in
receptivity to pharmacological augmentation and physical hardware
(p = .64). For the LAS, teachers were significantly more receptive to
non-invasive instruments (M = 4.56, SD = 0.16) and pharmacological

augmentation (M = 4.51, SD = 0.18) than physical hardware (M =
4.26, SD = 0.17), and there was no significant difference between
pharmacological augmentation and non-invasive instruments (p =
.96). For the SLD, teachers were significantly more receptive to both
non-invasive instruments (M = 4.79, SD = .16) and pharmacological
augmentation (M = 4.86, SD = 0.17) than physical hardware (M = 4.47,
SD = 0.16), with no significant difference between pharmacological
augmentation and non-invasive instruments (p = .89).

510

4.801

4.501
>
= 4.201
E
3
g 3.901
Q
<

3.601

Scenario
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3.001
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Figure 1. Interaction Diagram of Student Tpes and Scenarios.

Interview Results

The results of analyzing the interview materials revealed that
there were differences in in-service teachers’ perceptions of the
use of neurotechnology across disciplinary backgrounds and
across teaching years. Mathematics and science teachers are more
likely to actively learn about and explore in depth the principles
and applications of neurotechnology due to their disciplinary
characteristics’ focus on logic, science, and new technologies.
Humanities teachers, on the other hand, may have a relatively low
level of awareness of neurotechnology because their subject matter is
less connected to it. In terms of teaching experience, newer teachers
have higher expectations of neurotechnology and are willing to try
to integrate it into their teaching. In contrast, teachers with longer
teaching experience may show more concerns and conservative
attitudes due to their reliance on traditional teaching methods and
unfamiliarity with new technologies. Also they will be more cautious
in considering the application of neurotechnologies, weighing
multiple factors. These differences reflect the profound influence of
individual teachers’ teaching experience and subject characteristics
on their perception and acceptance of neurotechnology.

Additionally, four major themes were identified through coding—
two internal (e.g., knowledge reserve, learning ability) and two ex-
ternal (e.g., school support, training)—as summarized in Table 8.
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Table 8. Analysis of Thematic Factors Affecting Teacher Acceptance

Theme Subtheme Description
The extent of a teacher’s background knowledge in neuroscience and neurotechnology, which affects their
Knowledge Reserve L P N 2 8
ability to comprehend and assimilate information about new technologies.
. . The capacity of a teacher to acquire and process new information, which is crucial for adapting to and
Learning Ability . . . . N .
Internal integrating neurotechnology into their teaching practices.
Factors , : The fundamental beliefs and values that guide a teacher’s approach to education, which can either facilitate
Teaching Philosophy . - . §
or hinder the adoption of neurotechnology in the classroom.
. The methods and strategies employed by a teacher in delivering instruction, which may be more or less
Teaching Style : : ; .
compatible with the integration of neurotechnology.
The degree to which a school provides resources, encouragement, and a conducive environment for teachers
School Support o
to explore and utilize neurotechnology.
Traini The availability and quality of professional development opportunities that equip teachers with the necessary
raining ) d
External skills and knowledge to effectively use neurotechnology.
Factors The general perceptions and attitudes within society that can influence a teacher’s willingness to adopt

Social Opinion

Industry Atmosphere

neurotechnology, including misconceptions and the perceived value of such technologies.

The collective sentiment and trends within the education sector that can promote or impede the acceptance
and use of neurotechnology by teachers.

Discussion

Teachers’ Attitudes towards the Application of
Neurotechnology

This study aimed to investigate the acceptance of different
neurotechnologies among in-service teachers and analyze the
influence of neuroscience training and ethical attitudes. The findings
from the analysis of variance indicated that receiving neuroscience
training had a significant impact on developing and strengthening
positive attitudes among teachers regarding the relationship
between neuroscience and education. Furthermore, the training
experience significantly increased the frequency of their engagement
with information related to neuroscience. The correlation analysis
revealed significant relationships between teacher acceptance and
several factors. Specifically, the perceived safety of neuroscience
technology, its potential effects on educational equity, and the
likelihood of implementation were all found to be significantly
correlated with teacher acceptance. Teachers were more inclined to
accept neurotechnology when they perceived it as safe and feasible
for educational purposes. However, it is crucial to ensure that the
introduction of neurotechnology does not hinder educational equity.
Teachers tended to exhibit relatively tolerant ethical attitudes
toward equity, particularly for low-achieving students and those
with learning disabilities.

In line with previous research (Schmied et al., 2021), the teachers
in this study were more receptive to non-invasive neurological
assessment instruments while being cautious about neuro-
enhancing drugs and physical hardware, regardless of the type of
student. This cautious attitude is also observed among students,
parents, and healthcare providers (Forlini & Racine, 2012). The
open-ended responses further revealed their concerns about safety
when it comes to neurological drugs. Some teachers expressed a
preference for using these drugs if they do not pose harm to the
body. They emphasized the importance of safety and mentioned
that if neurotechnology can help children with specific difficulties
without adverse effects, it can be considered in small amounts.
Safety becomes an ethical concern that deserves attention when
promoting the use of neurotechnology in education. Another
notable concern expressed by these teachers is the potential side
effects of neurotechnology. While invasive neurotechnology may
bring benefits to students, there are unknown factors that could
lead to side effects, such as impacts on personhood or a sense of
unnaturalness (Meier et al., 2019; Sample & Aunos et al., 2019). The
teachers in this study acknowledged the potential benefits but also
expressed fear of these side effects.

