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ABSTRACT

Background: Advances in neuroscience and neurotechnology provide great benefits to 
humans though unknown challenges may arise. We should address these challenges using 
new standards as well as existing ones. Novel standards should include ethical, legal, and 
social aspects which would be appropriate for advancing neuroscience and technology. 
Therefore, the Korea Neuroethics Guidelines were developed by stakeholders related to 
neuroscience and neurotechnology, including experts, policy makers, and the public in the 
Republic of Korea.
Method: The guidelines were drafted by neuroethics experts, were disclosed at a public 
hearing, and were subsequently revised by opinions of various stakeholders.
Results: The guidelines are composed of twelve issues; humanity or human dignity, 
individual personality and identity, social justice, safety, sociocultural prejudice and public 
communication, misuse of technology, responsibility for the use of neuroscience and 
technology, specificity according to the purpose of using neurotechnology, autonomy, 
privacy and personal information, research, and enhancement.
Conclusion: Although the guidelines may require a more detailed discussion after 
future advances in neuroscience and technology or changes in socio-cultural milieu, the 
development of the Korea Neuroethics Guidelines is a milestone for the scientific community 
and society in general for the ongoing development in neuroscience and neurotechnology.

Keywords: Neuroscience; Neurotechnology; Neuroethics Guidelines; Ethical Aspect;  
Social Aspect; Legal Aspect

INTRODUCTION

Neuroscience and neurotechnology are developing rapidly, as a result, the functions of 
the brain are being revealed. Neuroscience refers to a scientific approach that pursues a 
systematic understanding of the structure and function of the nervous system in humans 
and animals, and neurotechnology is a technology to observe, evaluate, access, and control 
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the nervous system based on this scientific understanding. ‘Neuroscience’ is the study of 
molecules, cells, development, structure, function, evolution, computer connections, and 
medical aspects of all nervous systems including the brain. ‘Neurotechnology’ includes 
fields such as brain nervous system imaging, neuromodulation technology, brain-machine 
interface (BMI), and collection, storage, and processing of neural information or related 
information. Discovering the underlying principles of the brain functions is the ever-
seeking goal of the majority of neuroscientists. Such innovative advances in neuroscience 
and neurotechnology are expected to result in interventions that have previously been 
impossible in human disease treatment and health promotion. The understanding of human 
beings must be re-evaluated via new facts regarding important aspects, including the 
relationships between thoughts, emotions, and behaviors, as well as personal and socio-
cultural perceptions. Neuroscience and neurotechnology research and development provide 
significant benefits to society and individuals, and large-scale investments are being made at 
the national level for this purpose.

In the light of the investment, development, and impact of neuroscience and technology, new 
issues and considerations must be addressed. The field of neuroethics, which includes the 
Responsible Research and Innovation (RRI) and Ethical, Legal, and Social Implication (ELSI) 
approaches, is essential to address these new issues.1-3 The advancement of neuroscience 
and neurotechnology and application of these novel developments to patients or research 
subjects requires new ethical, legal, and social discussions that have not yet been addressed. 
These issues are of important significance for individuals and society as a whole.

The basic principles of bioethics that humankind must follow at an international level have 
been declared in the 1947 Nuremberg Code, the 1964 Declaration of Helsinki adopted by the 
World Medical Association, and the 2005 “Universal Declaration on Bioethics and Human 
Rights” by the United Nations Educational, Scientific, and Cultural Organization. The status of 
recently published research regarding neuroethics, guidelines, and reports is presented below.

From 2006 to 2020, approximately 22 neuroethics guidelines and reports have been 
published targeting various stakeholders including researchers, research volunteers, medical 
staff, professional institutions, and policy makers with the participation of international 
organizations such as the Organisation for Economic Co-operation and Development; 
countries including the European Union, the United States, United Kingdom, and Japan; 
and various private organizations.4 The neuroethical recommendations presented in these 
guidelines and reports focused on ethical, legal, and social issues and were published 
regarding the entire field of neuroscience and technology. Guidelines and recommendations 
regarding specific neurotechnologies (such as non-invasive neuromodulation and brain-
machine interfaces) have also been published. The publications discuss autonomy, identity, 
informed consent and capacity, privacy and data protection, governance, patient selection 
criteria, justice and equity, legal responsibility, assessments of safety and efficacy, medical 
and non-medical uses, neuro-economics, enhancement, and research.