Furthermore, educational equity emerged as a significant topic of
concernforteachers.Oneteacher highlighted thatneuroenhancement
techniques, although effective, could exacerbate inequities in
education and disadvantage students from lower socioeconomic
backgrounds. This raises reservations among these teachers about
the potential impact of neurotechnology on educational equity. It is
important to recognize that while neurotechnology can serve as an
instrumental tool, similar to other educational technologies, it cannot
fundamentally address the underlying inequities in educational
opportunities, processes, and conditions. These issues involve
the rational and equitable allocation of educational resources in a
fair and orderly manner. These findings clarify the perspectives of
teachers regarding safety, side effects, and educational equity when
considering the implementation of neurotechnology in education.
Addressing these concerns and ensuring ethical considerations are
considered critical in promoting the responsible and beneficial use
of neurotechnology in educational settings.

The study did not find a significant influence of training
experience on the participating teachers’ ethical perceptions
and acceptance attitudes toward the application of neuroscience
techniques. This null effect may be explained by several factors. First,
the current training formats are often short-term, lecture-based,
and heavily theoretical, focusing on general neuroscience concepts
rather than on the ethical, pedagogical, and practical implications
of neurotechnologies. Such training may raise basic awareness
but fail to foster deep reflection or behavioral change related to
ethical decision-making in real teaching contexts (Privitera, 2021).
Second, teachers’ ethical perceptions and acceptance attitudes
are likely shaped by more stable personal and contextual factors,
such as teaching experience, subject background, and exposure to
educational policy discussions, which may not be easily altered
through brief training sessions. Third, there may be a mismatch
between the content of neuroscience training and teachers’ practical
needs. If training focuses primarily on brain mechanisms in learning
rather than on the classroom integration of neurotechnological tools,
teachers may not directly connect the training experience with their
ethical or practical evaluations of such technologies.

The results of this study suggest that teachers’ willingness to accept
neurotechnology in education is shaped by multiple interrelated
factors rather than by a single determinant. Specifically, teachers’
perceptions of the usefulness of neurotechnology for improving
teaching effectiveness, its ease of integration into classroom practice,
and the surrounding social and institutional support all appeared to
influence their overall acceptance attitudes. As one teacher stated,
“If it can really help students focus better, I think it is worth trying.
However, we need to understand how safe it is first.” Another
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participant emphasized practicality, noting that “We already have
many tools to manage, and if this technology is too complicated, it
will simply become one more burden.” Individual characteristics
such as teaching experience and disciplinary background also
played moderating roles. The interview findings revealed that
teachers with more years of teaching experience tended to show
greater caution and hesitation, while younger teachers and those
from science-related subjects exhibited more openness toward
exploring neurotechnological applications. For example, a senior
teacher commented, “I have seen many new technologies come and
go. I prefer to wait and see how this one develops.” In contrast, a
younger science teacher expressed more enthusiasm, stating, “This
could be the future of education, and I would like to try it with my
students.” These findings highlight the importance of considering
contextual and personal factors when promoting the educational
use of neurotechnology, rather than focusing solely on the technical
advantages of the tools themselves.

In summary, the findings of this study have important
implications for both the fields of education and neuroscience. The
study underscores the significance of considering ethical factors,
such as safety and equity, when implementing neurotechnologies
in educational settings. Additionally, they emphasize the positive
effect of neuroscience training on teachers’ access to neuroscience
information. While the current study did not find a significant
impact of training experience on teachers’ ethical perceptions and
acceptance attitudes, it suggests the need to improve and refine
neuroscience training for teachers. Enhancing the training content
and format may help reduce biases and could equip teachers with
a more comprehensive understanding of neuroscience, thereby
potentially facilitating the effective utilization of neuroscience
techniques in education.

Limitation and Future Directions

Despite its contributions, this study also has several limitations
that should be considered when interpreting the findings. First, the
sample was limited to experimental base schools associated with
a single university in China. This restricted sampling framework
reduces the representativeness of the data and may introduce
contextual bias (Bornstein et al., 2013), as teachers from these schools
may have greater exposure to neuroscience-related information than
the general teaching population. Consequently, the results should be
interpreted as reflecting the attitudes of this specific group rather
than of all teachers. Future studies could address this limitation by
including a larger and more diverse sample drawn from different
regions, school types, and socioeconomic contexts, which would help
enhance the external validity of the findings.

Second, the measurement of teachers’ ethical attitudes toward
neurotechnology relied on a single-item indicator. While single-
item measures are sometimes used for pragmatic reasons, they tend
to underestimate construct reliability and may fail to capture the
multidimensional nature of ethical attitudes (Diamantopoulos et
al.,, 2012). This limitation implies that the observed nonsignificant
relationships involving ethics-related variables should be interpreted
cautiously. Future research should develop and validate multi-item
scales that comprehensively assess teachers’ ethical reasoning,
perceived risks, and fairness concerns regarding neurotechnology.

Finally, the cross-sectional design of the present study limits
causal inference. Without longitudinal or experimental data, it
remains unclear whether positive attitudes toward neuroscience
lead to greater acceptance of neurotechnology, or whether teachers
who are more accepting tend to perceive neuroscience more
positively (Wang & Cheng, 2020). Future research could employ
longitudinal tracking or intervention-based designs to examine
how training, experience, and institutional policies shape teachers’

ethical awareness and technology acceptance over time. Such
approaches would not only clarify causal pathways but also inform
evidence-based professional development strategies for integrating
neuroscience into education.

Conclusion and Implications

Our groundbreaking study has transcended its limitations and
revealed a remarkable correlation between teachers’ ethical attitudes
toward neurotechnology and their acceptance of this cutting-edge
field. The implications of these findings are monumental, as they shed
light on the future application of neurotechnology within educational
environments. This invaluable research offers profound insights that
demand attention from all stakeholders in the field of education.