Since the 1998 enactment of the “Brain Research Promotion Act” in Korea, research has 
been conducted at a national level with the establishment of the “First Basic Plan for Brain 
Research Promotion” in 1999, the “Second Basic Plan for Brain Research Promotion” in 2007, 
and the “Third Basic Plan for Brain Research Promotion” in 2018. According to Articles 5 
and 6 of the Brain Research Promotion Act, related ministries such as the Ministry of Science 
and ICT; the Ministry of Education; the Ministry of Trade, Industry, and Energy; and the 
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Ministry of Health and Welfare must establish and implement the ‘Brain Research Promotion 
Implementation Plan’ every year. In 2009, the Korea Brain Research Institute was established 
based on the same law, and the national brain research strategy policy was established by the 
Brain Research Policy Center affiliated with the institute. This institute plays an active role 
in the field of international neuroethics and hosted the Global Neuroethics Summit (GNS) 
in Korea in 2017, 2018, and 2019. The GNS is an event hosted by the International Brain 
Initiative (IBI). Several countries worldwide participate in the IBI and GNS.

The discussion regarding neuroethics requires international exchanges and cooperation. 
The most prominent global activities regarding neuroethics include the brain neuroethics 
consortium of the Global Neuroethics Working Group of the International Brain Initiative. 
The working group discussions include strengthening the integration and cooperation 
between neuroscience and neuroethics, which is continuously researched by experts.5

With continuous research and applications of neuroscience and neurotechnology, novel 
challenges regarding personality, autonomy, enhancement, and privacy protection may arise. 
While existing ethical standards may be useful to overcome these challenges, new ethical, 
legal, and social standards may be needed at times. These challenges must be addressed 
with the participation of neuroscientists, medical practitioners, ethicists, philosophers, 
sociologists, jurists, lawyers, and other stakeholders. To achieve responsible innovation 
during this process, cooperation between the government and public and private sectors is 
required. An open discussion of the best blueprint for the future based on advancements in 
neuroscience and neurotechnology can then occur.

However, existing international guidelines are generally too abstract or limited to specific 
technologies. So, it is necessary to examine the characteristics of neuroscience and 
neurotechnology more sensitively in ethical, legal, and social aspects. As part of this effort, 
the establishment of the Korea Neuroethics Guidelines was achieved with the participation of 
researchers, experts, and the general public with government research support.

METHODS

The development of the Korea Neuroethics Guidelines employs ELSI methodology based 
on a comprehensive literature review and analysis of existing guidelines, relevant laws and 
regulations, scientific articles, and expert reports.6 The ELSI methodology began with the 
Human Genome Project and was established as one of the most standard approaches to 
assessing and preparing the impact of novel science and technology on individuals and society 
at large. The guidelines development was initiated by a number of neuroethics experts affiliated 
with Neuroethics Research Society under the Korean Bioethics Association, and they created a 
guidelines development team in October 2020. The team was composed of neuroethics experts 
with backgrounds in the fields of medicine, neuroscience, law, and ethics.

The guidelines were established through the following process. For the literature review, 
existing neuroethics guidelines, major guidelines concerning biomedical ethics and research 
ethics, relevant laws and regulations, scientific articles regarding advancing neuroscience 
and neurotechnology7-10 and expert reports on various neuroethical problems were searched, 
collected, sorted out, and classified according to the time of publication, addressing 
stakeholders, guidelines authors, and the kinds of technology.11 With these classifications the 
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team identified more than twenty neuroethical issues which were mentioned and discussed 
repeatedly in the literature review. Based on the criteria of significance and timeliness of 
the issue, and possibility and potential severity of human impact, all those issues were 
analyzed, and twelve issues were finally selected. Then the team coded the issues according 
to the ethical, legal, social and mixed aspects. Issues related to humanity, human dignity, 
personality and identity of an individual were included in ethical aspects. Issues related to 
legal responsibility and issues related to safety, social prejudice and public communication 
were included in legal and social aspects respectively. Those issues concerning multiple 
aspects were included in mixed aspects.