Foremost, education regulators and policymakers shoulder the
responsibility of orchestrating a well-regulated and harmonized
educational landscape. Crafting judicious policies and ensuring
equitable allocation of neurotechnology resources emerge as
imperative tasks. Vigilant scrutiny and stringent qualification
reviews must be in place to counteract unfounded claims propagated
by certain institutions regarding the enhancement of students’
learning abilities through neurotechnology. We must safeguard
our students from potential harm to their physical well-being and
property. Moreover, utmost caution should be exercised to prevent
any unwarranted collection or misuse of students’ neural signal
data, effectively safeguarding their right to privacy, and ensuring it
remains sacred and inviolable. In pursuit of an exemplary model, we
can draw inspiration from the prestigious Brain Imaging Dialogue
community established in the United Kingdom. This visionary
initiative fosters early public deliberations surrounding brain science
and technologies that may stir controversy. By convening eminent
scientists, health workers, sociologists, philosophers, ethicists,
religious representatives, citizens, policymakers, and legal experts,
robust discussions on nonmedical applications of brain imaging
technology transpire (Escobar, 2014). Adopting a similar approach
within educational policy development will provide a platform for
inclusive dialogue, allowing parents, teachers, and student groups
to contribute their invaluable perspectives. Policies forged through
such collective wisdom will invariably serve the best interests of the
broadest spectrum of students, nurturing an environment conducive
to their holistic growth and development.

Secondly, it is imperative for educational administrators to
provide teachers with comprehensive and multi-level training in
neuroscience. This training should encompass a broad understanding
of neuroscience as a discipline, the latest research findings, and
a comprehensive knowledge of neurotechnology. By equipping
teachers with a clear understanding of the scope and application
of neurotechnology, they will be better positioned to integrate
these technologies into their teaching methods without falling
prey to misguided beliefs or neuromyths that may misguide their
pedagogical approaches (Howard-Jones & Paul, 2014). Furthermore,
fostering communication and collaboration between teachers
and neuroscience researchers should be prioritized. Establishing
platforms such as “industry-academia-research” project sites and
workshops can facilitate meaningful exchanges, allowing educators
to gain insights from cognitive neuroscientists and educational
researchers. The goal is to transform educators into “educational
engineers,” capable of translating the advancements made by experts
into practical applications within the classroom (Fischer, 2009;
Zadina, 2015).

Thirdly, as direct facilitators of student learning, in-service
teachers wield significant influence over students’ utilization
of neurotechnology. It is crucial for teachers to acquire a solid
foundation in neuroscience, enabling them to offer targeted guidance
to students on the effective use of neurotechnology. However,
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caution must prevail when interpreting and adopting the results
of neurotechnological assessments and predictions for students.
Students should never be reduced to mere categories or labels
based on these outcomes. Teachers must approach technology-
driven assessments and predictions from a positivist and empirical
standpoint, placing student-centered perspectives at the forefront
rather than relying solely on instrumental motives.

By providing multifaceted training in neuroscience, promoting
collaboration between educators and researchers, and fostering
a balanced approach to the use of neurotechnology, we can
empower teachers to navigate the dynamic landscape of
educational neuroscience. Through their expertise and ethical
conduct, teachers will cultivate an environment that maximizes
the benefits of neurotechnology while upholding the well-
being and individuality of each student. In summary, our study’s
findings are a catalyst for reform and transformation within the
realm of education. They underscore the need for comprehensive
regulation, ethically sound policies, and open deliberations.
By embracing these insights and involving all relevant
stakeholders, we can pave the way for a responsible integration of
neurotechnology in education—an integration that harnesses its
remarkable potential while safeguarding the well-being, privacy,
and future of our students.

Conflict of Interest

The authors of this article declare no conflict of interest.

Declaration of Generative Al and Al-assisted Technologies in
the Writing Process

During the preparation of this work the author(s) used
ChatGPT 3.5 in order to polish language. After using this tool, the
authors reviewed and edited the content as needed and take full
responsibility for the content of the publication.

References

Anderson, R. K., Boaler, J., & Dieckmann, J. A. (2018). Achieving elusive
teacher change through challenging myths about learning: A blended
approach. Education Sciences, 8(3), Article 98. https://doi.org/10.3390/
educsci8030098

Ba, S., & Hu, X. (2023). Measuring emotions in education using wearable
devices: A systematic review. Computers & Education, 200(3), Article
104797. https://doi.org/10.1016/j.compedu.2023.104797

Bevilacqua, D., Davidesco, I., Wan, L., Chaloner, K., Rowland, ., Ding, M., Poeppel,
D., & Dikker, S. (2019). Brain-to-brain synchrony and learning outcomes
vary by student-teacher dynamics: Evidence from a real-world classroom
electroencephalography study. Journal of Cognitive Neuroscience, 31(3),
401-411. https://doi.org/10.1162/jocn_a_01274

Bornstein, M. H., Jager, J., & Putnick, D. L. (2013). Sampling in developmental
science: Situations, shortcomings, solutions, and standards. Developmental
Review, 33(4), 357-370. https://doi.org/10.1016/j.dr.2013.08.003

Brukamp, K. (2013). Better brains or bitter brains? The ethics of
neuroenhancement. In E. Hildt & A. G. Franke (Eds.), Cognitive
enhancement: An interdisciplinary perspective (pp. 99-112). Springer
Netherlands. https://doi.org/10.1007/978-94-007-6253-4_9

Burstin, K., Doughtie, E. B., & Raphaeli, A. (1980). Contrastive vignette technique:
An indirect methodology designed to address reactive social attitude
measurement. Journal of Applied Social Psychology, 10(2), 147-165. https://
doi.org/10.1111/j.1559-1816.1980.tb00699.x

Butterworth, B., Varma, S., & Laurillard, D. (2011). Dyscalculia: From brain
to education. Science, 332(6033), 1049-1053. https://doi.org/10.1126/
science.1201536

Chen, C., & Wang, ]. (2018). Effects of online synchronous instruction with an
attention monitoring and alarm mechanism on sustained attention and
learning performance. Interactive Learning Environments, 26(4), 427-443.
https://doi.org/10.1080/10494820.2017.1341938

Davidesco, 1. (2020). Brain-to-brain synchrony in the STEM classroom. CBE Life
Sciences Education, 19(3), Article es8. https://doi.org/10.1187/cbe.19-11-
0258

Davidesco, 1., Matuk, C., Bevilacqua, D., Poeppel, D., & Dikker, S. (2021).
Neuroscience research in the classroom: Portable brain technologies in

education research. Educational Researcher, 50(9), 649-656. https://doi.
org/10.3102/0013189X211031563

De Jongh, R, Bolt, 1., Schermer, M., & Olivier, B. (2008). Botox for the brain:
Enhancement of cognition, mood and pro-social behavior and blunting
of unwanted memories. Neuroscience & Biobehavioral Reviews, 32(4),
760-776. https://doi.org/10.1016/j.neubiorev.2007.12.001

Desimone, L. M. (2009). Improving impact studies of teachers’
professional development: Toward better conceptualizations and
measures. Educational Researcher, 38(3), 181-199. http://doi.
0rg/10.3102/0013189X08331140

Diamantopoulos, A., Sarstedt, M., Fuchs, C., Wilczynski, P., & Kaiser, S. (2012).
Guidelines for choosing between multi-item and single-item scales for
construct measurement: A predictive validity perspective. Journal of the
Academy of Marketing Science, 40(3), 434-449. https://doi.org/10.1007/
s11747-011-0300-3

Dolen, G. (2015). Oxytocin: Parallel processing in the social brain? Journal of
Neuroendocrinology, 27(6), 516-535. https://doi.org/10.1111/jne.12284

Ergas, O., Hadar, L. L., Albelda, N., & Levit-Binnun, N. (2018). Contemplative
neuroscience as a gateway to mindfulness: Findings from an
educationally framed teacher learning program. Mindfulness, 9(6),
1723-1735. https://doi.org/10.1007/s12671-018-0913-4

Escobar, O. (2014). Upstream public engagement, downstream policy-
making? The brain imaging dialogue as a community of inquiry. Science
and Public Policy, 41(4), 480-492. https://doi.org/10.1093/scipol/sct073

Fischer, K. W. (2009). Mind, brain, and education: Building a scientific
groundwork for learning and teachingl. Mind, Brain, and Education,
3(1), 3-16. https://doi.org/10.1111/j.1751-228X.2008.01048.x

Fontanillo Lopez, C. A., Li, G., & Zhang, D. (2020). Beyond technologies of
electroencephalography-based brain-computer interfaces: A systematic
review from commercial and ethical aspects. Frontiers in Neuroscience,
14, Article 611130. https://doi.org/10.3389/fnins.2020.611130

Forlini, C., & Racine, E. (2012). Stakeholder perspectives and reactions
to “academic” cognitive enhancement: Unsuspected meaning of
ambivalence and analogies. Public Understanding of Science, 21(5), 606-
625. https://doi.org/10.1177/0963662510385062

Gabrieli, J. D. (2016). The promise of educational neuroscience: Comment
on Bowers (2016). Psychological Review, 123(5), 613-619. https://doi.
org/10.1037/rev0000034

Guttorm, T. K., Leppdnen, P. H., Poikkeus, A., Eklund, K. M., Lyytinen, P., &
Lyytinen, H. (2005). Brain event-related potentials (ERPs) measured at
birth predict later language development in children with and without
familial risk for dyslexia. Cortex, 41(3), 291-303. https://doi.org/10.1016/
S0010-9452(08)70267-3

Hiltrop, K., & Sattler, S. (2022). Parents’ perceptions on the debated
parenting practice of cognitive enhancement in healthy children and
adolescents. Journal of Cognitive Enhancement, 6(3), 373-388. https://
doi.org/10.1007/s41465-022-00243-w

Hook, C. J., & Farah, M. J. (2013). Neuroscience for educators: What are they
seeking, and what are they finding? Neuroethics, 6(2), 331-341. https://
doi.org/10.1007/s12152-012-9159-3

Howard-Jones, & Paul, A. (2014). Neuroscience and education: Myths and
messages. Nature Reviews Neuroscience, 15(12), 817. https://doi.
org/10.1038/nrn3817

Hyman, S. E. (2011). Cognitive enhancement: Promises and perils. Neuron,
69(4), 595-598. https://doi.org/10.1016/j.neuron.2011.02.012

lenca, M., & Andorno, R. (2017). Towards new human rights in the age of
neuroscience and neurotechnology. Life Sciences, Society and Policy,
13(1), 1-27. https://doi.org/10.1186/s40504-017-0050-1

Im, S., Cho, J., Dubinsky, ]J. M., & Varma, S. (2018). Taking an educational
psychology course improves neuroscience literacy but does not reduce
belief in neuromyths. PLoS One, 13(2), Article e0192163. https://doi.
org/10.1371/journal.pone.0192163