Based on these review and analysis the draft of the guidelines was prepared by the team in 
December 2020. The draft was constantly revised by the team members until the disclosure 
at a public hearing in September 2021. The draft was circulated among neuroethics experts 
associated with the Neuroethics Research Society under the Korean Bioethics Association, 
and some of them returned their comments. For the public hearing at least one representative 
from each of the fields of neuroscience, medicine, law, and ethics was invited and actually 
participated. It was organized by the guidelines development team and was sponsored by the 
National Research Foundation of Korea and the Korean Institute of Criminology and Justice. 
Participants of the public hearing were diverse including neuroscience researchers, medical 
doctors, nurses, neuroethics experts, biomedical and research ethics experts, medical 
educators, opinion leaders in the fields of medicine and professional academic associations, 
and lay people. All the representatives from various fields stated their concerns with the draft 
in the hearing. Their common concerns were the vagueness or strictness of the guidelines 
draft. Some parts of the guidelines were not clear enough for definite action guidance in 
specific situations and some parts of them were too strict that it might dampen neuroscience 
researchers’ spirits and thwart neuroscience research all together. The draft was thoroughly 
revised according to these concerns and other suggestions from the representatives 
and participants of the hearing. The guidelines were finally confirmed by the guidelines 
development team with the aforementioned criteria, and were made public in July 2022.

RESULTS

The neuroethics guidelines were classified as ethical, legal, or social aspects, and overlapping 
items included in each aspect were determined (Fig. 1). Whether each issue is more of an 
ethical, legal, or social aspect is only a schematic distinction as no issue truly involves only 
one aspect. Nevertheless, for the convenience of discussion, the issues were tentatively 
classified based on the weight of major concern for each issue.

The target audience of the guidelines is experts or institutions including researchers, 
neurotechnology developers, and medical personnel in the neuroscience and 
neurotechnology fields (collectively referred to as “experts”), corporate decision makers, 
companies, policy makers, and regulatory authorities. The end users of the guidelines may 
include patients and general consumers, though the term “users” in these guidelines refers to 
medical personnel or professionals who apply neurotechnology to patients.

Ethical aspects
Humanity or human dignity
New science and technology developments create new possibilities, hopes, and a reality 
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that did not previously exist, though challenges are also created. Some challenges are 
unpredictable. The brain is a major organ that controls human cognition, emotion, 
will, behavior, and consciousness, which are the main characteristics of humanity. 
If the development of neuroscience and neurotechnology affects them, it must be 
carefully considered and accessed. Furthermore, novel neurotechnology may affect these 
characteristics directly and more powerfully than existing technologies.12-14 Human cognition 
and emotion can be changed via education and public opinion. However, if neuroscience 
and neurotechnology can directly improve human cognition or alter emotions in a positive 
manner over a short period of time, these changes would differ from existing methods of 
affecting cognition and emotion. Therefore, the impact of neuroscience and neurotechnology 
on humanity should be reviewed and the level and extent of the impact should be evaluated.

In addition, advances in neuroscience and neurotechnology may affect human dignity. As 
rationality or autonomy, which is typically presented as the basis of human dignity, presupposes 
appropriate cognition, emotion, will, and behavior, factors affecting these functions may also 
lead to changes in rationality or autonomy. Therefore, the main characteristics of changes 
in rationality or autonomy occurred due to neuroscience and neurotechnology as well as the 
impact of these changes on individuals and society should be examined in detail.

However, humanity and human dignity have different meanings in different societies and 
cultures. Therefore, if neuroscience and neurotechnology can influence the existing concepts 
and understanding of humanity or human dignity, socio-cultural conflicts or conflicts of 
interest may arise. Thus, communication procedures should be established to properly 
mediate such conflicts.

Individual personality and identity
If newly developed neurotechnology results in obsessive thoughts or behaviors that one 
cannot control or in different emotional states, it influences an individual’s identity. In 
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Fig. 1. Core structure and specifics of neuroethics guidelines.



addition to identity, neurotechnology can influence an individual's ability to act or her/his 
subjective experience and perception of the surrounding environment.15,16 Neurotechnology 
can affect an individual’s identity and agency by specifically affecting individual cognition, 
emotion, memory, and will. Therefore, new theoretical approaches regarding an individual’s 
identity and ability to act may be needed. A fundamental reflection of the definition of 
personal identity and agency may be also necessary.

When an individual’s identity or ability to act is affected by neurotechnology, whether or 
not their identity or agency should be recognized as their own identity or agency should be 
determined.17 When the individual identity is formed using neurotechnology, it is unclear 
whether treatment or consumption decisions made by the individual can be recognized as 
their own decisions.

Therefore, when neurotechnology to be applied to patients or research subjects, experts 
must provide adequate and sufficient information regarding the overall effects, including the 
impact of the neurotechnology on an individual’s identity, and research subjects or patients 
should decide whether to use the neurotechnology after understanding the overall short- and 
long-term effects. If the neurotechnology affects an individual’s identity or ability to act, a 
consent procedure to provide relevant information should be prepared in advance.

In addition, experts must objectively evaluate the effect of new technologies on personal 
identity according to professional conscience. If the effect is estimated to be significant, the 
neurotechnology must be re-evaluated according to a pre-established procedure. Experts 
must confirm the effects of neurotechnology on an individual’s identity or behavioral ability 
via empirical research. If a specific neurotechnology affects human identity, regulatory 
authorities and relevant industries must adopt the licensing of the neurotechnology or 
consider its commercialization with caution.

Social aspects
Safety
Advances in neuroscience and neurotechnology renew the understanding of nervous system 
diseases and symptoms. However, these advances may also present unpredictable risks to 
research subjects and patients. Therefore, when using neuroscience and neurotechnology 
on human subjects, safety must be given priority.10 When new neurotechnology is used on 
humans, the risks and long and short-term effects must be considered.18

Ensuring the physical, psychological, and emotional safety of human subjects in 
neuroscience research and during the use of novel technologies must have the top priority. 
A thorough investigation and review of safety, focusing on short- and long-term side effects 
should be conducted, and safety evaluation standards should be prepared. As the long-
term side effects and risks are unclear in using novel devices, sufficient research must be 
conducted prior to their use.19

The safety of novel neuroscience and neurotechnology should be evaluated in terms of 
foreseeable benefits and risks. If their risk is low, they can be considered to be relatively 
safe, but their long-term effect should always continue to be reviewed. This should not 
be interpreted as an unconditional ban on the use of new neuroscientific methods and 
technologies; instead, it should enable society to continuously contemplate and discuss 
criteria that can allow or promote neuroscience and technology.20
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Sociocultural prejudice/public communication
During the development of neuroscience and technology, pre-existing sociocultural prejudices 
may affect the understanding and interpretation of new advances. Incomplete information 
generated during the early stages of neuroscience research may create new social prejudices 
or deepen existing social biases. Therefore, the use of new neuroscientific discoveries and 
technologies should avoid methods that result in negative evaluation, prejudice, or social 
stigmas to specific individuals or groups. In addition, existing socio-cultural prejudices cannot 
be used to interpret novel neuroscientific findings or to use new technology.

Neuroscience and neurotechnology researchers must explain and promote their research 
achievements within a scientifically acceptable range. Care must be taken not to cause 
misunderstandings and to avoid errors in over-generalization when communicating with the 
public regarding new advances.

The public’s understanding of neuroscience and neurotechnology is a critical component 
in supporting neuroscience research and neurotechnology development. To help the public 
understand novel advances, education programs with citizen participation should be 
prepared.21 A communication system should be also established to discuss topics related to 
neuroscience and neurotechnology at any time.

The media significantly influences the public's understanding of neuroscience and 
neurotechnology.22 Therefore, relevant experts should not give advice to the media in a way 
that may cause distortion or exaggeration. Researchers should not unreasonably advertise 
their achievements via the media. Furthermore, the media is responsible for reporting the 
achievements in neuroscience and neurotechnology without distortion or exaggeration.