Jacobs, J., Miller, J., Lee, S. A., Coffey, T., Watrous, A. J., Sperling, M. R., Sharan,
A., Worrell, G., Berry, B., & Lega, B. (2016). Direct electrical stimulation
of the human entorhinal region and hippocampus impairs memory.
Neuron, 92(5), 983-990. https://doi.org/10.1016/j.neuron.2016.10.062

Janssen, T. W. P,, Grammer, J. K., Bleichner, M. G., Bulgarelli, C., Davidesco,
L., Dikker, S., Jasiriska, K. K., Siugzdaite, R., Vassena, E., Vatakis, A., Zion-
Golumbic, E., & van Atteveldt, N. (2021). Opportunities and limitations of
mobile neuroimaging technologies in educational neuroscience. Mind,
Brain, and Education, 15(4), 354-370. https://doi.org/10.1111/mbe.12302

Kadosh, R. C., Soskic, S., [uculano, T., Kanai, R., & Walsh, V. (2010). Modulating
neuronal activity produces specific and long-lasting changes in
numerical competence. Current Biology, 20(22), 2016-2020. https://doi.
org/10.1016/j.cub.2010.10.007

Klein, E., Goering, S., Gagne, ]., Shea, C. V., Franklin, R., Zorowitz, S.,
Dougherty, D. D., & Widge, A. S. (2016). Brain-computer interface-
based control of closed-loop brain stimulation: Attitudes and ethical
considerations. Brain-Computer Interfaces, 3(3), 140-148. https://doi.
0rg/10.1080/2326263X.2016.1207497

Leisman, G. (2022). Neuroscience in education: A bridge too far or one that
has yet to be built: Introduction to the “Brain goes to School”. Brain
Sciences, 13(1), Article 40. https://doi.org/10.3390/brainsci13010040

Li, L., Lu, X, Liang, H., & Liu, H. (2022). Neuroethics: Research status, major
issues and practical challenges. Studies in Science of Science, 1-12.
https://doi.org/10.16192/j.cnki.1003-2053.20220221.001


https://doi.org/10.3390/educsci8030098
https://doi.org/10.3390/educsci8030098
https://doi.org/10.1016/j.compedu.2023.104797
https://doi.org/10.1162/jocn_a_01274
https://doi.org/10.1016/j.dr.2013.08.003
https://doi.org/10.1007/978-94-007-6253-4_9
https://doi.org/10.1111/j.1559-1816.1980.tb00699.x
https://doi.org/10.1111/j.1559-1816.1980.tb00699.x
https://doi.org/10.1126/science.1201536
https://doi.org/10.1126/science.1201536
https://doi.org/10.1080/10494820.2017.1341938
https://doi.org/10.1187/cbe.19-11-0258
https://doi.org/10.1187/cbe.19-11-0258
https://doi.org/10.3102/0013189X211031563
https://doi.org/10.3102/0013189X211031563
https://doi.org/10.1016/j.neubiorev.2007.12.001
https://doi.org/10.1007/s11747-011-0300-3
https://doi.org/10.1007/s11747-011-0300-3
https://doi.org/10.1111/jne.12284
https://doi.org/10.1007/s12671-018-0913-4
https://doi.org/10.1093/scipol/sct073
https://doi.org/10.1111/j.1751-228X.2008.01048.x
https://doi.org/10.3389/fnins.2020.611130
https://doi.org/10.1177/0963662510385062
https://doi.org/10.1037/rev0000034
https://doi.org/10.1037/rev0000034
https://doi.org/10.1016/S0010-9452(08)70267-3
https://doi.org/10.1016/S0010-9452(08)70267-3
https://doi.org/10.1007/s41465-022-00243-w
https://doi.org/10.1007/s41465-022-00243-w
https://doi.org/10.1007/s12152-012-9159-3
https://doi.org/10.1007/s12152-012-9159-3
https://doi.org/10.1038/nrn3817
https://doi.org/10.1038/nrn3817
https://doi.org/10.1016/j.neuron.2011.02.012
https://doi.org/10.1186/s40504-017-0050-1
https://doi.org/10.1371/journal.pone.0192163
https://doi.org/10.1371/journal.pone.0192163
https://doi.org/10.1016/j.neuron.2016.10.062
https://doi.org/10.1111/mbe.12302
https://doi.org/10.1016/j.cub.2010.10.007
https://doi.org/10.1016/j.cub.2010.10.007
https://doi.org/10.1080/2326263X.2016.1207497
https://doi.org/10.1080/2326263X.2016.1207497
https://doi.org/10.3390/brainsci13010040
https://doi.org/10.16192/j.cnki.1003-2053.20220221.001

From Lab to Classroom: Teachers’ Perspectives on Neurotechnology Integration 1

MacNabb, C., Schmitt, L., Michlin, M., Harris, I., Thomas, L., Chittendon, D.,
Ebner, T. J., & Dubinsky, J. M. (2006). Neuroscience in middle schools: A
professional development and resource program that models inquiry-
based strategies and engages teachers in classroom implementation.
CBE—Life Sciences Education, 5(2), 144-157. https://doi.org/10.1187/
cbe.05-08-0109

Mason, R. A.,, & Just, M. A. (2015). Physics instruction induces changes
in neural knowledge representation during successive stages
of learning. Neuroimage, 111, 36-48. https://doi.org/10.1016/j.
neuroimage.2014.12.086

Maurer, U., Bucher, K., Brem, S., Benz, R., Kranz, F., Schulz, E., van der Mark,
S., Steinhausen, H., & Brandeis, D. (2009). Neurophysiology in preschool
improves behavioral prediction of reading ability throughout primary
school. Biological Psychiatry, 66(4), 341-348. https://doi.org/10.1016/j.
biopsych.2009.02.031