As the understanding of brain functions becomes more detailed with new advances, social 
and cultural prejudices should be avoided by considering neurodiversity.23 Brain functions 
that are considered to be so called ‘normal’ may vary; therefore, normal brain function 
should not be considered to be fixed as well as brain function that deviates from normal 
should not be considered to be abnormal. These behaviors should be avoided from the stage 
of research planning through that of interpreting the results to that of applying technology.24

Legal aspects
Responsibilities for the use of neuroscience and technology
Prior to discussing the issue of liability associated with the use of neurotechnology, it is necessary 
to discuss whether neuroscience and neurotechnology are changing the notion of liability. 
The basic framework and requirements of the normative concept of legal responsibility will 
not change with the development of neuroscience and technology. However, neuroscience 
and neurotechnology can be used as strong evidence in the process of normative judgment for 
attributing responsibility, and the specific criteria for judgment should be reviewed continuously.

The effects of neuroscientific performance and neurotechnology on patients, consumers, 
and research subjects should be reviewed in advance of the use of novel technology. Harm to 
patients, consumers, and research subjects should be avoided. Detailed investigations are, 
therefore, required and then appropriate actions should be carried out if harm occurs.

Various parties are responsible for problems that occur with the use of neurotechnology, 
including the researchers, developers, and manufacturers of the technology (vendors, 
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medical personnel, medical institutions, consumers, patients, and the state). Therefore, 
it is necessary to identify the results of the use of novel neuroscience methods and 
neurotechnologies, to prove a causal relationship, and to clarify the responsibility in detail. 
The assignment of responsibility must be thoroughly examined in each case. It is necessary 
to consider all relevant parties as a responsible agent and to review whether each of them is 
responsible for each act. In some events, the state may be liable for compensation.25

However, even when responsibility is assigned to each agent, a causal relationship, which is 
needed to impose responsibility, may be difficult for the patient or customer to prove, due 
to their lack of information or expertise. If the responsibility does not lie with a patient or 
a consumer, it is necessary to consider a system that relieves the proof burden of a causal 
relationship or proves it from their perspective, so that they may not be harmed due to others’ 
evasion of responsibility as well as in the process of identifying the responsible party.26

Apart from the clear identification of responsibility, if the responsible party or the scope 
of liability for side effects and damage is too large, it can adversely affect the motivation of 
those who want to develop and use neurotechnology. To prevent a defensive attitude of the 
user, a new insurance system for unexpected damage or side effects should be developed.27 
In addition, it is necessary to establish a system and procedure that can prevent and manage 
problems before such problems arise.

Specificity according to the purpose of neurotechnology
Neurotechnology can be used for a variety of purposes, including medical, commercial, 
military, and legal purposes. According to each purpose, it is necessary to review and confirm 
the facts and conditions to be considered prior to the use of neurotechnology.

The use of neurotechnology for medical purposes may or may not be a standard treatment. 
When a certain technology used as the standard treatment, medical personnel must faithfully 
fulfill their duty of explaining the use of the neurotechnology, obtaining informed consent 
based on the patient’s full understanding, and paying close attention to the medical practice 
and to the use and management of medical devices. In addition to the opinions of experts 
of the relevant medical fields, the socioeconomic and psychological aspects of the use of 
neurotechnology should also be considered, and, furthermore, an integrated and collaborative 
approach should be promoted. When the neurotechnology does not correspond to the standard 
medical treatment and is used for humanitarian purposes, medical personnel must continue 
to explain its use to the patient, obtain an informed consent, and pay attention to the use and 
management of the medical device. Especially for desperate patients having no other options, 
treatment should not be attempted indiscriminately without considering the harm to them.28-30

When neurotechnology is used for commercial purposes, developers, manufacturers, 
and vendors should not exaggerate the safety and efficacy of the applied technology. 
Appropriate regulations and management are required against exaggerations supported by 
manufacturers or sellers. In this case, if neurotechnology is used non-medically, the medical-
related regulations are not applied, and the general consumer product-related regulations 
may be applied. However, it may be treated to be similar to the case of medical use, as 
neurotechnology specifically affects the brain and nerves.8,31,32

The military use of neurotechnology must follow specific and clear regulations, and a 
management system and procedure must also be established. When conducting research or 
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using neurotechnology that contains elements that violate human rights, a legal system to 
prohibit such use should be established.

When neurotechnology is used for correctional purposes, several prerequisites regarding other 
correction methods must be met. Neurotechnology used for correctional purposes must not 
be irreversible and its efficacy must be scientifically proven. The use of neurotechnology must 
be imposed on criminals via a just and due process. In addition, as the purpose of such use of 
neurotechnology would be to prevent re-offenders and to correct criminals, these uses must 
comply with the principle of proportionality in legislation and enforcement.33

After the use of neurotechnology for any purpose, records must be prepared and kept, side 
effects must be tracked and monitored, and personal information must be managed and 
protected. A management and supervision system should be prepared for the alleviation of 
side effects and for the protection of personal information.

Mixed aspects
Autonomy
If advances in neuroscience and neurotechnology affect higher mental functions such as 
cognition, emotion, and will, the impact of such developments must be examined. When 
new technologies affect cognition, emotion, and will, an individual's autonomy and decision-
making ability may also be affected.34 In addition, the concept of autonomy is not fixed, but 
can be understood and interpreted differently depending on the characteristics and context 
of the society and the interactions between its members. For example, some elderly patients 
in Korea often allow family members to make medical decisions. While these patients 
may have given up their right to make decisions, they may be viewed as expressing their 
desire to make a decision in consultation with their family. Therefore, as neuroscience and 
neurotechnology continue to advance, a fundamental approach and review regarding the 
form and content of individual autonomy is necessary.

When applying new neurotechnology to humans for research purposes or applying 
commercialized neurotechnology for treatment, informed consent must be obtained. The 
application of the novel neurotechnology should be a voluntary decision made by the patient. 
When neurotechnology to be applied to a research subject or patient, an expert must provide 
appropriate and sufficient information regarding the effects of the technology, and the 
research subject or patient must understand the overall impact including potential short- and 
long-term effects prior to the application of the technology. Research subjects or patients 
should be allowed to withdraw from research participation or treatment at any time, even if 
the study or treatment are ongoing.

Experts should carefully evaluate the ability of research subjects or patients to consent if they are 
unable to communicate, are minors, or have reduced decision-making ability. Decision-making 
ability should not be assessed solely on the basis of pre-existing diseases or temporary conditions. 
Instead, decision-making ability should be evaluated in a variety of ways using methods that 
optimize the ability rather than via a single evaluation. If the ability of the research subject or 
patient to consent is clearly impaired, sufficient information and support should be provided to 
her/his family members or legal representatives so an appropriate proxy decision can be made.

Experts should assure that the use of neuroscience and neurotechnology is voluntarily chosen 
by the consumer, not coerced by others, businesses, or communities. If the solicitation of 
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another person, company, or community is voluntary, the use of the neurotechnology is 
acceptable. However, the influence of solicitation regarding the use of new neurotechnology 
on the individual's autonomous decision should be carefully reviewed.

Relevant experts and scholars should identify and discuss ethical, legal, and social issues and 
issues that may arise from neurotechnology that affect individual autonomy. In addition, a 
response system based on a social consensus should be established. Government agencies 
should also cooperate one another in these efforts.

Privacy and personal information
Devices that measure the neuronal activity of the brain or stimulate specific areas of 
the brain are currently in use. There are efforts to achieve effective brain stimulation by 
monitoring pathological biomarker signal in the brain.35 However, with further advances in 
neuroscience, the abilities to induce a change in an individual’s specific cognition, emotion, 
or will may be possible by applying brain stimulation for clinical and commercial uses.36 The 
use of these technologies for personal purposes or corporate commercial ones or for national 
interest like surveillance purposes will be highly controversial.