Mayer, R. E. (2017). How can brain research inform academic learning and
instruction? Educational Psychology Review, 29(4), 835-846. https://
doi.org/10.1007/s10648-016-9391-1

Meier, B. P, Dillard, A. ]., Osorio, E., & Lappas, C. M. (2019). A behavioral
confirmation and reduction of the natural versus synthetic
drug bias. Medical Decision Making, 39(4), 359-369. https://doi.
org/10.1177/0272989X19838527

Miiller, O., & Rotter, S. (2017). Neurotechnology: Current developments and
ethical issues. Frontiers in Systems Neuroscience, 11, Article 00093.
https://doi.org/10.3389/fnsys.2017.00093

Miiller, S., & Christen, M. (2011). Deep brain stimulation in Parkinsonian
patients—Ethical evaluation of cognitive, affective, and behavioral
sequelae. AJOB Neuroscience, 2(1), 3-13. https://doi.org/10.1080/2150
7740.2010.533151

Poulsen, A. T., Kamronn, S., Dmochowski, J., Parra, L. C., & Hansen, L. K.
(2017). EEG in the classroom: Synchronised neural recordings during
video presentation. Scientific Reports, 7, Article 43916. https://doi.
org/10.1038/srep43916

Poznanski, B., Hart, K. C, & Cramer, E. (2018). Are teachers ready?
Preservice teacher knowledge of classroom management and ADHD.
School Mental Health, 10(3), 301-313. https://doi.org/10.1007/s12310-
018-9259-2

Privitera, A.]. (2021). A scoping review of research on neuroscience training
for teachers. Trends in Neuroscience and Education, 24, Article 100157.
https://doi.org/10.1016/j.tine.2021.100157

Privitera, A. J., & Hao, D. (2022). Educational neurotechnology: Where do
we go from here? Trends in Neuroscience and Education, 29, Article
100195. https://doi.org/10.1016/j.tine.2022.100195

Richards, T. L., Berninger, V. W., Yagle, K. ]., Abbott, R. D., & Peterson, D.
J. (2017). Changes in DTI diffusivity and fMRI connectivity cluster
coefficients for students with and without specific learning disabilities
in written language: Brain’s response to writing instruction. Journal of
Nature and Science, 3(4), Article 350.

Roehrig, G. H., Michlin, M., Schmitt, L., MacNabb, C., & Dubinsky, J. M.
(2012). Teaching neuroscience to science teachers: Facilitating the
translation of inquiry-based teaching instruction to the classroom.
CBE Life Sciences Education, 11(4), 413-424. https://doi.org/10.1187/
cbe.12-04-0045

Ruggiero, F.,, Lavazza, A., Vergari, M., Priori, A., & Ferrucci, R. (2018).
Transcranial direct current stimulation of the left temporal lobe
modulates insight. Creativity Research Journal, 30(2), 143-151. https://
doi.org/10.1080/10400419.2018.1446817

Sample, M., Aunos, M., Blain-Moraes, S., Bublitz, C., Chandler, J. A., Falk,
T. H., Friedrich, 0., Groetzinger, D., Jox, R. ]., Koegel, ]., McFarland, D.,
Neufield, V., Rodriguez-Arias, D., Sattler, S., Vidal, F., Wolbring, G.,
Wolkenstein, A., & Racine, E. (2019). Brain-computer interfaces and
personhood: Interdisciplinary deliberations on neural technology.
Journal of Neural Engineering, 16(6), Article 063001. https://doi.
org/10.1088/1741-2552/ab39cd

Sample, M., Sattler, S., Blain-Moraes, S., Rodriguez-Arias, D., & Racine, E.
(2019). Do publics share experts’ concerns about brain-computer

interfaces? A trinational survey on the ethics of neural technology.
Science, Technology, & Human Values, 45(6), 1242-1270. https://doi.
org/10.1177/0162243919879220

Sattler, S., & Pietralla, D. (2022). Public attitudes towards neurotechnology:
Findings from two experiments concerning Brain Stimulation Devices
(BSDs) and Brain-Computer Interfaces (BCIs). PLoS One, 17(11), Article
e0275454. https://doi.org/10.1371/journal.pone.0275454

Schmied, A., Varma, S., & Dubinsky, ]J. M. (2021). Acceptability of
neuroscientific interventions in education. Science and Engineering
Ethics, 27(4), 52. https://doi.org/10.1007/s11948-021-00328-3

Schwartz, M. S., Hinesley, V., Chang, Z., & Dubinsky, ]. M. (2019). Neuroscience
knowledge enriches pedagogical choices. Teaching and Teacher
Education, 83, 87-98. https://doi.org/10.1016/j.tate.2019.04.002

Seghier, M. L., Fahim, M. A., & Habak, C. (2019). Educational fMRI: From the
lab to the classroom. Frontiers in Psychology, 10, Article 2769. https://
doi.org/10.3389/fpsyg.2019.02769

Simmonds, A. (2014). How neuroscience is affecting education:
Report of teacher and parent surveys. Wellcome Trust. https://
wellcomecollection.org/works/txqphp6g

Society for Neuroscience. (2009). Neuroscience research in education
summit: The promise of interdisciplinary partnerships between brain
sciences and education. University of California Irvine.