Therefore, if an individual does not want his or her mental state to be accessed, a system 
and a method to properly protect neuroprivacy should be developed to deny such access. 
Neuroprivacy refers to the right to deny unauthorized access to an individual's neural 
information.37 However, these general regulations alone cannot constitute a system and 
a method that can adequately protect neuroprivacy; a detailed plan regarding how an 
individual’s neuroprivacy can be protected is needed.

Human beings benefit greatly from the development of novel devices and procedures, though 
care must be taken not to allow undue invasion or undue influence on individuals, especially 
undue invasion of personal privacy and confidentiality. When an individual discloses his/her 
personal information at his/her own will, this information must be protected appropriately. 
The principle of personal information protection must be strictly enforced, even when 
personal information is obtained for secondary use.

Furthermore, if neurotechnology can be used to measure and interpret an individual’s brain 
signals without the individual’s awareness, it will be necessary to thoroughly review the 
concepts of privacy and protection of privacy, which were established on the premise that 
access or interference from others can be controlled. As information collected from the brain 
may be used by others before the owner of such information can determine the content and 
scope of the information disclosed, it is necessary to reconsider the content and scope of 
the right to make decisions regarding personal information. It is also necessary to discuss 
whether advances in neuroscience and neurotechnology require additional rights regarding 
privacy and personal information protection.

With future advancements in neuroscience and neurotechnology, the right to make one’s 
own decisions regarding neuroprivacy and neural information protection will emerge as an 
important issue. A new set of rights may emerge in relation to neural information. Therefore, 
it is necessary to understand the ethical, legal, and social issues related to neuroprivacy and 
neuroinformation and to prepare a response system based on the consensus reached via a 
discussion with members of society.
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Social justice
While advances in neuroscience and neurotechnology may create new inequalities 
or exacerbate existing ones, they may also alleviate existing inequalities. Problems of 
social justice that can be brought on by neuroscience and neurotechnology may lead to 
both negative and positive outcomes in our society; therefore, a balanced approach and 
consideration are needed. If human functions can be augmented using neurotechnology and 
only certain socioeconomic classes receive the benefits of these technologies, it will lead to 
social inequality.38

As such, neuroscience and neurotechnology can be positive or negative depending on 
the purpose, procedure, or standard for which they are used within a society. Conducting 
research or using neurotechnology that may result in disadvantages such as social prejudice, 
stigma, or discrimination should be avoided.

In addition, when neuroscience research and neurotechnology developments are conducted 
using public funds, the outcomes and the uses of such research and neurotechnology 
must be public in their nature. Therefore, neurotechnology developed using public funds 
should be fairly accessible to all members of society, and the researcher’s efforts should be 
evaluated fairly.

Misuse of technology
Neurotechnology has the potential to be used for any purposes other than its intended use 
(neuroscience and technology developed for medical purposes can be used for commercial or 
military purposes; neurotechnology developed for commercial purposes could also be used 
for military purposes), though this should be avoided as much as possible. The misuse of 
neurotechnology must also be avoided. Prior to the use of neurotechnology, it should be verified 
that no human rights will be violated. In particular, the use of neurotechnology for military 
purposes must be limited with careful consideration of its misuse or abuse. A management and 
monitoring system must be established at the national and international level.24

Research
Neuroscience research and neurotechnology development are sometimes accompanied with 
human subjects or human driven materials. During the research process, an understanding of 
ethical principles and legal regulations regarding obtaining informed consent, the protection 
of personal information, and the secondary use of collected information is essential. 
Therefore, it is necessary to develop a system that makes such education compulsory.

With the rapid development of neuroscience and technology, existing laws and their 
sub-regulations cannot properly regulate research regarding some novel drugs, medical 
devices, and medical interventions. Therefore, the relevant laws and sub-regulations must 
be reorganized, which may also require changes to ethical, legal, and interdisciplinary 
meanings.39 Specific neuroscience research may be deemed unethical or illegal, and the 
requirements for acceptance must be determined. Interdisciplinary discussions may be 
needed at the beginning in the research planning stage so that individual or social biases 
may not interfere with the design and conduct of research and so interdisciplinary concepts 
may be communicated smoothly. In addition, various understandings and interpretations 
of concepts that contain the uniqueness of each society and culture must also be considered 
during the entire research planning and execution.
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The moral status of the human brain model developed for neuroscience research, such as a 
brain organoid, must also be reviewed. Moral concerns should be handled appropriately.24 A 
new ethical standard or governance that can respond to such concerns is necessary.

Enhancement
Human enhancement is commonly defined as being contrast to therapy. Enhancement is the 
use of medical interventions (pharmacological, surgical, or biotechnological interventions) 
in order to enhance the physical, mental, and cognitive functions of a healthy person beyond 
prevention and treatment.40,41 However, treatment can be flexible according to the society, 
culture, and era in which it is conducted, and the same medical intervention can be used 
for treatment or for enhancement. Therapeutic medical interventions may also result in 
enhancement. Therefore, it is difficult to clearly distinguish treatment from enhancement. 
Thus, the fluid relationship between treatment and enhancement in neuroscience research 
must be considered as well as the use of neurotechnology for enhancement purposes must be 
carefully reviewed.

Sometimes neuroscience and neurotechnology can be used for enhancement as well 
as treatment. When neuroscience and neurotechnology is used for the purpose of 
enhancement, the impact on an individual and a society should be reviewed in advance. 
The target for enhancement; purpose, type, and method of the neurotechnology used; 
conditions; expected long-term and short-term benefits and risks; and socio-economic 
impact must be carefully considered.28

When neuroscience and neurotechnology are used for enhancement purposes, the safety 
of the user may be in jeopardy, personal autonomy may be violated by forcing individuals 
to use specific technologies, and an access to specific technologies may be unfairly 
constructed. While the use of neuroscience and neurotechnology for enhancement may 
alleviate the problem of inequality among individuals in society,42 inequality may also be 
exacerbated. Furthermore, enhancement has the potential to change an individual’s identity 
and personality as well as the identity of the human species.43,44 Therefore, the use of 
neuroscience and neurotechnology for the purpose of enhancement requires continuous and 
extensive social discussion from various perspectives.

DISCUSSION

The development of the neuroethics guidelines is significant in that they are the first 
neuroethics guidelines developed in Korea. Several ELSI studies have been conducted in 
Korea, but this was the first regarding neuroscience and technology. These guidelines will 
be referenced in future research and development. The development of these guidelines 
includes stages in which their draft is created and reviewed through consultation with 
interdisciplinary experts, including scientists. These guidelines can play a role as a draft 
guideline that can contribute to establishing guidelines by national institutions in the future. 
In addition, the effects of each issue of neuroscience and neurotechnology development 
were considered more in-depth than previously published neuroethics guidelines or 
reports. In these guidelines, various aspects of neuroscience research and technological 
development have been preemptively considered beyond what is discussed in existing 
bioethics guidelines. These guidelines also suggest the direction of ongoing neuroscience 
research and neurotechnology development, indicating the issues that should be considered. 
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Furthermore, the ethical and legal consideration as well as principles that should be 
considered in neurotechnology development are presented in these guidelines, though it is 
difficult to achieve a specific result with the current level of technology.

Although these neuroethics guidelines have great significance, they must continue to be 
revised and supplemented. According to the development of neuroscience and technology, 
each issue presented in these guidelines should be further sub-divided to develop systematic 
guidelines based on real, clinical practice. It is hoped that future guidelines can be specific 
enough to include guidelines and systems that can be used for each novel technology. These 
current guidelines should also be supplemented with quantitative and qualitative empirical 
research. Future guidelines should refer to such research to establish a realistic basis that can 
be reflected in actual laws and systems. The current guidelines must be revised continuously 
and supplemented based on the rapidly changing research environment and culture in the 
Republic of Korea. In addition, these guidelines may be useful in the development of future 
domestic guidelines and international guidelines, as the development of neuroscience and 
neurotechnology is an international effort. Future guidelines should reflect standards that 
members of a society can comply with voluntarily through the process of continuous revision 
and supplementation in accordance with the changing environment.
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