Suthana, N., & Fried, 1. (2014). Deep brain stimulation for enhancement of
learning and memory. Neuroimage, 85(part 3), 996-1002. https://doi.
org/10.1016/j.neuroimage.2013.07.066

The Royal Society. (2011). Brain waves module 2 neuroscience: Implications
for education and lifelong learning. The Royal Society, Science Policy
Centre.

Thomas, M. S. C.(2013). Educational neuroscience in the near and far future:
Predictions from the analogy with the history of medicine. Trends in
Neuroscience and Education, 2(1), 23-26. https://doi.org/10.1016/j.
tine.2012.12.001

Varma, S.,McCandliss, B.D., & Schwartz, D.L.(2008). Scientificand pragmatic
challenges for bridging education and neuroscience. Educational
Researcher, 37(3),140-152. https://doi.org/10.3102/0013189X08317687

Vaughn, A. R, Brown, R. D., & Johnson, M. L. (2020). Understanding
conceptual change and science learning through educational
neuroscience. Mind, Brain, and Education, 14(2), 82-93. https://doi.
org/10.1111/mbe.12237

Wang, J., Antonenko, P, Keil, A., & Dawson, K. (2020). Converging subjective
and psychophysiological measures of cognitive load to study the
effects of instructor-present video. Mind, Brain, and Education, 14(3),
279-291. https://doi.org/10.1111/mbe.12239

Wang, X., & Cheng, Z. (2020). Cross-sectional studies: Strengths,
weaknesses, and recommendations. Chest, 158(1S), S65-S71. https://
doi.org/10.1016/j.chest.2020.03.012

Yuan, R., & Lee, I. (2014). Pre-service teachers’ changing beliefs in the
teaching practicum: Three cases in an EFL context. System, 44, 1-12.
https://doi.org/10.1016/j.system.2014.02.002

Zadina, J. N. (2015). The emerging role of educational neuroscience in
education reform. Psicologia Educativa, 21(2), 71-77. http://doi.
org/10.1016/j.pse.2015.08.005

Zambo, D., & Zambo, R. (2011). Teachers’ beliefs about neuroscience and
education. Teaching Educational Psychology, 7(2), 25-41.

Zhang, Y., Qin, F, Liu, B, Qi, X., Zhao, Y., & Zhang, D. (2018). Wearable
neurophysiological recordings in  middle-school classroom
correlate with students’ academic performance. Frontiers in
Human Neuroscience, 12, Article 457. https://doi.org/10.3389/
fnhum.2018.00457

Zhu, Y., Leong, V., Pan, Y., Hou, Y., Zhang, D., & Hu, Y. (2021). Instructor-
learner neural synchronization during elaborated feedback predicts
learning transfer. Journal of Educational Psychology, 116(4), 1427-
1441. https://doi.org/10.1037/edu0000707


https://doi.org/10.1187/cbe.05-08-0109
https://doi.org/10.1187/cbe.05-08-0109
https://doi.org/10.1016/j.neuroimage.2014.12.086
https://doi.org/10.1016/j.neuroimage.2014.12.086
https://doi.org/10.1016/j.biopsych.2009.02.031
https://doi.org/10.1016/j.biopsych.2009.02.031
https://doi.org/10.1007/s10648-016-9391-1
https://doi.org/10.1007/s10648-016-9391-1
https://doi.org/10.1177/0272989X19838527
https://doi.org/10.1177/0272989X19838527
https://doi.org/10.3389/fnsys.2017.00093
https://doi.org/10.1080/21507740.2010.533151
https://doi.org/10.1080/21507740.2010.533151
https://doi.org/10.1038/srep43916
https://doi.org/10.1038/srep43916
https://doi.org/10.1007/s12310-018-9259-2
https://doi.org/10.1007/s12310-018-9259-2
https://doi.org/10.1016/j.tine.2021.100157
https://doi.org/10.1016/j.tine.2022.100195
https://doi.org/10.1187/cbe.12-04-0045
https://doi.org/10.1187/cbe.12-04-0045
https://doi.org/10.1080/10400419.2018.1446817
https://doi.org/10.1080/10400419.2018.1446817
https://doi.org/10.1088/1741-2552/ab39cd
https://doi.org/10.1088/1741-2552/ab39cd
https://doi.org/10.1177/0162243919879220
https://doi.org/10.1177/0162243919879220
https://doi.org/10.1371/journal.pone.0275454
https://doi.org/10.1007/s11948-021-00328-3
https://doi.org/10.1016/j.tate.2019.04.002
https://doi.org/10.3389/fpsyg.2019.02769
https://doi.org/10.3389/fpsyg.2019.02769
https://wellcomecollection.org/works/txqphp6g
https://wellcomecollection.org/works/txqphp6g
https://doi.org/10.1016/j.neuroimage.2013.07.066
https://doi.org/10.1016/j.neuroimage.2013.07.066
https://doi.org/10.1016/j.tine.2012.12.001
https://doi.org/10.1016/j.tine.2012.12.001
https://doi.org/10.3102/0013189X08317687
https://doi.org/10.1111/mbe.12237
https://doi.org/10.1111/mbe.12237
https://doi.org/10.1111/mbe.12239
https://doi.org/10.1016/j.chest.2020.03.012
https://doi.org/10.1016/j.chest.2020.03.012
https://doi.org/10.1016/j.system.2014.02.002
http://doi.org/10.1016/j.pse.2015.08.005
http://doi.org/10.1016/j.pse.2015.08.005
https://doi.org/10.3389/fnhum.2018.00457
https://doi.org/10.3389/fnhum.2018.00457
https://doi.org/10.1037/edu0000707

	OLE_LINK24
	OLE_LINK17
	OLE_LINK23
	OLE_LINK3
	OLE_LINK15
	OLE_LINK31
	OLE_LINK25
	_Hlk211557462
	_Hlk211558172
	OLE_LINK21
	OLE_LINK29
	OLE_LINK30
	OLE_LINK2
	_Hlk211722715
	OLE_LINK4
	_Hlk211722675
	_Hlk211727546
	OLE_LINK9
	OLE_LINK12
	OLE_LINK11
	OLE_LINK28
	OLE_LINK13
	OLE_LINK14
	_Hlk211814711
	OLE_LINK6
	OLE_LINK16
	_neb81FF7840_5CFE_46B1_ADFC_26147DDE597A
	_nebAD4EC49D_9DB7_4882_882B_28A9F0A9ED1C
	_neb7D03292C_D4CB_45FD_95A9_58CA02B30C49
	_nebB6743F18_A4E1_4216_A30F_E6A94E5C4BF2
	_nebF3D7E172_A7D9_41E0_B689_8B18EE4B24CD
	_nebC961E4C9_FB7D_46AF_AEF7_4EC3B3C2587D
	_neb61FD037B_7808_4F02_B0A4_B799AE96573F
	_nebD6313202_C295_4A74_A7C0_346CC1FDA09A
	_neb1FC554ED_5D71_4E2E_ADCB_2AA781D43BD2
	_neb5D31E402_0C23_4196_A256_2B6B39A55520
	_nebD0CA9E80_09AF_4490_95BE_887F119DCD1E
	_nebAA6F1E75_5FFC_4748_8FBE_11ED3DB046FF
	_neb73E31D55_C361_4EB7_AE58_42BF6CACC31C
	_neb0EE76F3A_BC21_482E_BFA1_840B0AC474CF
	_neb193BC6BB_6D49_429B_A681_0699E6B58E57
	_nebE3988F45_818D_4FEC_9636_4CDC8B28D250
	_neb3A462DE0_6E01_44BE_81C7_4FF6C4FB51B0
	_neb2143ED6C_70FC_497B_8FD6_D7A74FE59B66
	_neb10197536_7CD2_4BE5_B298_4588E83A0DB8
	_neb579A5DF0_00B7_4A74_A801_5AFC3AA88359
	_neb3FA1C6F3_4FCD_43BC_A319_9A0A3041E8D3
	_nebDAD62B0C_C3BF_46AE_90F3_2600DCA44EF3
	_neb5A321AE5_E017_436C_8184_FDCC387015E2
	_neb7E8B1646_A18F_4BC4_BE1C_FE4E9DD5D85C
	_nebF461F608_CE83_44E2_AAD5_9F6FFBC0FEFD
	_neb3384397E_4497_4EE9_8290_7FAAE5E61A67
	_neb25DE43F0_2E78_4C2B_B309_6D5217A16449
	_nebAE9506BC_C87F_4E5C_AA05_194270B475C9
	_nebD4BD8D0A_96FE_4825_9A99_4CB4CAE0DFBD
	_nebD634B93B_011A_4AD4_8877_3BFFC37E36D9
	_nebD6EE094C_0D5B_47BE_B611_7A459320A29C
	_nebD2FDC5A2_23BE_400A_9608_F180871A1232
	_neb420E2015_E55A_4CAF_B26C_8058265379C3
	_neb25C04E1B_E98F_4C0F_A170_F5F3F8CE216C
	_nebEA1F662F_554D_44E8_ADBA_A597DE56CF74
	_nebDB3B635D_3097_4A0C_A048_3D1482E029DA
	_nebE7FB4361_105E_4BDA_A719_C96C5C02CE22
	_neb390815E3_BF2A_4384_B289_6590F6ABE2D5
	_neb8C71E16D_4297_42BC_A757_046BA96FD490
	_Hlk211557504
	_nebEDDF6EE0_0934_49A6_903A_DB28D37B7CD2
	_nebE4241557_64AE_492D_A62A_A78688C000DF
	_nebE1243331_C880_4502_B51B_D39AD66A3BB2
	_neb0D8606A0_9B97_4DDE_B7E7_EF328F1DE450
	_neb5285BFCB_8FEB_4255_B2CA_4DB0991A5B2F
	_neb7553222E_8A42_460F_B47F_1310D0EA706E
	_nebC788CC9E_3D14_4158_BB24_7B71522671AC
	_neb767D3424_4F1A_4FAB_84DC_5B4A05AA1CD9
	_nebC5DF54C8_6385_451A_BA70_A7295305466D
	_neb15F14377_E8E7_4FB2_B732_212415E3B141
	_nebEC7D02AB_0762_4538_834C_DDEA285FFAA8
	_nebEF971B6D_A991_457E_B7FC_5EC52CA3242A
	_nebFBC12CFB_5DA9_4174_A545_1C5FAB14974B
	_nebAFBCC665_B8F5_4B4D_8128_AE69CF1058F4
	_nebA65D6B82_4DFA_467B_B4B9_D9E739E83021
	_neb020B425A_7E6F_4021_A826_C395A3525327
	_neb168ADDEC_B9C5_49B9_9037_D8F9D56DDC50
	_nebF4433673_A3C8_44A7_A1A9_AC422E5EC56D
	_nebE04F354F_B780_4B63_B990_3FC472EB1132
	_Hlk211557525
	_neb7D057AE1_AB51_417C_AA0A_767DAA6DE9A4
	_neb6D3AA47E_AE2E_4718_97F8_6347CDCD869B
	_nebEFFCC10F_E440_4D52_A105_AC1CE524DBFF
	_nebFEA7FA08_B91F_4059_A26A_D841A47574C3

